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ABSTRACT

An attempt was made to identify the gene encoding arginine deiminase of a commercial
strain of lactic acid bacteria, previously isolated and designated SC8. A DNA sequence of 4,149
bp containing at least 3 putative open reading frames: arcA, arcB and arcD (partial) was
determined. Predicted amino acid sequence of arcA showed high similarity with arginine deiminase
enzyme in several bacteria from the Swiss-Prot Protein Sequence Database, suggesting that
arcA is a putative arginine deiminase gene. Translated sequence of arcB showed 100% identity
to ornithine carbamoyltransferase from Lactococcus lactis subsp. cremoris MG1363, the
function of which has already been established. In addition, putative -35 and -10 promoter
regions, a putative Arg box and a putative Catabolite repression element (Cre) sequence were
identified upstream from arcA.

Based on 16S rDNA sequence analysis and the restriction fragment length
polymorphism of PCR-amplified gadB gene fragment, the isolate SC8 was identified as a
member of Lactococcus lactis subsp. cremoris.
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Introduction
The arginine deiminase (ADI) pathway, formerly referred to as the arginine dihydrolase

pathway, involves (i) irreversible conversion of arginine into citrulline and ammonia, (ii)
phosphorolysis of citrulline generating ornithine and carbamoylphosphate in a reversible
reaction, and (iii) reversible conversion of carbamoylphosphate and ADP into CO2, ammonia and
ATP [1]. These reactions are catalysed by the 3 enzymes: arginine deiminase, ornithine
transcarbamylase (also known as ornithine carbamoyltransferase) and carbamate kinase,
respectively [1].

The ADI pathway is of interest for a number of aspects. It was suggested that the
ADI pathway in a variety of bacteria contributed to bacterial survival of potentially lethal
acidification through the production of ammonia to raise the environmental pH values [2].
In addition, ammonia, generated from this pathway, along with acetoin can be used as substrates
for the production of tetramethylpyrazine (TMP) [3], an important flavouring compound [4]
with medicinal properties [5, 6], by several bacteria. In Lactococcus lactis, the ability of the
bacteria to hydrolyse arginine (via the ADI pathway) is one of the characteristics used to
distinguish between L. lactis subsp. lactis and L. lactis subsp. cremoris, in which the former
possesses such ability, and the latter does not [7].

The genes involved in the ADI pathway from several bacteria have been characterised.
In lactic acid bacteria (LAB), in particular, the genes of Lactobacillus sakei [8, 9], L. hilgardii
[10], Lactococcus lactis [11], Streptococcus gordonii [12], S. rattus [13], Enteroccoccus
faecalis [14] and Oenococcus oeni [15] were reported. The gene for arginine deiminase enzyme
(arcA) is of particular interest. Since the enzyme plays a role in ammonia generation in
an irreversible reaction, over-expression of arcA in a high acetoin-producing strain should
enhance the production of TMP [11].

Previously, several strains of LAB isolated from fermented food products, which
were capable of acetoin production and arginine utilization, were selected. A putative arginine
deiminase gene fragment, 670 bp in length, was amplified from one of the isolates, designated
SC8 [16]. In this article, cloning of the complete arginine deiminase gene and its downstream
region, and analyses of the gene sequences thereof were described. Identification of the isolate
SC8 at the species and subspecies levels was also reported.
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Materials and Methods
Bacterial Strains, Media and Plasmid

LAB isolate SC8 was grown statically in MRS medium [17] at 30 ÌC. Escherichia
coli TOP10 (Invitrogen, California, USA), used as a recipient for recombinant plasmid
construction, was grown in Luria Bertani (LB) broth [18] supplemented with 100 µg/ml
ampicillin, at  37 ÌC with continuous agitation.

Plasmid pCR2.1-TOPO (Invitrogen, California, USA) was used for cloning of PCR
products.

Chromosome Extraction
The method used for extraction of LAB chromosome was a modification of that

described by Lewington et al. [19]. A 10-ml overnight culture was harvested by centrifugation.
The pellet was resuspended in 240 µl of 0.25 M sucrose and 50 mM Tris-HCl (pH 8.0).
The suspension was mixed with 50 µl of 10 mg/ml lysozyme and incubated at 37 ÌC for 10 min.
The sample was then added with 160 µl of 20% sodium dodecyl sulfate (prewarmed to 37 ÌC),
and 80 µl of ice cold 5 M NaCl, consecutively, and incubated on ice for 1 h. Following
centrifugation, the supernatant was collected, and subjected to 2 extractions with phenol/
chloroform (1: 1) and 1 extraction with chloroform. The DNA was precipitated by adding
0.1 volume of 3 M sodium acetate and 2 volume of absolute ethanol. The DNA was recovered
by centrifugation, and redissolved in sterile DNase-free water.

