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ABSTRACT 

JESSE REEVES 

SEQUENCING AND CHARACTERIZATION OF THREE PLASMIDS FROM 
HELICOBACTER PYLORI STRAIN AL236 

MAY2010 

Helicobacter pylori, a microaerophilic, spiral-shaped, Gram negative bacterium is 

a gastrointestinal pathogen. Plasmids from H. pylori are currently being sequenced and 

characterized in our laboratory to determine their role in H pylori. A previous study 

indicated unexpectedly that H pylori strain AL236 might contain three separate plasmid 

species. This observation was based on the insertion of the EZ-Tn5™ <R6Kyori/KAN-

2> transposon into the total AL236 plasmid DNA, which yielded recombinant plasmids 

pAL236-2, pAL236-5, and pAL236-1 l. In this study, all three plasmids were sequenced 

and characterized. 

Utilizing forward and reverse primers specific for the EZ-Tn5™ <R6K -yori/KAN-

. 2> transposon, initial plasmid DNA sequence was obtained. To determine the remaining 

DNA sequences, unlabeled M13 forward and reverse tailing primers were designed for 

each recombinant plasmid and utilized to produce PCR products containing M13 primer 

sites. Sequencing of these PCR products provided the remaining DNA sequence for each 

plasmid from strain AL236. Results indicated that pAL236-2 is 1448 bp, pAL236-5 is 

1216 bp, and pAL236-l l is 3148 bp. 
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Each plasmid sequence was submitted to BLAST at NCBI, and was reported to 

have identity with other H pylori plasmids. Results also indicated the replication 

proteins of plasmid pAL236-2 and pAL236-5 had identity with H pylori plasmids that 

replicate via the rolling-circle mechanism. For plasmid pAL236-l l, results indicated the 

replication protein, RepB, had identity with H pylori plasmids that replicate via the theta 

mechanism. Computer analysis of the plasmid sequences was used to determine open 

reading frames (ORF), promoter, and ribosomal binding sites (RBS). 

Phylogenetic trees were constructed through ClustalW2 of known H pylori 

plasmid replication proteins. Results showed the existence of three classes of H pylori 

replication proteins which included RepA, RepB, and RepH. Both RepA and RepB are 

involved with theta replication while RepH is involved with rolling-circle replication. 
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CHAPTER I 

INTRODUCTION 

In 1979 Dr. Robin Warren observed curved bacteria in gastric biopsy specimens 

submitted for histological examination (Warren and Marshall, 1983). Dr. Barry 

Marshall became interested in Dr. Warren's observations and together they utilized 

methods for the isolation of the organism based on the growth requirements of 

Campylobacter species (Marshall and Warren, 1984 ). The isolated organism was 

identified as a new Campylobacter species and given the name C. pylori. Further 

analysis based on the sequencing of 16S rRNA genes, enzymatic activities, fatty acid 

profiles, growth characteristics, nucleic acid hybridization profiles, and the observation 

that C. pylori was urease positive, unlike the other Campylobacter species, provided 

evidence that C. pylori belonged in a different genus (Goodwin et al., 1989; Paster et al., 

1991; Vandamme et al., 1991). As a result, C. pylori was placed in a new genus, 

Helicobacter, and renamed Helicobacter pylori (Goodwin et al., 1989). Many historical 

aspects of Helicobacter pylori have been reviewed (Versalovic et al., 2001 ). 

H pylori, a Gram negative, motile, microaerophilic, spiral-shaped bacterium 

colonizes the human stomach (Dunn et al., 1997; Karianne et al., 2005). With over 20 

years of research since Warren and Marshall first reported H pylori in 1983, no reservoir 

has been identified except the human stomach and little is known about the modes of 

transmission or how this organism is spread (Dunn et al., 1997; Schwarz et al., 2008). 



Research indicates that 50% of the population is colonized with H pylori worldwide 

(Torres et al., 2000). Various reports show that infection with H pylori can vary 

according to geographic areas, socioeconomic status, and can persist for a lifetime of the 

host despite immune and inflammatory responses, turnover of the gastric epithelial cells 

and the overlying mucus layer where H pylori is found (Brown, 2000; Blaser et al., 

2001; Kersulyte et al., 2004; Kusters et al., 2006). Indeed, infection with H. pylori is 

higher in underdeveloped than in developed countries (Dubois, 1995; Dunn et al., 1997; 

Brown, 2000; Schwartz et al., 2008). Even though the exact route of H pylori 

transmission is not clear, there have been reports of a possible link between direct person­

to-person transmission by either the fecal-oral or oral-oral routes or both (Dubois, 1995; 

Dunn et al., 1997; Brown, 2000; Kusters et al., 2006; Schwarz et al., 2008). 

