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ABSTRACT
Background: Thermophilic Campylobacter are important bacterial pathogens of foodborne 
diseases worldwide. These organisms’ physiology requires a microaerophilic atmosphere. To 
date, little is known about the protective catalase mechanism in urease-positive thermophilic 
campylobacters (UPTC); hence, it was the aim of this study to identify and characterise catalase 
and catalase-like protein genes in these organisms.
Materials and methods: Catalase (katA) and catalase (Kat)-like protein genes from the Japanese 
UPTC CF89-12 strain were molecularly analysed and compared with C. lari RM2100 and other C. 
lari and thermophilic Campylobacter reference isolates.
Results: A possible open reading frame of 1,422 base pairs, predicted to encode a peptide of 
474 amino acid residues, with calculated molecular weight of 52.7 kilo Daltons for katA, was 
identified within UPTC CF89-12. A probable ribosome binding site, two putative promoters and 
a putative ρ-independent transcription terminator were also identified within katA. A similar 
katA cluster also existed in the C. lari RM2100 strain, except that this strain carries no DcuB genes. 
However, the Kat-like protein gene or any other homologue(s) were never identified in the C. lari 
RM2100 strain, or in C. jejuni and C. upsaliensis.
Conclusions: This study demonstrates the presence of catalase/catalase-like protein genes in 
UPTC organisms. These findings are significant in that they suggest that UPTC organisms have 
the protective genetic capability of helping protect the organisms from toxic oxygen stress, 
which may help them to survive in physiologically harsh environments, both within human and 
animal hosts, as well as in the natural environment.
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Introduction

Oxidative stress is an important factor for organisms 
employing oxygen as a terminal electron acceptor, since 
the combination of oxygen and electrons can yield reac-
tive oxygen species, such as superoxide, hydroxyl radi-
cals, hydrogen peroxide.[1] These can lead to damage to 
proteins, nucleic acids and biomembranes.[2] Reactive 
oxygen species are also produced by the immune system 
to kill invading microbes.[2] Thus, bacterial pathogens 
must resist such reactive oxygen stress encountered, 
both in the host and in the environment, for their sur-
vival. In addition, recent studies indicated that bacteria 
contain a wide range of enzymes for oxidative stress 
defence.[3] Catalase is a common enzyme occurring in 
nearly all living organisms that are exposed to oxygen 
and catalyses the decomposition of hydrogen peroxide 
to water and oxygen (2H2O2 → 2H2O + O2).[4]

Many bacteria show increased expression of catalase 
upon incubation with H2O2, and an adaptive response 
makes the bacteria more resistant to subsequent H2O2 

challenge.[1] In addition, Chelikani et al. [4] categorised 
that catalases can be divided into three types, namely 
mono-functional catalases, bi-functional catalase-per-
oxidases and manganese-containing (non-haeme) 
catalases.

Thermophilic Campylobacter species, primar-
ily Campylobacter jejuni and Campylobacter coli are 
curved, Gram-negative organisms and are the most 
commonly recognised causes of acute bacterial diar-
rhoea in the Western world.[5–7] Campylobacter lari 
organisms were first isolated in the 1980s, particularly 
from seagulls.[5,6] C. lari has also been shown occa-
sionally to be a cause of clinical infection.[8–10] In 
addition, an atypical group of urease-positive thermo-
philic Campylobacter (UPTC) organisms have also been 
isolated from the natural environment in England.[11] 
Thereafter, these UPTC organisms were described as a 
biovar or variant of C. lari.[12–15] Subsequent isolates 
were reported in Europe [16–20] and in Japan.[19,20] 
Thus, at least, these two representative taxa, namely 
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Genomic DNA preparation

Genomic DNA was prepared using sodium dodecyl sul-
phate and proteinase K treatment, phenol–chloroform 
extraction and ethanol precipitation,[26] and adjusted 
to approximately 500 ng/µL.