Polymerase Chain Reaction (PCR)
PCR was conducted with a Mastercycler (Eppendorf, Hamburg, Germany). A 50 µl

PCR mixture contained 250 ng DNA template, 1Ó PCR buffer supplemented with 2 mM of each
dNTP, 50 pmol of each primer, and 0.4 U of Taq DNA polymerase, in sterile DNase-free water.
The mixture was subjected to 30 cycles of denaturation at 92 ÌC for 2 min, primer annealing
at 48 ÌC for 2 min, and extension at 72 ÌC for 2-3 min, with an additional extension at 72 ÌC for
10 min following the last cycle.

Oligonucleotide primers used in this research were obtained from BioService Unit,
Bangkok, Thailand. The nucleotide sequences of the primers are listed in Table 1.

Construction of Recombinant DNA and Transformation
Cloning of PCR products into pCR2.1-TOPO and transformation of One Shot TOP10

Chemically Competent E. coli (E. coli TOP10) with the recombinant plasmid were carried out
using TOPO TA cloning kit (Invitrogen, California, USA), according to the instructions of the
manufacturer.
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Table 1 List of primers and their nucleotide sequences.

Primer Nucleotide sequence Target Reference

rdi-fwd1 (forward) 5′-CTTCTTGGGGTTGCTGC-3′ ADI gene This study
cluster

rdi-rev1 (reverse) 5′-AATACTGAGTTTACTTCTGC-3′ ADI gene This study
cluster

rdi-fwd2 (forward) 5′-GGAAAAAATAATGACATCACC-3′ ADI gene This study
cluster

rdi-rev2 (reverse) 5′-TGTTTTCTTCTCTTGAATCCC-3′ ADI gene This study
cluster

fD1 (forward) 5′-CCGAATTCGTCGACAACAGAGTTTGAT 16S rDNA [23]
CCTGGCTCAG-3′

rD1 (reverse) 5′-CCCGGGATCCAAGCTTAAGGAGGTGAT 16S rDNA [23]
CCAGCC-3′

gadB21 (forward) 5′-CGTTATGGATTTGATGGATATAAAGC-3′ gadB [25]
GAD7 (reverse) 5′-ACTCTTCTTAAGAACAAGTTTAACAGC-3′ gadB [25]

Plasmid Isolation
Preparation of plasmid DNA was carried out using Wizard Plus SV Minipreps DNA

Purification System (Promega, Wisconsin, USA), according to the instructions of the manufacturer.

DNA Sequencing and DNA Sequence Analysis
DNA sequencing of recombinant DNA was performed by BioService Unit, Bangkok,

Thailand. Nucleotide sequence data were analysed using programmes from the European
Bioinformatics Institute, Cambridge, UK (http://www.ebi.ac.uk/Tools/).

Results
Cloning of the Putative Arginine Deiminase Gene and Its Downstream Region

In a previous study, a PCR fragment of 670 bp was amplified from LAB isolate SC8,
and its sequence showed 99.786% identity to arginine diminase gene of Lactococcus lactis
subsp. cremoris MG1363 [16]. In order to amplify the complete arginine deiminase gene and its
downstream region from SC8, 2 sets of primers were designed, based on DNA sequence of the
genes encoding components of the ADI pathway of L. lactis subsp. cremoris MG1363 (EMBL
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accession number AJ250129), as follows: rdi-fwd1 (forward), nucleotide position 759-775;
rdi-rev1 (reverse), 2,533-2,514; rdi-fwd2 (forward), 2,480-2,500; and rdi-rev2 (reverse),
4,906-4,886. Two sets of PCR were carried out: one with primers rdi-fwd1 and rdi-rev1, and the
other with primers rdi-fwd2 and rdi-rev2, using chromosomal DNA of SC8 as a template. DNA
fragments of 1.7 and 2.4 kb in size, as expected, were generated by the 2 reactions, respectively.
The DNA fragments were then cloned into pCR2.1-TOPO, and sequenced. The 2 DNA
sequences were assembled, and a total of 4,149 bp of DNA sequence was accomplished.

DNA Sequence Analysis
Analysis of the 4,149 bp DNA sequence was carried out using programmes from the

European Bioinformatics Institute. Three open reading frames: arcA, arcB, and arcD (partial),
respectively, were identified. The DNA sequences of the open reading frames were translated,
using Transeq programme. The 4,149 bp DNA sequence and translated sequences of the open
reading frames are shown in Figure 1.

For each predicted amino acid sequence, search for homologous sequences from the
Swiss-Prot Protein Sequence Database was performed using Fasta3 programme. Protein
sequences from the database that are highly similar to the translated sequences are listed in Table
2. Search of recognisable protein motifs on each translated sequence was carried out using
PPSearch programme. As a result, an aspartate and ornithine carbamoyltransferase signature
(FAKTSTRT) was identified on translated arcB sequence (Figure 1).

Putative -35 and -10 promoter regions preceding arcA and putative ribosome binding
sites [20], preceding the start codons, were identified manually (Figure 1). In addition, in the
vicinity of the promoter, an operator-like region highly resembling the Catabolite repression
element (Cre) sequence of Gram-positive bacteria [21] and a putative Arg box resembling the
consensus Arg box sequence of E. coli [22] were found (Figure 1).