H pylori infection has been linked to gastritis, duodenal and gastric ulcers, and to 

certain types of gastric cancers, including gastric adenocarcinoma and mucosa-associated 

lymphoid tissue (MALT) lymphoma (Dubois, 1995; Chalker et al., 2001 ). H pylori 

utilizes a variety of virulence factors including urease production, vacuolating .97totoxin 

A (VacA), £)'totoxin-£!ssociated gene (CagA), and the cag pathogenicity island (cag PAI) 

to induce gastric inflammation, disruption of the gastric mucosa} barrier, and alter gastric 

homeostasis (Dunn et al., 1997; Selbach et al., 2002). These virulence factors also 

include motility utilizing four to six sheathed flagella allowing H pylori to penetrate the 

gastric mucosa and colonize the gastric epithelium during infection (Karianne et al., 

2005). H pylori encode several chemoreceptors which sense environmental conditions 

to direct the movement of the flagella. Motility and chemotaxis are believed to be 
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necessary for H pylori during the initial stages of infection. H pylori cells produce large 

quantities of urease which hydrolyzes urea to produce ammonia and carbon dioxide. 

Ammonia raises the pH around each cell allowing H pylori to survive in the acidic 

environment of the stomach (Fan et al., 2000). 

Integrated into the H pylori genome is the 40-kb cag pathogenicity island ( cag 

PAI), containing 27 to 31 genes (Couturier et al., 2006). The first identified protein from 

the cag PAI is encoded by a gene called the 91:otoxin-~ssociated gene (cagA) (Oliveira et 

al., 2003). Further studies of CagA showed that H. pylori translocates the CagA protein 

into cultured human gastric epithelial cells (AGS) utilizing the type IV secretion system 

encoded by other genes of the cag PAI (Higashi et al., 2002). Once inside, CagA protein 

is tyrosine phosphorylated and involved with several signal transduction pathways 

leading to changes in structure, function, and morphology of the AGS cells (Bourzac et 

al., 2007). 

Another important virulence factor thought to be involved in generating gastric 

epithelial damage is the vacuolating cytotoxin A (VacA). VacA toxin is initially 

translated as a 140 kDa protein, and later modified into an 87 kDa secreted toxin (Nguyen 

et al., 200 I). This toxin reaches the plasma cell membrane and forms channels that are 

subsequently endocytosed and sent to the late endosomes (Gauthier et al., 2005). VacA 

exerts its action in the cytoplasm of AGS cells, inducing the formation of large 

cytoplasmic vacuoles (Terebiznik et al., 2006). These vacuoles grow in size to fill the 

entire cytosol, eventually leading to the death of cells by apoptosis (Cover et al., 2003). 
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Even though CagA is frequently coexpressed with VacA, vacA gene expression is 

independent of expression of the cagA gene, which has led to dividing H pylori isolates 

into type I or type II strains (Censini et al., 1996). Type I strains, associated with a more 

aggressive course of infection, contain the cag PAI, CagA and functional VacA (Nilsson 

et al., 2003). Type II strains lack CagA, carry a nontoxic form of VacA, and are regarded 

as less virulent (Nilsson et al., 2003 ). Strains of H pylori containing the cag PAI mark 

an important event in the evolution of this bacterium by allowing the organism to become 

more virulent compared to other organisms in this genus (Censini et al., 1996). 

H pylori strains from around the world are very diverse genetically (Kersulyte et 

al., 1998; Blaser et al., 2001; Israel, et al., 2001; Kersulyte et al., 2002; Kersulyte et al., 

2004; Kalia et al., 2004). Sources for this diversity include point mutations, substitutions 

and deletions, chromosomal inversions, recombination, and plasmids (Kleanthous et al., 

1991; Tomb et al., 1997; Alm et al., 1999; Kersulyte et al., 1998; Blaser et al., 2001 ). 

Another possible source for the diversity of this organism could be the result of 

adaptation by H pylori within a host during years of infection and horizontal gene 

transfer (Suerbaum et al., 1998; Kersulyte et al., 1999; Blaser et al., 2004 ). Insertion 

sequences (IS) have been implicated in contributing to the diversity of H pylori 

(Kersulyte et al., 1998; Kersulyte et al., 2000; Kersulyte et al., 2002; Kersulyte et al., 

2004; Kalia et al., 2004). These IS elements are transposable DNA segments that can 

randomly insert into genomic or plasmid DNA. Several IS elements are found in H 

pylori strains and plasmids in single or multiple copies. So far there have been five IS 

elements identified in H pylori. These include: IS605 (Kersulyte et al., 1998), IS606 
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(Kersulyte et al., 1998), 1S607 (Kersulyte et al., 2000), ISHp608 (Kersulyte et al., 2002), 

and ISHp609 (Kersulyte et al., 2004). 