Construction of the genomic DNA library of 
UPTC CF89-12 strain and nucleotide sequence 
determination

A genomic DNA library was constructed using NEBNextTM 
DNA Sample Prep. Reagent Set 1 (New England BioLabs 
Japan Inc., Tokyo, Japan) with the UPTC CF89-12 strain. 
The DNA was fragmented using Covaris S-Series (Covaris 
Inc., MA, USA) and separated by agarose gel electrophore-
sis [300–500 base pairs (bp)]. Cluster generation was car-
ried out using the constructed library DNA as templates 
with Cluster Station and Cluster Generation Kit (Illumina 
Inc., CA, USA). The nucleotide sequence (sequence reads 
75 bp) was determined using Genome Analyzer IIx and 
Sequencing Kit (Illumina Inc.). De novo assembly of the 
paired-end reads (35 bp) was carried out using Edena 
(V2.1.1., http://www.genomic.ch/edena.php) and Velvet 
(V0.7.11, http://www.ebi.ac.uk/~zerbino/velvet/).

Primer design, PCR amplification, agarose gel 
electrophoresis of the amplicons and nucleotide 
sequencing of the katA gene and the Kat-like 
protein gene

We designed three novel PCR primer pairs, ClakatA-F/-R, 
ClaKat-like-F/-R and ClaKat-like-318F/+138R, [ClakatA-F, 
nucleotide positions (np) 1,344–1,363  bp; ClakatA-R, 
np 1,818–1,837  bp, AB736173; ClaKat-like-F, np 7,144–
7,163  bp; ClaKat-like-R, np 7,947–7,966  bp, AB736169; 
ClaKat-like-318F, np 6,788–6,807 bp; ClaKat-like + 138R, np 
8,236–8,255 bp, AB736169], in silico, for amplification of the 
putative katA and Kat-like protein genes segments with C. 
lari isolates based on the sequence information of the katA 
and Kat-like protein genes (972 bp) from UPTC CF89-12. It 
is expected that the primer pair of ClaKat-like-F/-R would 
generate an amplicon of 823 bp in length of the Kat-like 
protein gene segments with C. lari isolates. In addition, the 
ClaKat-like-318F/+138R primer pair might be expected to 
generate the putative full-length Kat-like protein gene con-
taining approximately 1,500 bp segment in length.

Nucleotide sequence alignment analysis was per-
formed to design the primer pair using CLUSTAL W soft-
ware (1.7 program) [27] incorporated in the DDBJ. The 
PCR mixture contained 30 ng of the whole genomic DNA, 
10 mmol/L Tris-HCl, pH 8.3, 50 mmol/L KCl, 1.5 mmol/L 
MgCl2, 400 µmol/L of each dNTP, 1 µmol/L of each primer 
and a total of 1 unit of EX Taq DNA polymerase (TaKaRa 
Bio Inc., Tokyo, Japan). The PCR was performed in 50 µl 
volume at 94  °C for 3.0  min, for 30 cycles at 94  °C for 
1.0  min, at 55  °C for 1.0  min, at 72  °C for 1.5  min and, 
finally, at 72 °C for 10 min. Amplified PCR products were 

urease-negative (UN) C. lari and UPTC occur within the 
C. lari species.[21]

Regarding catalase in Campylobacter, Grant and 
Park [22] have already reported that C. jejuni and C. coli 
express a single catalase, designated katA. In addition, 
Day et al. [23] showed the importance of catalase of 
C. jejuni in intracellular survival. Regarding oxidative 
stress defence in C. lari, recently, Miller et al. [24] iden-
tified one catalase (katA) gene in the UN C. lari RM2100 
strain, following the complete genome sequence anal-
ysis (NC_012039). However, no descriptions have yet 
appeared about this. In addition, no identification has 
been demonstrated to date as to any counterpart(s) in 
the UPTC organisms.

We hypothesise that UPTC organisms also contain 
catalase and catalase-like protein genes, within their 
genomes. Therefore, the aim of this study was to:

(1)  identify and describe katA and catalase (Kat)-
like protein genes and their homologue(s) in 
the UPTC CF89-12 strain,

(2)  compare these with those genes found in C. lari 
RM2100,

(3)  compare the Kat-like protein in the UPTC 
CF89-12 strain with those from more than 
20 C. lari isolates, both genotypically and 
phenotypically.