                                              Arg box 
   1 CTTCTTGGGGTTGCTGCTCCTGAAAATATGTAAAAATATACTTAATTATTTAATCTCTTA 
  61 TCAAAAAGAATTTAATTCTTGCTGATGAGAGATTTTTTTGTTTATTTTTTAAAACATTTT 
 121 GTAAAATAAGTATTTTAATAAAAAACTAAGAATCCCATGATAAGCAAAGGAGTGCATAAA 
 181 CGTGAAATTGTCAGAATATAAAAAAACATGTATAAATGAATAAACCTTTGTAAAGTGTAG 

               -35                    -10        Cre sequence 
 241 CATTAGTGCTCGACAAAAAATATGCATAGATGTATAATTTCCTTGTAAACGATTCTAATA 
 301 ATACTGAATCGAAATCAGAAAGGATACTCCAAAATGAACAATGGAATTAATGTTAACTCA 
                                      M  N  N  G  I  N  V  N  S   

 361 GAAATTGGGAAATTAAAATCAGTCCTTCTCCACCGCCCAGGTGCAGAGGTAGAGAATATT 
     E  I  G  K  L  K  S  V  L  L  H  R  P  G  A  E  V  E  N  I   

 421 ACCCCAGACACAATGAAACAGCTTTTATTTGATGATATTCCATATCTCAAAATTGCTCAA 
     T  P  D  T  M  K  Q  L  L  F  D  D  I  P  Y  L  K  I  A  Q 
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 481 AAAGAGCATGATTTCTTTGCTCAAACATTGCGTGACAATGGTGCTGAAACTGTTTATATC 
     K  E  H  D  F  F  A  Q  T  L  R  D  N  G  A  E  T  V  Y  I   

 541 GAAAATCTTGCAACAGAAGTTTTTGAAAAATCATCTGAAACAAAAGAAGAGTTTTTAAGC 
     E  N  L  A  T  E  V  F  E  K  S  S  E  T  K  E  E  F  L  S   

 601 CATTTGTTGCATGAAGCAGGTTACCGTCCAGGACGTACTTATGATGGATTGACTGAATAT 
     H  L  L  H  E  A  G  Y  R  P  G  R  T  Y  D  G  L  T  E  Y   

 661 TTAACTTCAATGCCAACAAAAGATATGGTTGAAAAAGTCTATGCCGGTGTTCGTAAAAAT 
     L  T  S  M  P  T  K  D  M  V  E  K  V  Y  A  G  V  R  K  N   

 721 GAATTGGATATCAAACGCACAGCACTTAGTGACATGGCAGGTTCTGATGCAGAAAATTAT 
     E  L  D  I  K  R  T  A  L  S  D  M  A  G  S  D  A  E  N  Y   

 781 TTCTACCTCAACCCATTACCAAATGCTTACTTCACACGTGACCCACAAGCTTCAATGGGT 
     F  Y  L  N  P  L  P  N  A  Y  F  T  R  D  P  Q  A  S  M  G   

 841 GTCGGAATGACTATTAATAAAATGACTTTCCCAGCACGTCAACCTGAAAGCTTGATTCCC 
     V  G  M  T  I  N  K  M  T  F  P  A  R  Q  P  E  S  L  I  P   

 901 GAATATGTGATGGCTAACCATCCACGTTTCAAAGACACTCCAATCTGGCGTGATCGTAAT 
     E  Y  V  M  A  N  H  P  R  F  K  D  T  P  I  W  R  D  R  N   

 961 CATACTACTCGTATTGAAGGTGGTGATGAATTAATTCTTAATAAGACAACTGTAGCAATC 
     H  T  T  R  I  E  G  G  D  E  L  I  L  N  K  T  T  V  A  I   

1021 GGGGTTTCAGAACGTACTTCATCTAAAACAATTCAAAATCTTGCTAAAGAATTATTTGCA 
     G  V  S  E  R  T  S  S  K  T  I  Q  N  L  A  K  E  L  F  A   

1081 AATCCACTTTCAACATTTGATACAGTGCTTGCGGTTGAAATCCCTCATAACCATGCAATG 
     N  P  L  S  T  F  D  T  V  L  A  V  E  I  P  H  N  H  A  M  

1141 ATGCACTTGGATACTGTATTTACAATGATTAACCATGATCAATTTACAGTTTTCCCAGGA 
     M  H  L  D  T  V  F  T  M  I  N  H  D  Q  F  T  V  F  P  G   

1201 ATTATGGATGGTGCAGGTAACATCAACGTCTTCATTCTTCGTCCTGGTCAAGATGGTGAA 
     I  M  D  G  A  G  N  I  N  V  F  I  L  R  P  G  Q  D  G  E 

1261 GTTGAAATTGAACATTTGACAGATCTTAAAGCAGCCCTTAAGAAAGTCTTGAACCTTTCA 
     V  E  I  E  H  L  T  D  L  K  A  A  L  K  K  V  L  N  L  S   