Four complete H pylori genome sequences have been reported: 199 (Alm et al., 

1999); 26695 (Tomb et al., .1997); HPAG 1 (Oh et al, 2006); and 027 (Baltrus et al., 

2009). Although H pylori was believed to exhibit a large degree of genomic and allelic 

diversity, each of these genomes appear to be similar in size, gene composition, predicted 

proteomes ( set of proteins encoded by the genomes) and appear to have a similar GC % 

between 38-39% (Tomb et al., 1997; Alm et al., 1999; Oh et al, 2006; Baltrus et al., 

2009). Additional unpublished genomes of H pylori include strains P12 (NC_0l 1498); 

Shi470 (NC_010698); B128 (NZ_ABSY00000000); HPKX_ 438_AG0C1 

(NZ_AB1O00000000); and HPKX_ 438_CA4Cl (NZ_AB1P00000000) also appear to 

have a GC % between 38-39%. Further analysis indicated 199, 26695, Shi470, B128, 

HPKX_ 438_AG0C1, and HPKX_ 438_CA4Cl do not carry a plasmid. However, strains 

HPAGl, 027, and Pl2 each carry a plasmid, pHPAGl, pHPG27, pHPP12 (unpublished, 

NC_0l 1499) respectively (Oh et al, 2006; Baltrus et al., 2009). 

Approximately eighty-five percent of H pylori strains carry a plasmid with sizes 

ranging from 1.8 to 40 kilobase pairs (kbp) (Minnis et al., 1995). Plasmids are double­

stranded circular DNA molecules that replicate independently of the chromosomal DNA. 

Several H pylori plasmids have been sequenced and characterized: pAL202 (Rickets, 

2004); pAL226 (Khatun, 2005); pHPM8 (Quinones, 2000); pHPMl 79 (Qasem, 1995; 

Taylor, 1997); pHPMl 80 (Minnis et al., 1995); pHPMl 85 (Liu, 1998; Gao, 1999); 

pHPMl 86 (Burnham, 1998); pHel 1 (Heuermann et al., 1995); pHel4 (Hofreuter et al., 
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2002); pHel5 (Hofreuter et al., 2002); pHP69 (unpublished, NC_0l0884); pHP666 

(unpublished, NC_ 0 10932); pHPAG 1 (Oh et al., 2006); pHPG27 (Baltrus et al., 2009); 

pHPP12 (unpublished, NC_011499); pHPSI (De Ungria et al., 1999); pHP51 (Song et 

al., 2003 ); pHPO 100 (unpublished, AFO56496); pKU701 (Hosaka et al., 2002); pHP489 

(Song et al., 2003); and pHPK.255 (Kleanthous et al., 1991). The specific role(s) of 

plasmids in H pylori has not been identified. Accession numbers and references of the 

plasmids cited in this study are discussed later. 

Plasmids from H pylori vary from strain to strain. These variations include size, 

gene content, and restriction digestion profiles (Rickets, 2004; Khatun, 2005). The only 

gene that seems to be conserved among all of these plasmids is the replication (rep) gene 

that produces the replication (Rep) protein that is necessary for plasmid replication. The 

majority of plasmids from H pylori replicate by the theta mechanism. Theta replicons 

include: pAL202; pAL226; pHPM8; pHPM179; pHPM180; pHPM185; pHPM186; 

pMCUl through pMCU7; pHell; pHel4; pHel5; pHP69; pHP666; pHAG 1; pHPG27; 

pHPP12; pHPSl; pHP51; pHPOl00; and pKU701. A small portion of H pylori plasmids 

replicate by the rolling-circle mechanism, including replicons pHP489 and pHPK255. 

Based on their replication proteins, H pylori plasmids that replicate by the theta 

mechanism can be divided into two groups. The first group of plasmids replicate via the 

RepA protein. These plasmids include: pAL202; pAL226; pHPM8; pHPMI 79; 

pHPM180; pHPM185; pHPM186; pMCUl through pMCU7; pHell; pHel4; pHel5; 

pHP69; pHP666; pHAGl; pHPG27; pHPP12; and pHPSI. Plasmid pHPMl 79 can be 

divided into pHPMl 79a and pHPMl 79b as a result of pHPMl 79b missing a 1.5 kbp 
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fragment (Qasem, 1995; Taylor, 1997). However, pHPMl 79a and pHPMl 79b have the 

same RepA protein. De Ungria et al. (1998) utilized primers to obtain the middle regions 

of the repA gene for pMCUl through pMCU7. As a result, these plasmids have not been 

completely sequenced, and the RepA proteins of these plasmids are missing the N­

terminus as well as the C-terminus, but are assumed to replicate by the theta mechanism. 