Materials and methods

Description of organisms employed

The Japanese strain, UPTC CF89-12, which has been 
 isolated from the water of the Asahigawa River, 
Okayama prefecture, Japan [19], was employed for 
the construction of a genomic DNA library, cloning, 
sequencing and characterisation of katA and Kat-like 
protein genes and their adjacent genetic loci. Some 
other Campylobacter reference strains used in the pres-
ent study are shown in Tables 1 and 2. We also ana-
lysed the katA Kat-like protein genes and their adjacent 
genetic loci from other thermophilic Campylobacter ref-
erences strains, accessible in the DDBJ/EMBL/GenBank 
shown in Tables 1 and 2. A total of 27 C. lari isolates 
(n = 13 for UPTC; n = 14 for UN C. lari) were employed 
for PCR amplification of the Kat-like protein gene in the 
present study had also previously been described by 
Tazumi et al. [25]

Isolates were cultured on Mueller-Hinton agar (Oxoid, 
Basingstoke, Hampshire, UK) that contained defibrinated 
horse blood [7% (v/v); Nippon Bio-test, Tokyo, Japan], 
supplemented with Butzler Campylobacter-selective 
medium (Virion, Zurich, Switzerland), under microaer-
ophilic conditions produced by BBLTM CampypakTM 
Microaerophilic System Envelopes (Becton Dickinson, 
NJ, USA) at 37  °C for 48  h. Cells were further cultured 
on Mueller-Hinton agar under the same microaerophilic 
conditions, at 37 °C for 48 h.

http://www.genomic.ch/edena.php
http://www.ebi.ac.uk/~zerbino/velvet/
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separated by 0.8% [w/v] agarose gel electrophoresis in 
0.5 × TBE at 100 V and detected by staining with ethid-
ium bromide. The PCR products were purified using a 
QIA quick PCR purification Kit (QIAGEN) and the purified 
fractions were subjected to cycle sequencing with BigDye 
terminator (version 3.1; Applied Biosystems, Tokyo, Japan) 
and with sequencing primers. The reaction products were 
separated and detected with ABI PRISMTM 3100 Genetic 
Analyzer (Applied Biosystems Ltd, Paisley, Scotland, UK).

Nucleotide sequence analyses of the putative 
katA and Kat-like protein genes and their adjacent 
genetic loci and deduced amino acid sequence 
alignment analyses of the possible open reading 
frames

Nucleotide sequence analyses of the putative katA and 
Kat-like protein genes and their adjacent genetic loci 

Table 1. Thermophilic Campylobacter isolates analysed in the present study and their accession numbers of nucleotide sequence 
data accessible in the DDBJ/EMBL/GenBank.

Notes. N, Northern; NA, not available; –, negative; +, positive.

Isolate no./organism Source Country Accession number Kat-like protein gene
1. UPTC NCTC12892 River water England NA –
2. UPTC NCTC12894 Sea water England NA +
3. UPTC CF89-12 River water Japan AB736173 +
4. UPTC CF89-14 River water Japan NA +
5. UPTC A1 Seagull N Ireland AB827927 +
6. UPTC 89049 Human France AB827928 +
7. UPTC 92251 Human France AB827929 +
8. UPTC 27 Mussel N Ireland NA +
9. UPTC 136 Scallop N Ireland NA +
10. UPTC 150 Cockle N Ireland NA –
11. UPTC 182 Sea water N Ireland NA –
12. UPTC 476 Mussel N Ireland NA –
13. UPTC 504 Mussel N Ireland NA –
14. UN C. lari JCM2530T Seagull Japan NA –
15. UN C. lari 28 Mussel N Ireland AB827930 –
16. UN C. lari 170 Seagull Japan NA –
17. UN C. lari 175 Seagull Japan NA –
18. UN C. lari 176 Black-tail gull Japan NA –
19. UN C. lari 264 Mussel N Ireland NA –
20. UN C. lari 274 Mussel N Ireland NA –
21. UN C. lari 295 Human Canada NA –
22. UN C. lari 298 Human Canada NA –
23. UN C. lari 299 Human USA NA –
24. UN C. lari 300 Seagull USA NA –
25. UN C. lari 382 Mussel N Ireland NA –
26. UN C. lari 448 Mussel N Ireland NA –
27. UN C. lari 84C-1 Human N Ireland AB827931 –
28. UNC. lari RM2100 Human USA NC_012039 (–)
29. C. coli RM2228 Chicken USA NZ_AAFL01000000 (+)
30. C. coli JV20 Human USA NZ_AEER01000000 (+)