1321 GAACTTGACTTGATTGAATGTGGTTCAGGTGACCCAATTGCCGCTCCTCGTGAACAATGG 
     E  L  D  L  I  E  C  G  S  G  D  P  I  A  A  P  R  E  Q  W   

1381 AATGATGGTTCAAATACCCTTGCTATTGCTCCAGGAGAAATCGTTACTTATGACCGTAAC 
     N  D  G  S  N  T  L  A  I  A  P  G  E  I  V  T  Y  D  R  N   

1441 TATGTAACTGTTGAACTTTTGAAAGAACATGGTATTAAAGTTCATGAAATTCTTTCAAGT 
     Y  V  T  V  E  L  L  K  E  H  G  I  K  V  H  E  I  L  S  S   

1501 GAACTTGGTCGTGGTCGTGGTGGAGCGCGTTGTATGTCACAACCACTTTGGCGTGAAGAT 
     E  L  G  R  G  R  G  G  A  R  C  M  S  Q  P  L  W  R  E  D   

1561 TTGTAATCTGAAGACTTTTACATAATGTTCTTGAATTTAACTACTAAATTTAAAAACAAG 
     L  * 

1621 TGAATTTATAAATTTAGTTTTATAAGTTCGTAAAATTAAAGATGAAAGTAGCTCATTAAT 
1681 GTAATTTAAAAAATTCATTAAATATTTAAAAATAGAAAAAGGAAAAAAATAATGACATCA 
                                                        M  T  S 

1741 CCACTTATTACAAAAGCAGAAGTAAACTCAGTATTCCAAGGTCGTAGCTTGCTTGCTGAA 
     P  L  I  T  K  A  E  V  N  S  V  F  Q  G  R  S  L  L  A  E   

1801 AAAGATTTTACACCAGCTGAAATTAACTACCTTGTTGATTTTGGTCTTCATTTGAAAGCA 
     K  D  F  T  P  A  E  I  N  Y  L  V  D  F  G  L  H  L  K  A   
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1861 TTGAAACAACAAAATATTCCTCATCACTATCTTGAAGGTAAAAATATTGCCTTGTTATTT 
     L  K  Q  Q  N  I  P  H  H  Y  L  E  G  K  N  I  A  L  L  F   

1921 GCAAAAACTTCAACTCGTACACGTGCCGCATTTACAACTGCTGCCATTGACCTTGGTGCT 
 A  K  T  S  T  R  T  R  A  A  F  T  T  A  A  I  D  L  G  A   

981 CATCCTGAATATCTTGGTGCAAATGATATCCAACTCGGAATCAAAGAATCAACAGAAGAT 
     H  P  E  Y  L  G  A  N  D  I  Q  L  G  I  K  E  S  T  E  D   

2041 ACAGCAC

1

GTGTTCTTGGTTCAATGTTTGATGCTATTGAACGTCGTGGATTTTCTCAAAAA 
     T  A  R  V  L  G  S  M  F  D  A  I  E  R  R  G  F  S  Q  K   

2101 GAAGTTGAAGATTTGGCAAAATACTCTGGTGTTCCAGTTTGGAATGGTTTGACAGATGAT 
     E  V  E  D  L  A  K  Y  S  G  V  P  V  W  N  G  L  T  D  D  

2161 TGGCATCCAACACAAATGATTGCTGACTTTATGACGGTAAAAGAAAACTTTGGTTACCTT 
     W  H  P  T  Q  M  I  A  D  F  M  T  V  K  E  N  F  G  Y  L   

2221 AAAGGGTTGACATTAGTTTACGTTGGTGATGGTCGTAACAACATGGCAAATTCACTCATC 
     K  G  L  T  L  V  Y  V  G  D  G  R  N  N  M  A  N  S  L  I   

2281 GTAACTGGTTCTATGCTTGGTGTAAATGTTCATATCGTTGCTCCAGATTCACTTCATCCT 
     V  T  G  S  M  L  G  V  N  V  H  I  V  A  P  D  S  L  H  P   

2341 TCTAAAGAAGTTATGGATATTGCCAATAAATTTGCTGAAAAATCAGGTGCTAAACCTCTT 
     S  K  E  V  M  D  I  A  N  K  F  A  E  K  S  G  A  K  P  L   

2401 GCAACTTCTAATATTGAAGAAGGTGTTAAAGGTGCTAACATTATTTATTCAGACGTTTGG 
     A  T  S  N  I  E  E  G  V  K  G  A  N  I  I  Y  S  D  V  W   

2461 GTATCTATGGGAGAATCTAACTGGGAAGAACGTGTTAAACTTTTGACACCATACCGCATC 
     V  S  M  G  E  S  N  W  E  E  R  V  K  L  L  T  P  Y  R  I   

2521 ACAATGGATATGTTGAAAATGACAGGAAATGCTGACAACGGTAAACTTATCTTTATGCAC 
     T  M  D  M  L  K  M  T  G  N  A  D  N  G  K  L  I  F  M  H   