The size for the RepA proteins of pMCUl through pMCU7 varies from 23.3 kDa 

to 24.5 kDa. However, plasmids: pAL202, pAL226, pHPM8, pHPMl 79, pHPM180, 

pl-IPM185, pHPM186, pHell, pHel4, pHel5, pHP69, pHP666, pHAGl, pHPG27, 

pHPP 12, and pHPS 1 have a complete Rep A protein with sizes that range from 54.5 kDa 

to 64.4 kDa. Regardless of the size of these RepA proteins they all show a strong 

conserved middle region while the amino acid sequences vary at the N-terminus and C­

terminus (Rickets, 2004). A unique plasmid in this group is pHPAG 1 that has two repA 

genes that each encodes a RepA protein (Oh et al., 2006). These two proteins are not the 

same sequence and vary in size from 59.8 kDA to 64.4 kDa. 

Another common feature of the theta replicons with RepA is a repeat sequence 

that is found upstream of the repA gene called the iterons where RepA binds to initiate 

plasmid replication. These iterons (Rl) of pAL202, pAL226, pHPM8, pHPMl 79, 

pHPM180, pHPM185, pHPM186, pHeLl, pHel4, pHel5, pHP69, pHP666, pHPP12, and 

pHPS 1 consist of four 22 base pair (hp) tandem direct repeat sequences. The only 

exception of this is found on pHPG27 which has four 23 hp tandem repeat sequences that 

are similar to other RI sequences. Plasmid pHPAGI has a complete set of the RI region 

for one of the repA genes that encodes RepA identified as ORF (P003). However for the 
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second repA gene that encodes RepA identified as ORF (P00 1 ), the R 1 region consists of 

only three 22 bp tandem repeat sequences. 

The second group of plasmids that replicate by the theta mechanism include 

plasmids pHPSl, pHP51, pHPOl00, and pKU701 that replicate via the RepB protein. 

One plasmid in this group is pHPO 100 which has a replication protein identified as 

RepA. However, it appears this protein shares more identity with the RepB proteins than 

with the RepA proteins (this study). Besides pHPOIO0, the other plasmids have a repB 

gene which encodes the RepB protein involved with plasmid replication. The repB gene 

for H pylori plasmids was first described for pHPS 1 which has both repA and repB genes 

(De Ungria et al., 1999). The sizes for RepB of pHPSl, pHP51, pKU701, and RepA of 

pHPOl00 vary from 35.6 kDa to 51.3 kDa. 

A common feature of the RepB theta replicons is an iteron sequence that is found 

upstream of the repB gene. The iterons for RepB are referred to as R3 (De Ungria et al., 

1999 and Hosaka et al., 2002). Like R 1, the R3 iterons are believed to be the binding site 

of RepB protein for initiation of plasmid replication. Song et al. (2003) identified the 

iteron region ofpHP51 as Rl; however, the Rt of pHP51 appears to be more similar to 

R3 iterons than the Rl iterons found with plasmids that replicate via RepA, with the 

exception being pHPOl00 (this study). The R3 iterons ofpKU701 and pHPSl consist of 

a 3.5 time 33 bp direct tandem repeat. While plasmid pHP51 Rl iteron region consists of 

a 4 time 27 bp repeat with 5 hp spacer sequence between each repeat. Lastly, the R3 

iterons ofpHPOIO0 consists of a 3.5 time 21 hp repeat with 11-12 bp spacer sequences 

between each repeat. 
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All the H. pylori plasmids that utilize theta mechanism have areas of interest that 

can be found on some but not all of these plasmids. Plasmids pHPM8, pHPM 180, 

pHPM185, pAL202, pAL226, pHPOlO0, pHel4, pHPSl, pHP51, pMCUl, pMCU2, 

pMCU4, pMCU5, pHP666, pHP69, pHPAGl, pHPG27, and pHPP12 contain a 

conserved protein termed ORF2. The orfl gene is positioned downstream of the rep gene 

ofpHPM8, pHPM180, pHPM185, pAL202, pAL226, pHPOl00, pHel4, pHPSl, pHP51, 

pHP666, pHP69, pHPAGl, pHPG27, and pHPP12. The orfl sequences ofpMCUl, 

pMCU2, pMCU4, and pMCU5 were obtained using primers (De Ungria et al. 1998) like 

the repA gene ofpMCUl through pMCU7. 

Each of these ORF2 proteins with the exception of pHPSl contains a conserved 

domain HPFXXGNG found with proteins that are members of the cAMP-induced 

filamentation (fie) gene (Utsumi et al., 1982; Komano et al., 1991). De Ungria et al. 