Table 2. Sequence similarities (%) of the nucleotide (upper right) and amino acids (lower left) of the Kat-like protein and katA genes.

Organism 1 2 3 4 5 6 7 8 9 10 11
1. C. lari UPTC CF89-12 96.2 96.3 96.2 91.1 91.8 62.4 33.4 30.5 30.7 27.7 
2. C. lari UPTC A1 96.9 99.6 99.7 90.8 91.5 58.4 46.2 47.3 47.0 45.4 
3. C. lari UPTC 89049 97.2 99.6 99.6 90.9 91.6 58.7 47.3 47.3 47.1 46.4 
4. C. lari UPTC 92251 96.9 99.7 99.6 90.8 91.5 58.7 47.4 47.2 46.9 44.3 
5. C. coli RM2228 92.9 93.8 94.1 93.8 98.5 64.3 28.1 33.1 32.6 28.6 
6. C. coli JV20 93.8 94.7 95.0 94.7 99.1 64.2 36.4 33.1 32.6 26.3 
7. H. pylori P12 59.6 58.4 58.7 58.7 58.4 58.4 29.8 29.4 29.3 22.5 
8. C. lari UPTC CF89-12 6.7 17.1 17.1 17.1 6.7 6.7 5.5 82.9 82.7 60.0 
9. C. coli RM2228 6.5 16.5 16.5 16.5 8.2 8.2 5.3 87.8 99.1 57.0 
10. C. coli JV20 6.5 16.5 16.5 16.5 8.2 8.2 5.1 87.6 99.6 57.2 
11. H. pylori P12 7.7 21.5 21.5 21.5 7.7 7.7 5.5 53.2 52.9 52.4 

and deduced amino acid sequence alignment analysis 
of the possible open reading frame (ORF) of the Kat-
like protein gene were carried out using the GENETYX-
Windows computer software version 9 (GENETYX Co., 
Tokyo, Japan).

Catalase activity determination of the C. lari 
isolates

Catalase activity was determined using the Catalase 
Activity Assay Kit (Cayman Chemical Company, Ann 
Arbor, MI, USA), according to the manufacturer’s 
instructions. Briefly, Cayman’s Catalase Assay Kit uti-
lises the peroxidatic function of CAT for determina-
tion of enzyme activity. The method is based on the 
reaction of the enzyme with methanol in the pres-
ence of an optimal concentration of H2O2. The for-
maldehyde produced is measured colorimetrically 

C., Campylobacter; H., Helicobacter; Isolate no. 1–7, Kat-like protein gene; 8–11, katA gene
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a consensus sequence at the –10 -like region (TATAAT; 
np 841–846 bp) upstream of the katA gene in the UPTC 
CF89-12 strain, as well as the start codon ATG (np 887–
889 bp) (Figure 2(A)). However, no consensus sequences 
at the –35 -like region were identified, and a semi-con-
served T-rich region (np 814–827 bp; T, 11/14) was identi-
fied instead of the region (Figure 2(A)), as shown in RpoD 
promoters in the C. jejuni genome.[29]

A hypothetical protein gene [conserved hypothetical 
protein gene (a structural gene for ankyrin repeat fam-
ily protein; np 2,363–2,833 bp)], argininosuccinate lyase 
(argH; np 2,894–4,291 bp), two anaerobic c4-dicarboxy-
late transporter DcuB genes (np 4,257–4,580 bp and np 
4,626–5,681 bp) and helix-turn-helix containing protein 
gene (np 6,352–5,678 bp) also occurred downstream of 
the katA gene in this direction in the UPTC CF89-12 strain.