2581 TGCTTACCAGCCTTCCATGACACTGAAACTGAATATGGTAAAGAAATCAAAGAAAAATAT 
     C  L  P  A  F  H  D  T  E  T  E  Y  G  K  E  I  K  E  K  Y   

2641 GGTTTGACAGAAATGGAAGTTACTGACGAAGTTTTCCGTTCTAAATATGCTCGTCAATTT 
     G  L  T  E  M  E  V  T  D  E  V  F  R  S  K  Y  A  R  Q  F   

2701 GAAGAAGCAGAAAATCGTATGCACTCAATCAAAGCAATTATGGCTGCAACTTTGGGTAAT 
     E  E  A  E  N  R  M  H  S  I  K  A  I  M  A  A  T  L  G  N   

2761 TTATTTATCCCAGCAGTTCCTGAAGATTTTAAATAATTAAAATAGATAATTTGTCAGTTT 
     L  F  I  P  A  V  P  E  D  F  K  * 

2821 ACTGACAGAGCTGTCAGTAAACTGATAGATTTTGATTTAAGTCGTTGAAAGCAGTCTAAG 
2881 ATAGTTTTTAGACTGTTTTGACGGTTAAAATCATTGAAAGGATTGATATGGACGCAGAAA 
                                                    M  D  A  E  N 

2941 ATAAAAAAGGAATTGGCCTTGCTGCTTTAGTTGCGATTATTGTTTCTGGAGCGATTGGTG 
       K  K  G  I  G  L  A  A  L  V  A  I  I  V  S  G  A  I  G  G 

3001 GTGGGGTATTCAACCTCTCTAACGATTTAGCAACAAATGCATCCACCTGGTGGTGTTGTC 
       G  V  F  N  L  S  N  D  L  A  T  N  A  S   P  G  G  V  V   

3061 ATTTCATGGATCGTTATTGGTTTTGGTATATTAATGTTGGTTTTATCACTGAATCATTTG 
     I  S  W  I  V  I  G  F  G  I  L  M  L  V  L  S  L  N  H  L   

3121 GTGGTAAACAAACCTGAACTTTCAGGTGTGTCAGATTATGCACGTGCTGGTTTTGGTAAT 
     V  V  N  K  P  E  L  S  G  V  S  D  Y  A  R  A  G  F  G  N  

3181 ATGGTTGGTTTTATCTCAGGATGGGGTTATTGGTTATCTGCTTGGGCAGGTAATATTGCC 
     M  V  G  F  I  S  G  W  G  Y  W  L  S  A  W  A  G  N  I  A   
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Figure 1 The 4,149 bp DNA sequence and translated sequences of the open reading frames
(including stop codons): arcA, position 334-1,566; arcB, 1,732-2,796; and arcD
(partial) 2,928-4,128. Nucleotide at position 3,043 (in bold print and underlined),
possibly a PCR generated error, was excluded from translation. Binding sites
for primers rdi-fwd1 and rdi-rev2 at the beginning and the end of the sequence,
respectively, are underlined. Putative -35 and -10 promoter regions, putative Arg
box and putative Cre sequence, all preceding arcA, are double-underlined. Putative
ribosome binding sites, preceding each start codon, are shown in bold print. Aspartate
and ornithine carbamoyltransferase signature (FAKTSTRT) on translated arcB
sequence is in bold print.

3241 TTTGCTGTTTTGATGATGACTGCCGTTGACTATTTCTTCCCCGGCGTTTTTCAAGCTAAG 
     F  A  V  L  M  M  T  A  V  D  Y  F  F  P  G  V  F  Q  A  K   

3301 AATGGCTCATTGACCATTCTGTCAGTAATTGTTGTTTCAATTGTTTCGTGGGGATTGACT 
     N  G  S  L  T  I  L  S  V  I  V  V  S  I  V  S  W  G  L  T 

3361 TTACTTGTTATGCGAGGTGTTGAAGGGGCTGCTGCCATTAATGCAATTGTCCTTGTTGCA 
     L  L  V  M  R  G  V  E  G  A  A  A  I  N  A  I  V  L  V  A 

421 AAATTGATTCCCTTGTTTGTCTTTGTTATTGCTGGAATAGTTACTTTCAAAGCTGGAGTC 
     K  L  I  P  L  F  V  F  V  I  A  G  I  V  T  F  K  A  G  V 

3481 TTTAGTGCTCACTTTTGGCAAAATTTCGTTGCGAATACAAATGCTGATGGCGTAATTAAG 
     F  S  A  H  F  W  Q  N  F  V  A  N  T  N  A  D  G  V  I  K 

3541 AGTTTAACTTGGTCTAATATGACTGGCGGAGATTTATTCAGTCAAGTCAAAGGTTCACTC 
     S  L  T  W  S  N  M  T  G  G  D  L  F  S  Q  V  K  G  S  L   