(1999) stated that ORF2 had 95% and 88% identity to the ORF2 ofpHPM180 and 

pHPO 100 respectively; however they also mention that a 99-bp sequence found in 

pHPM 180 and pHPO 100 is missing from pHPS 1. The missing region of pHPS 1 

included the HPFXXGNG conserved domain that is found with the other ORF2 proteins 

of H. pylori plasmids (this study). Entering ORF2 of pHPSl into BlastP (Altschul et al., 

1997 and Altschul et al., 2005) through NCBI revealed ORF2 of pHPS 1 did have a 

conserved domain (COG3177) which includes members of the Fie family of proteins 

(Marchler-Bauer et al., 2004 and Marchler-Bauer et al., 2009). 

Both the Fie family of proteins and cAMP are involved in cell division via the 

synthesis of folate in Escherichia coli (Utsumi et al., 1982; Komano et al., 1991 ). Some 
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suggestions have been made for the possible role of ORF2 in H pylori plasmids. De 

Ungria et al. ( 1999) suggested that ORF2 might be involved with recombination while 

Quinones, (2000) suggested that ORF2 might be associated with replication of the 

plasmids or control of copy number of plasmids in H pylori. 

Also included in some but not all of theta replicons of H pylori are repeat regions 

termed R2, first identified in pHPM 180 (Minnis et al., 1995). Minnis et al. ( 1995) 

defined R2 as a two time 232 bp direct repeat separated by 36 bp. Examples of plasmids 

that have been identified as having partial or complete R2 repeats include pAL202, 

pAL226, pHel4, pHel5, pHPM180, pHP51, pHPSl, pHPP12 and pHPAGl. For plasmids 

pHPP12 and pHPAGl the potential R2 repeats were identified in this study. The exact 

role of the R2 has been suggested to be involved with plasmid recombination events 

(Minnis et al., 1995; Hofreuter et al., 2002). 

Besides R2 there was an additional repeat region first observed in pHel4 and 

pHel5 and was termed R4 (Hofreuter et al., 2002). R4 repeats are defined as 36 bp 

located at the 3' end of the repA gene with another copy separated by 1. 7 kb from the 

first R4. Not all the plasmids contain two copies of R4 like pHel4; however there are 

plasmids that only have one R4 at the 3' end of the repA gene. Examples of plasmids 

that have been identified with complete or partial R4 repeats include pHel 1, pHel5, 

pAL202, pAL226, pHPM180, pHPM186. Like the R2 repeats the exact role of the R4 

repeats is suggested to have involvement with plasmid recombination events (Hofreuter 

et al., 2002). 
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As stated previously, many H pylori strains contain one or more copies or partial 

copies of insertion sequences (IS) IS605, IS606, IS607, ISHp608, and ISHp609. These 

IS sequences are not only found on the genomes of H pylori but also on some of the H 

pylori plasmids that replicate by the theta mechanism as well. H pylori plasmids that 

have partial or whole insertion sequences, and chromosomal DNA include pHPM8, 

pHPM 179, pHPM 180, pHPM 185, pHP 186, pAL202, pAL226, pHel 1, pHel4, pHel5, 

pKU701, pHPS 1, pKU701, and pHP5 l. As a result, insertion sequences could be the 

result of recombination events between plasmid and genome DNA of H pylori or the 

transfer of DNA between strains (Alm et al., 1999). 

Besides theta replication another type of replication known as rolling-circle (RC) 

replication does exists in H pylori plasmids. Plasmid pHPK255 was the first identified 

H pylori plasmid that replicates by the RC mechanism that is common for plasmids in 

Gram positive bacteria (Kleanthous et al., 1991). Unlike the plasmids that replicate by 

the theta mechanism, this plasmid also does not contain ORF2, Rl, R2, R3, R4, and does 

not contain any insertion sequences. Even the replication protein is not the same as the 

plasmids that replicate by the theta mechanism. Instead, pHPK255 has a single open 

reading frame (ORF) that encodes a Rep protein that is 216 amino acids (aa) or 25.5 kDa. 

This Rep protein is called a "replication-initiation protein homo log", not RepA or RepB. 

Instead of iteron sequences, like Rl and R3, pHPK255 contains inverted repeats 

that have the ability to form hairpin-like structures that contain a plus ( +) origin of 

replication known as the gouble-~tranded Qrigin (DSO) that contains a nick site involved 

with leading strand synthesis. Located downstream of this hairpin-like structure are two 
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7 bp direct repeats which are possibly involved with binding the Rep protein. When the 

hairpin-like structure is formed the nick site protrudes from the stem, allowing the Rep 

protein to nick the ( +) strand to initiate plasmid replication. Another origin of replication 

called the minus origin of replication (ori (-)) known as a ~ingle-~tranded Qrigin (SSO) is 

also found in pHPK255 involved with lagging strand synthesis. To form this origin, 

imperfect inverted palindromes form another hairpin-like structure. Near the top of this 

structure is a consensus signal sequence. Upstream of the signal sequence are two 9 bp 

repeated sequences which may allow attachment of host cofactors for the conversion of 

single stranded DNA (ssDNA) to double stranded DNA (dsDNA), thereby completing 

one round of replication. 