Schematic representation of the Kat-like protein 
gene and its adjacent genetic loci within the UPTC 
CF89-12 strain

We then identified a putative Kat-like protein struc-
tural gene (np 7,126–8,097  bp; No. 10 gene in Figure 
4(A); AB736169) within the UPTC CF89-12 based on the 
comparison of the nucleotide and deduced amino acid 
sequence similarities, with those of the correspond-
ing gene in the C. coli RM2228 and JV20 strains (NZ_
AAFL00000000; NZ_AEER00000000), as schematically 
represented in Figure 4(A). This was predicted to encode 
a peptide of 323 amino acid residues with the CMW of 

with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole 
(Purpald) as the chromogen. Purpald specifically forms 
a bicyclic heterocycle with aldehydes, which upon oxida-
tion changes from colourless to a purple colour.

Results

Schematic representations of the putative catalase 
genes, katA and their adjacent genetic loci within 
the UPTC CF89-12 and C. lari RM2100 strains 
genomic DNA following nucleotide sequencing 
and sequence analyses

Putative katA genes and their adjacent genetic loci within 
the UPTC CF89-12 (AB736173) and C. lari RM2100 strains 
are schematically shown in Figure 1. In the present study, 
we identified a possible ORF [1,422 bp, np 887–2,308 bp] 
for the katA in the UPTC CF89-12 strain (Figure 1(A)). This 
was predicted to encode a peptide of 474 amino acid resi-
dues with the calculated molecular weight (CMW) of 52.7 
kilo Daltons (kDa). The possible ORF of the gene in the 
UPTC CF89-12 strain was identified, based on the com-
parison of nucleotide and deduced amino acid sequence 
similarities with that of the corresponding gene in the C. 
lari RM2100 strain. Probable ribosome-binding (RB) site 
(Shine-Dalgarno sequence) [28] that is complementary 
to a highly conserved sequence of CCUCCU close to the 
3′-end of 16S ribosomal RNA, AGGAGA (np 877–882 bp) 
for the katA gene was identified in the UPTC CF89-12. We 
identified the putative promoter structure, consisting of 

Figure 1. Schematic representations of the putative catalase gene (katA) and its adjacent genetic loci in UPTC CF89-12 (A) and UN 
C. lari RM2100 (B). Summaries of those in the two strains (C) and locations of the novel PCR primer (A) designed in silico and their 
sequences (D) were also shown. – absent.
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Sequence similarities of the nucleotide and 
deduced amino acid of the Kat-like protein and 
katA genes

As shown in Table 2, the nucleotide sequence and the 
deduced amino acid sequence similarities of the possi-
ble ORFs were examined for the Kat-like protein genes 

35.9 kDa. Probable RB site, AGGAGC (np 7,116–7,121 bp), 
two putative promoters at the –35 (TTGATA; np 7,060–
7,065  bp) and –10 (TACAAT; np 7,091–7,096  bp)-like 
structures immediately upstream of the Kat-like protein 
gene (Figure 5(A)). In addition, a hypothetically intrinsic 
ρ-independent transcriptional terminator was also iden-
tified (np 8,105–8,119 bp) (Figure 5(B)).

Figure 2. Nucleotide sequence alignment analyses of the putative promoter structures, consisting of a semi-conserved T-rich region 
and a –10 like region, as well as the start codon ATG, upstream of the katA gene (A). Promoter structures, RB site and start codon in 
the UN C. lari RM2100 strain are overlined. Dots indicate identical bases; changes are so indicated; dashes are deleted bases; positions 
identical in all isolates are marked by asterisks; numbers at the left and right refer to bp of the nucleotide sequences of the isolates 
accessible in DDBJ/EMBL/GenBank, respectively (B-1). Cases of putative intrinsic ρ-independent transcriptional terminator structures 
downstream of the stop codon for the katA gene cluster, downstream of the argH gene in UPTC CF89-12 and C. lari RM2100 strains 
and (B-2) the secondary structure for the terminator in the UPTC CF89-12.