3601 ATGGTTATGATTTGGGTCTTCGTCGGAATCGAAGGGGCTGCTATGATGGGTGACCGTGCC 
     M  V  M  I  W  V  F  V  G  I  E  G  A  A  M  M  G  D  R  A 

3661 AAACGTAAATCAGATGCTGGTAAAGCTTCAATTCTCGGTTTGATTGCCTTGTTAGTGATT 
     K  R  K  S  D  A  G  K  A  S  I  L  G  L  I  A  L  L  V  I   

3721 TATATCTTGCTCTCACTATTGCCATTTGGTTTTATGAGCCAACAAGAACTAGCTAATACT 
     Y  I  L  L  S  L  L  P  F  G  F  M  S  Q  Q  E  L  A  N  T 

3781 GGTCAACCAGGTTTGGTTCATATTTTGAACGCTATGGTTGGCGGTTGGGGTGGTTCACTA 
     G  Q  P  G  L  V  H  I  L  N  A  M  V  G  G  W  G  G  S  L 

3841 ATGGCCATTGGTCTTGTGATTTCACTTCTTGGAGCTTGGTTGTCATGGACAATGCTTCCC 
     M  A  I  G  L  V  I  S  L  L  G  A  W  L  S  W  T  M  L  P 

3901 GTTGAAGCAACACAACAATTATCAGAACAAAAATTACTTCCTAGTTGGTTTGGTAAACTT 
     V  E  A  T  Q  Q  L  S  E  Q  K  L  L  P  S  W  F  G  K  L 

3961 AATGACAAAGGTGCACCTAAAAATTCACTTTTGCTGACACAATTGATTGTTCAAATTTTC 
     N  D  K  G  A  P  K  N  S  L  L  L  T  Q  L  I  V  Q  I  F 

4021 TTGATTGTCACTTATTTTGTAGCTGATGCTTACAATGTCTTTGTTTACCTTTGTACCGCT 
     L  I  V  T  Y  F  V  A  D  A  Y  N  V  F  V  Y  L  C  T  A 

4081 GTTATCATGATTTGTTATGCCTTAGTTGGTTTATATCTCTTTAAATTAGGGATTCAAGAG 
     V  I  M  I  C  Y  A  L  V  G  L  Y  L  F  K  L 

4141 AAGAAAACA 
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Table 2 Amino acid sequences from the Swiss-Prot Protein Sequence Database that are
homologous to the translated sequences of the open reading frames in SC8.

Translated % % Size Swiss-Prot
sequence similarity identity Organism/ gene product (amino accession

acids) number
ArcA 99.756 99.512 Lactococcus lactis subsp. 410 Q9K576

cremoris MG1363/ arginine
deiminase

99.268 98.537 Lactococcus lactis subsp. lactis 410 P58013
IL1403/arginine deiminase

83.373 60.000 Lactobacillus hilgardii X1B/ 418 Q8G999
arginine deiminase

83.619 59.902 Lactobacillus sakei/arginine 409 O53088
deiminase

82.169 56.386 Bacillus cereus ATCC10987/ 410 Q73E87
arginine deiminase

ArcB 100.000 100.000 Lactococcus lactis subsp. 354 Q9K575
cremoris MG1363/ornithine
carbamoyltransferase

99.718 99.718 Lactococcus lactis subsp. 354 P0C2U1
lactis ML3/ornithine
carbamoyltransferase

100.000 99.153 Lactococcus lactis subsp. 354 P0C2U0
lactis IL1403/ornithine
carbamoyltransferase

92.733 75.000 Lactobacillus hilgardii X1B/ 344 Q8G998
ornithine carbamoyltransferase

92.582 76.261 Lactobacillus sakei/ornithine 337 O53089
carbamoyltransferase

ArcD 82.952 51.908 Lactobacillus sakei/arginine/ 478 O53092
ornithine antiporter

76.203 41.013 Clostridium perfringens/ 478 Q46170
arginine/ornithine antiporter

73.367 35.678 Clostridium perfringens/ 481 P0C217
Putative amino acid transporter
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16S rDNA Sequence Analysis
PCR amplification of 16S rDNA fragment of SC8 was carried out using primers fD1

and rD1, as described by Weisburg et al. [23]. The PCR fragment (of 1,572 bp) was cloned into
pCR2.1-TOPO and sequenced. Analysis of the DNA sequence, using FASTA programme,
revealed high similarity with 16S rDNA sequences of several strains of Lactococcus lactis
from the European Molecular Biology Laboratory (EMBL) database, as shown in table 3.
Since it has been generally accepted that 99% similarity can be used as a cutoff value for 16S
rDNA-based bacterial identification at the species level [24], on this basis, we identified SC8 as
a member of the species L. lactis.

Table 3 16S rDNA sequences of several organisms from the EMBL Database that are highly
similar to the 16S rDNA sequence of SC8 (1,502 bp in size, fD1-and rD1-binding
sites excluded).