Lastly, plasmid pHP489 is another H pylori plasmid that has one ORF, a Dna-A 

binding site, one direct repeat, and three inverted repeats (Song et al., 2003). Like 

pHPK255 this plasmid does not contain ORF2, Rl, R2, R3, R4, or insertion sequences. 

Plasmid pHP489 does contain two 57 bp repeats identified as iterons (Song et al., 2003). 

However, it appears that these iterons are not the same as Rl and R3 found with theta 

replicons from H pylori. 

The ORF in pHP489 encodes the replication protein that is not RepA or RepB. 

However, it does share 57% identity to the Rep protein of pHPK255. Song et al. (2003) 

named this protein RepH where the H stands for He/icobacter and consists of 239 aa or 

28.0 kDa. This protein contained two of the three conserved motifs present in the Rep 

proteins of plasmids that replicate by the rolling circle mechanism. Besides RepH, no 

other evidence was available to indicate that pHP489 replicated by the rolling circle 

12 



mechanism. Of particular interest is the observation that mutational studies of the RepH 

protein revealed that RepH is not required for replication in H pylori strain 489 (Song et 

al., 2003). The exact role of RepH is not clear, although Song et al. (2003) suggested 

that other genomic proteins may be involved with the replication of this plasmid. 

Our lab characterizes H pylori plasmids in order to determine their potential role 

in H pylori. The initial 15 strains of H pylori came from patients at the Dallas VA 

Medical Center. DNA restriction analysis of these plasmids indicated that 12 strains 

carried a single plasmid. Sequence analysis of these plasmids showed the presence of a 

repA gene that could regulate theta type replication. Since the characterized strains were 

obtained from patients in the same geographical area (Dallas/North Texas), another set of 

strains from a different geographical location were obtained from Ors D. Berg and A. J. 

Parkinson. These strains were isolated from Alaskan Indians, presumably from persons 

with no contact with the Dallas patients. North Texas plasmids that have been 

sequenced and characterized include: pHPM8, pHPMl 79, pHPMl 80, pHPMl 85, and 

pHPM186. Alaskan plasmids that have been sequenced and characterized include 

pAL202, pAL226, and pAL236. Strain AL236, was initially screened by Dr. I. Rickets 

using the EZ-Tn5™ <R6Kyori/KAN-2> insertion kit (Rickets, 2004). Her results 

indicated a possibility that AL236 contained three separate plasmids. These plasmids 

containing the <R6Kyori/KAN-2> transposon, were identified as pAL236-2; pAL236-5; 

and pAL236-11 (Rickets, 2004). 
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OBJECTIVES OF THIS STUDY: 

1. Determine the DNA sequence of pAL236-2, pAL236-5, and pAL236- l 1 isolated 

from H pylori strain AL236 and include analysis of open reading frames (ORFs), 

ribosome binding sites (RBS), and promoter sequences; 

2. Compare the sequences of pAL236-2, pAL236-5, and pAL236-11 with other H 

pylori plasmids to determine gene products that may indicate geographical 

differences among H. pylori isolates. 
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MATERIALS 

CHAPTER II 

MATERIALS AND METHODS 

Bacterial Strains and Plasmids 

H pylori strain AL236 was isolated from an Alaskan Indian. Strain AL236 along 

with other Alaskan strains of H pylori were provided by Douglas E. Berg, Washington 

University School of Medicine, St. Louis, MO, and Alan J. Parkinson, Centers for 

Disease Control and Prevention, Anchorage, AK (Rickets, 2004). AL236 was stored by 

Rickets at -80°C in freezer medium consisting of trypticase soy broth (Difeo), containing 

25% glycerol (Sigma) and 10% horse serum (Sigma). Rickets cultured the AL236 cells 

at 3 7°C, under microaerophilic conditions, 5-10% CO2 on brain heart infusion medium 

(Difeo), supplemented with 10% horse serum. 

The EZ-Tn5™ <R6Kyori/KAN-2> transposon (EPICENTRE®) was randomly 

inserted into plasmid DNA from AL236 by Rickets. Her results revealed the presence of 

three KanR recombinant plasmids, pAL236-2, pAL236-5, and pAL236-11 (Rickets, 

2004 ). Each recombinant plasmid had been transformed into Escherichia coli pir + (low 

copy number) cells. The genotype of the pir + cells is F mer A, ~(mrr-hsdRMA-mcrBC), 

cp80/acZ~M15, MacX74, recAI, endAl, araaraDI39, ~(ara, leu)7697, ga!U, ga!K, 'A.-, 

rpsL(Strr), nupG, pir +. The pir gene product (1t protein) is needed for replication of 

vectors containing R6K yori by controlling the copy number of plasmids. Transformants 
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containing the recombinant plasmids pAL236-2, pAL236-5, and pAL236-l l used in this 

study were obtained from Rickets. After transformation each of the E. coli cells 

containing the individual recombinant plasmids were stored by Rickets at -80°C with 

Protect™ Bacterial Preservers (Key Scientific Products). 