Figure 3. Amino acid sequence alignment analysis of the possible DcuB genes ORFs in the UPTC CF89-12 (the first small and the 
second large) and C. lari RM2100 strains. Amino acid sequence of A. salmonicida LFII238 was also aligned for comparison.
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between the UPTC CF89-12 and three UPTC isolates 
and C. coli RM2228 and JV20 strains, as shown in Table 2.  
Similarity comparisons were also carried out with bacte-
rial katA genes (Table 2). In addition, as shown in Table 2, 

within UPTC CF89-12 and some other related bacteria. 
Regarding the Kat-like protein gene, high nucleotide 
(90.8–99.7%) and deduced amino acid (92.9–99.7%) 
sequence similarities of the putative gene are shown 

Figure 4. Schematic representations of the putative Kat-like protein gene and its adjacent genetic loci in UPTC CF89-12 (A) and its 
corresponding region in UN C. lari RM2100 (B) strains. –, negative: NA, not available (C) lari RM2100 (B) and (C) description of 13 
genes in both strains, indicating their position and funtionality. –, negative; NA, not available.

Figure 5. Nucleotide sequence alignment analyses of the putative promoter structure, as well as the start codon and RBS (A) and the 
hypothetically intrinsic ρ-independent transcriptional terminator structure (B), for the Kat-like protein gene from the UPTC CF89-12 
and three other UPTC strains, UPTC 92251, A1 and 89049.
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n  =  13 for UPTC and n  =  14 for UN C. lari). When PCR 
amplification was carried out on the Kat-like protein gene 
segments with the C. lari isolates, eight isolates (29.6% 
positive) [n = 8 for UPTC (61.5% positive); n = 0 for UN C. 
lari (0% positive)] generated an approximately 1,500 bp 
amplicon out of 28 isolates, respectively (Figure 8). The 
other 19 isolates generated an approximately 400  bp 
amplicon (Figure 7). The overall results are summarised 
in Table 1. Thus, C. lari isolates appear to carry the Kat-like 
protein gene, but not so frequently. In addition, the UPTC 
organisms carried the Kat-like protein gene, examined 
in the present study, relatively frequently.

these isolates showed very low sequence similarities of 
both the nucleotides and amino acids between Kat-like 
protein and katA genes.

PCR amplification of the Kat-like protein gene 
segments, agarose gel electrophoresis of the 
amplicons and nucleotide sequencing with C. lari 
isolates

PCR amplification of the Kat-like protein gene segment 
was performed using the primer pair of ClaKat-like-
318F/+138R (Figure 6) with 27 C. lari isolates (Table 1; 

Figure 6.  A schematic representation of the katA(A) and Kat-like protein (B) gene loci identified within the UPTC CF89-12 strain 
genomic DNA and the locations of the primer pairs for amplification of the genes segment (A and B), and the primer sequences 
employed (C).

Figure 7. Agarose gel electrophoresis profiles of the Kat-like protein gene segment using the primer pair of ClaKat-like-F/-R. Lane 
M, 100 bp DNA ladder; Lane 1, UPTC NCTC12892; lane 2, NCTC12894; lane 3, UPTC CF89-12; lane 4, CF89-14; lane 5, UPTC A1; lane 
6, UPTC 89049; lane 7, UPTC 92251; lane 8, 27; lane 9, 136; lane 10, 150; lane 11, 182; lane 12, 476; lane 13, 504; lane 14, UN C. lari 
JCM2530T; lane 15, 28; lane 16, 170; lane 17, 175; lane 18, 176; lane 19, 264; lane 20, 274; lane 21, 295; lane 22, 298; lane 23, 299; lane 
24, 300; lane 25, 382; lane 26, 448; lane 27, 84C-1.
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(Figure 8(A)). Nucleotide sequence alignment analyses 
of the Kat-like protein gene and its adjacent genetic 
loci from the UPTC CF89-12 strain and some other 
C. lari isolates were also carried out for comparison 
(Figure 8(B)).