Organism EMBL accession No. DNA size (bp) % identity

Lactococcus lactis subsp. lactis AE006456 1502 99.933
IL1403
Lactococcus lactis subsp. lactis AY626141 1502 99.867
SCC43K
Lactococcus lactis SL3 AY675242 1502 99.867
Lactococcus lactis subsp. lactis AB100803 1499* 99.933
NCDO 604T
Lactococcus lactis subsp. lactis bv. AB100805 1499* 99.933
diacetylactis ATCC 13675
Lactococcus lactis subsp. lactis bv. AB100799 1499* 99.933
diacetylactis NIAI N-7
Lactococcus lactis subsp. lactis bv. AB100801 1499* 99.933
diacetylactis NIRD DRC-2
Lactococcus lactis subsp. lactis bv. AB100800 1499* 99.933
diacetylactis NIRD DRC-1
Lactococcus lactis SL1 AY675241 1502 99.800
Lactococcus lactis subsp. lactis AB100795 1499* 99.867
NIAI 527
Lactococcus lactis subsp. cremoris AM406671 1502 99.268
MG1363

Note: * Partial sequence; no gap was added upon the analysis.
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Identification of SC8 Based on gadB Gene Fragment
Lactococcus lactis SC8 was further identified at the subspecies level, based on the

method described by Nomura et al. [25]. According to this method, the 2 subspecies of Lactococcus
lactis can be distinguished by the restriction fragment length polymorphism of PCR-amplified
glutamate decarboxylase gene (gadB) fragment, in which the PCR fragment generated from L.
lactis subsp. lactis is ~600 bp in size digestible with AseI, whereas that of L. lactis subsp.
cremoris is ~560 bp without AseI restriction site (except L. lactis subsp. cremoris MG1363).

A PCR fragment was generated from SC8 chromosomal DNA using primers gadB21
and GAD7. The fragment was 564 bp in size, and AseI site was not presence in the fragment
(Figure 2). These results concurred with the characteristics of L. lactis subsp. cremoris (Table
4), therefore suggesting that isolate SC8 is probably a member of L. lactis subsp. cremoris.

In addition, the DNA sequence was translated, and the amino acid sequence there of
was compared against the Swiss-Prot Protein Sequence Database using Fasta3 programme. It was
found that the translated sequence showed high similarity with the sequences of several glutamate
decarboxylase enzymes from the database (data not shown), the highest being with the enzymes
from L. lactis subsp. cremoris MG1363 (Swiss-Prot accession number O30418) (94.915%
similarity, 89.831% identity) and L. lactis subsp. lactis IL1403 (Swiss-Prot accession number
Q9CG20) (94.915% similarity, 86.441% identity), respectively.

   1 CGTTATGGATTTGATGGATATAAAGCTATTCATGAGAGAACGCATAAAGTAGCCATGTAT 
                                I  H  E  R  T  H  K  V  A  M  Y  

  61 TTAGCAGAAGAAATTGAAAAAACAGGAATGTTTGAGATTATGAACGATTGGTCACAATTG 
     L  A  E  E  I  E  K  T  G  M  F  E  I  M  N  D  W  S  Q  L 

 121 CCAATTGTCTGCTACAAATTAAAAGAAAATTCAAATCTTGGTTGGAATCTTTATGATTTG 
     P  I  V  C  Y  K  L  K  E  N  S  N  L  G  W  N  L  Y  D  L 

 181 GCAGATCGTTTATTTAATGAAGGGATGGCAAGTGCCTGCTTATCCACTTCCTAAAAATTT 
     A  D  R  L  F  N  E  G  M  A  S  A  C  L  S  T  S  * 

 241 GGAAAATGAAATCATTCAACGTTTAGTAATTCGAGCAGATTTCGGGATGAATATGGCATT 
 301 TAACTATGTTCAAGATATACAAGAAGCAATTGATGCACTAAACAAGGCTCATATTCTATT 
 361 TCATCAGGAACCTGAAAATAAAACATATGGCTTTACTCACTAAAAATAAAAGCGATATAT 
 421 CTTAGATATATCGCTTTTATTTTATTTTAAGCTATTTACTAATTAGCTTATCGCCTATTC 
 481 TTTTCATAGTATTTATCCAAAATTTCCATTTTTAAAGGAGTAATTTTAGATAGAGGGGCT 
 541 GTTAAACTTGTTCTTAAGAAGAGT 

Figure 2 The 564 bp PCR-amplified gadB fragment of SC8 and its predicted amino acid
sequence. Binding sites for primers gadB21 and GAD7 at the beginning and the end
of the sequence, respectively, are underlined. The location where the presence or
absence of AseI restriction site (ATTAAT) is determined, is double underlined.
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Table 4 Comparison of gadB fragments from different subspecies of L. lactis

gadB fragment size
Organism

~ 600 bp ~ 560 bp
Digestion with AseI Reference

L. lactis subsp. lactis
ATCC 9936 + - + [25]
ATCC 19435 + - + [25]
IL1403 + - + [25]
NIAI 527 + - + [25]

L. lactis subsp. lactis bv. diacetylactis
ATCC 13675 + - + [25]
DRC1 + - + [25]
NIAI 01-7 + - + [25]

L. lactis subsp. cremoris
ATCC 19257 - + - [25]
H-61 - + - [25]
HP - + - [25]
MG1363 - + + [25]

L. lactis SC8 - + - This study

DNA Sequence Accession Numbers
The DNA sequences reported in this article have been submitted to the EMBL

database, and have been assigned the following accession numbers: ADI gene cluster, AM944596;
16S rDNA, AM944595; and gadB fragment, AM944594.