Additional H pylori plasmid DNA sequences were obtained from our lab data 

and from NCBI database (http://www.ncbi.nlm.nih.gov/). These plasmids are shown in 

Table 1. 

Media 

Luria-Bertani (LB) medium (Bio 101 systems) was prepared according to the 

manufacturer's recommendations. Transformants were grown on LB medium 

supplemented with 1.5% agar (Difeo) and kanamycin sulfate (Amresco) at a final 

concentration of 50 µg/ml. E. coli strains containing the recombinant plasmids pAL236-

2, pAL236-5, and pAL236-11 were stored at -80°C with CryoCare™ Bacterial Preservers 

(Key Scientific). 

Buffers and Reagents 

The buffers and reagents were: 5X and IX Tris-Borate-EDT A (TBE) (Sigma); 

70% and 95% ethanol (Fisher); I 00% isopropanol (Fisher); urea (Amresco ); agarose 

(SeaKem® GTG); ethidium bromide at 10 mg/ml (Sigma); Long Ranger® gel solution 

(Cambrex); ammonium persulfate (Amresco), kanamycin sulfate (Amresco); 10% acetic 

acid (Fisher), silane stock [0.5 ml y-methacryloxypropyltri-methoxysilane (Sigma), in 

100 ml of 100% ethanol], TEMED (N,N,N'N'-tetramethylethylenediamine) (Amresco); 
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Table 1. Accession Numbers and/or References of H pylori Plasmids and Strains 
Cited in this Study. *Chromosomal DNA 

Plasmid or Chromosome 
pHPM8 
pHPM179 
pHPM180 
pHPM185 
pHPM186 
pAL202 
pAL226 
pHP0l00 
pHeil 
pHel4 
pHel5 
pHPSl 
pHP51 
pHPG27 
pHPK255 
pHPP12 
pMCUl 
pMCU2 
pMCU3 
pMCU4 
pMCU5 
pMCU6 
pMCU7 
pHPAGl 
pHP489 
pHP666 
pHP69 
pKU701 
HPAGl* 
26695* 
199* 
G27* 
P12* 
Shi470* 
B128* 
HPKX 438 CA4Cl * - -
HPKX 438 AG0Cl* - -

Accession Number 
AF275307 

Ul2689 

AF077006 
NC 005917 
DQ239897 
AF056496 
249272 
AF469112 
AF4691 l3 
AF019894 
NC 004767 
NC 011334 
AAB21515 
NC 011499 
AF0 19895 & AF055275 
AF0 19896 & AF055274 
AF019897 
AF0l 9898 & AF055276 
AF0 19899 & AF055277 
AF019900 
AF019901 
NC 008087 
NC 001843 
NC 010932 
NC 010884 
BAC06188 
NC 008086 
NC 000915 
NC 000921 
NC 011333 
NC 011498 
NC 010698 
NZ ABSY00000000 
NZ ABJP00000000 
NZ ABJO00000000 
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Reference 
Quinones, 2000. 
Qasem, 1995. Taylor, 1997. 
Minnis et al., 1995. 
Liu, 1998. Gao, 1999. 
Burnham, 1998. 
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Heuermann et al., 1995. 
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BenchTop 1 kbp DNA ladder (Promega); tracking dye (5 ml 5X TBE, 5 ml glycerol, 0.01 

gm bromophenol blue). 

Enzymes 

Restriction endonucleases were obtained from Promega Inc. The restriction 

endonucleases and other enzymes were used with buffers provided by, and as 

recommended by, the manufacturer. 

Commercial Kits 

The kits used were: QIAGEN Plasmid Midi Kit (QIAGEN Inc.); EZ-Tn5™ 

<R6Kyori/KAN-2> transposon kit (Epicentre); Gene Amp XL PCR Kit (Applied 

Biosystems); Elu-Quik® DNA Purification Kit (Whatman); SequiTherm EXCEL™ II 

DNA Sequencing Kit-LC (EPICENTRE®). 