We then, performed deduced amino acid sequence 
alignment analysis of the possible ORF of the Kat-like 
protein gene among the four C. lari UPTC isolates, 
UPTC CF89-12, UPTC 89049, UPTC 92251 and UPTC 
A1 and two C. coli RM2228 and JV20 reference strains 

(A)

(B)

Figure 8. Amino acid sequence alignment analyses of the possible ORF of the Kat-like protein gene from the UPTC CF89-12 strain, 
some other UPTC isolates and reference C. coli RM2228 and C. coli JV20 strains (A). Nucleotide sequence alignment analyses of the 
Kat-like protein gene from the some C. lari isolates for comparison (B).
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gene in Figure 1(A)) and the Cla_0276 gene (No. 7 gene 
in Figure 1(A)) in the UPTC CF89-12 strain.

Regarding the two DcuB genes, it is very interesting 
that both the first DcuB gene (324 bp in length) and the 
second DcuB gene (1,056 bp in length), that are absent in 
the katA gene and its adjacent genetic loci cluster within 
the C. lari RM2100, occurred between the argH gene and 
the Cla_0276 in the UPTC CF89-12 strain. Based on the 
nucleotide and amino acid sequences analyses, the first 
small DcuB gene (np 4,257–4,580 bp) commenced with 
an ATG start codon (np 4,257–4,259 bp) and terminated 
with a TGA (np 4,578–4,580 bp) stop codon. The large 
DcuB gene (np 4,626–5,681  bp) commenced with a 
GTG (np 4,626–4,628 bp) and terminated with a TAA (np 
5,679–5,681 bp) in the UPTC CF89–12 strain (AB736173).

These two DcuB structural genes add up to 1,380 bp in 
length, and interestingly, the total bp length is equivalent 

Catalase activity determination of C. lari isolates

Figure 9 shows the catalase activities of cell-free 
extracts from the 20 C. lari isolates (n = 10 for UN C. 
lari; n  =  10 for UPTC). As shown in Figure 9, the cat-
alase activities were distributed widely ranging from 
approximately 100 to 1,700 units/mg protein among 
the 20 C. lari isolates.

Discussion

A possible overlap was identified in the 35 nucleotides 
between the structural argH gene (No. 4 gene in Figure 
1(A)) and the first small DcuB gene (No. 5 gene in Figure 
1(A)). Another overlap of the four nucleotides was also 
identified between the second large DcuB gene (No. 6 

Figure 9. Catalase activities determined using the Catalase Activity Assay Kit.

Table 3. Sequence similarities (%) of the nucleotide (upper right) and amino acid (lower left) of the full-length DcuB gene.

Isolate no. 1 2 3 4
1 UPTC CF89-12   49.2 52.8 53.7
2 C. lari RM2100 30.5 49.9 50.2
3 C. jejuni M1 31.8 35.6 48.7
4 A. salmonicida LFI1238 58.0 34.9 35.2  

Table 4. Summary.

What is known about the subject:
 • The ability of a bacterium to survive in oxygen-aggressive environments is important to its potential and persistence as a food-poisoning organism
 • Catalase enzymes are important protective mechanisms aiding the survival of bacteria in harsh oxidative environments

What this paper adds:
 • Comparative genetics between hitherto unreported catalase genes in UPTC campylobacters and other established species C. lari and other estab-

lished species
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primer pair of ClaKat-like-318/+138, respectively, as 
shown in Figure 7 and summarised in Table 1. As shown 
in Figure 9, in C. lari organisms, Kat-like protein gene 
appears not to influence catalase activity in their cells 
(Table 4).

This work represents an advance in biomedical sci-
ence, because it shows for the first time the genetic 
composition of catalase genes and catalase-like protein 
genes with the UPTC organisms and helps elucidate a 
potential role for the UPTC organisms in oxygen-rich 
environments.
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