Conclusions and Discussion
Previously, a PCR-amplified DNA fragment was generated from a commercial strain

of LAB, designated SC8. The PCR fragment was suggested to contain an internal fragment of
arginine deiminase gene, as its sequence showed high similarity with the gene from several
bacteria from the EMBL database [16]. Since the PCR fragment was 99.786% identical to
arginine deiminase gene from Lactococcus lactis subsp. cremoris MG1363 [11], 2 sets of
primers were designed from the gene sequence of L. lactis subsp. cremoris MG1363 (EMBL
accession number AJ250129) for PCR amplification of putative arginine deiminase gene and
its downstream region from SC8. Two DNA fragments generated by the PCRs were cloned and
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sequenced. The DNA sequences were assembled, and a total of 4,149 bp of DNA sequence was
accomplished. Analysis of the 4,149 bp DNA sequence revealed 3 open reading frames, namely
arcA, arcB and arcD (partial), respectively.

Predicted amino acid sequence of arcA (designated ArcA) showed high similarity
with arginine deiminase enzyme from several bacteria, particularly those of L. lactis subsp.
cremoris MG1363 (99.756% similarity, 99.512% identity) and L. lactis subsp. lactis IL1403
(99.268% similarity, 98.537% identity). This result strongly suggested that arcA is a putative
arginine deiminase gene.

Translated sequence of arcB (designated ArcB) showed 100% identity to ornithine
carbamoyltransferase from L. lactis subsp. cremoris MG1363, the function of which had already
been established [11]. In addition, an aspartate and ornithine carbamoyltransferase signature
(FAKTSTRT) was also found on the sequence. Therefore, it can be concluded that arcB encodes
an ornithine carbamoyltransferase gene.

The presence of a putative promoter upstream from arcA and the absence of a
putative promoter upstream from arcB suggest that arcA and arcB may be co-transcribed.
In addition, it was suggested that in Gram-positive bacteria Cre sequence may be part of a global
catabolite repression system, in which a repressor, activated by the presence of glucose or other
readily metabolized carbohydrates, would bind to the Cre region and block the transcription [21].
Therefore, the presence of a Cre sequence in the vicinity of the promoter suggests that
transcription of arcAB may be repressed in the presence of glucose. In Gram-positive bacteria,
arginine repressor was reported to have 2 functions: as a repressor for arginine biosynthetic
enzymes and an activator for the catabolic enzymes [22]. In Bacillus licheniformis, an Arg
box sequence was identified upstream from the arc promoter, and it was demonstrated that
arginine repressor binds to the Arg box in the presence of arginine [26]. Therefore, the presence
of an Arg box upstream from the promoter suggests that an arginine regulator protein may play
a role in transcription activation of arcAB in the presence of arginine. This finding is consistent
with the study of Crow and Thomas [1] which reported that arginine deiminase and ornithine
transcarbamylase activities of L. lactis can be induced by glucose limitation, and by the presence
of arginine.

Predicted amino acid sequence of arcD (designated ArcD) showed high similarity
with arginine/ornithine antiporters from Lactobacillus sakei and Clostridium perfringens,
with 82.952% and 76.203% similarity, respectively. At the DNA level, however, arcD sequence
shows over 94% identity to arginine/ornithine antiporter genes from several L. lactis (data not
shown). These results strongly suggested that arcD is a putative arginine/ornithine antiporter
gene.
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SC8 was identified as a member of L. lactis based on 16S rDNA sequence analysis.
It is interesting to note that 16S rDNA sequence of SC8 was highly similar to those of L.
lactis subsp. lactis compared with those of L. lactis subsp. cremoris, and SC8, being able to
utilize arginine [16], would traditionally have been identified as L. lactis subsp. lactis [7].
However, bacterial identification at the subspecies level based on 16S rDNA divergence has
not been established, and, according to the restriction fragment length polymorphism of PCR-
amplified gadB fragment, SC8 showed characteristics of L. lactis subsp. cremoris, rather than
those of L. lactis subsp. lactis. Therefore, at this stage, we were inclined to conclude that SC8
is a member of L. lactis subsp. cremoris. Similarly, L. lactis MG1363, an Arg+ strain, was
initially identified as L. lactis subsp. lactis. However, it was later found that, on the basis of
DNA homology, this stain is closely related to L. lactis subsp. cremoris rather than L. lactis
subsp. lactis, and, therefore, it was reclassified as L. lactis subsp. cremoris [27].
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