Primers 

Labeled primers used in initial plasmid DNA sequencing and PCR product 

sequencing were obtained from LI-COR Inc. (Table 2). Unlabeled EZ-Tn5™ 

<R6Kyori/KAN-2> transposon primers used for producing PCR products were provided 

with the EZ-Tn5™ <R6Kyori/KAN-2> transposon kit (EPICENTRE®). The computer 

program, Vector NTI® Advance™ 10 and 11 (InforMax®), was used to design M 13 tailing 

primers used in the production of PCR products that were utilized for obtaining the 

complete DNA sequence of pAL236-2, pAL236-5, and pAL236-l 1. These unlabeled 

M 13 tailing primers for producing PCR products were obtained from BioSynthesis Inc., 

Lewisville, TX. Sequences of all unlabeled primers are shown in Table 3. 
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Table 2. Primers used for DNA Sequencing. Primers used for the initial DNA sequencing 
of pAL236-2, pAL236-5, and pAL236-1 l were obtained from LI-COR Inc. and labeled 
with a 5'-IRDye® 800. Primers used for PCR product sequencing were obtained from LI­
COR Inc. The M13 Forward primer was labeled with a 5'-IRDye® 800. The Ml3 
Reverse primer was labeled with a 5' -IRDye® 700. 

Initial DNA Sequencing 
KAN-2 FP-1 Forward 

R6KAN-2 RP-1 Reverse 

PCR Sequencing 
M13 Forward 
M13 Reverse 

Primer Sequence {Labeled) 
5'-ACCT ACAACAAAGCTCTCTCA TCAACC-3' 

5'-CT ACCCTGTGGAACACCT ACA TCT-3' 

5'-CACGACGTTGTAAAAGGA-3' 
5'-GGAT AACAA TTTCACAGG-3' 
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Table 3. Unlabeled Ml3 PCR Primers that were used to Obtain M13 PCR Products. 
Each primer is underlined as either forward (F) or Reverse (R) to indicate which strand 
the primer annealed to on pAL236-2, pAL236-5, and pAL236-l l. Underlined sequences 
represent M 13 forward and reverse primer sites used for obtaining the complete DNA 
sequence of pAL236-2, pAL235-5, and pAL236- l 1. Approximate PCR product sizes are 
indicated in base pairs (bp ). Primers were obtained from either Biosynthesis, Inc.~ or 
EPICENTRE®. 

~Size 
PCR Product · Primers (Unlabeled) {hp_) 

pAL236-2 #1 f-5'-CACGACGTTGTAAAAGGACGCAAATCTCACTCGTTCAGC-3' 1000 
R-5'-CTACCCTGTGGAACACCTACATCT-3' 

pAL236-2 #2 R-5'-CACGACGTTGT AAAAGGACGCTGAACGAGTGAGA TTTGC-3' 1200 
f-5'-ACCTACAACAAAGCTCTCATCAACC-3' 

pAL236-5 #1 f-5'-CACGACGTTGTAAAAGGACCTCTAGGTGAGGGGTCGTAGT AG-3' 1000 
R-5'-CTACCCTGTGGAACACCT ACA TCT-3' 

pAL236-5 #2 R-5'-CACGACGTTGT AAAAGGACCT ACT ACGACCCCTCA CCT AGAG-3' 1000 
f-5'-ACCTACAACAAAGCTCTCATCAACC-3' 

pAL236- t 1 # l f-5'-CACGACGTTGT AAAAGGACCAAACTCATAGGGCTTGCGC-3' 1500 
R-5'-GGATAACAATTTCACAGGCGTTATTTGAGTTTCACAGC-3• 

pAL236- l 1 #2 R-5'-GGA T AA CAA TTTCACAGGGCGCAAGCCCT A TGAGTTIG-3' 1400 
f-5'-ACCTACAACAAAGCTCTCATCAACC-3' 

pAL236-11 #3 f-5'-CACGACGTTGTAAAAGGACGCTGTGAAACTCAAATAACG-3' 1500 
R-5'-CT ACCCTGTGGAACACCT ACA TCT-3' 

pAL236-1 l #4 f-5'-CACGACGTTGTAAAAGGACGGATCTCTTGGATATAGACCG-3• 1000 
R-5'-CTACCCTGTGGAACACCTACATCT-3' 

pAL236-l l #5 f-5'-CACGACGTTGT AAAAGGACGATAGCTCTTTGTTAATTCCAG-3' 800 
R-5'-GGATAACAATTTCACAGGCAATGACCAAACACACAGCC-3' 

pAL236-1 l #6 f-5'-CACGACGTTGTAAAAGGACGCGTTA TT AAGGTGAATTGTAGC-3' 1000 
R-5'-GGA T AA CAA TTTCA CAGGGTTGA TCAGT AG TGAAGTCGC-3' 

pAL236- l 1 #7 R-5'-GGAT AACAATTTCACAGGGCTCCCTT A TTT AGCCG-3' 1500 
f-5'-CACGACGTTGTAAAAGGACGCGTTATTAAGGTGAATTGTAGC-3' 

pAL236- l l #8 B-5'-GGA TAACAATTTCACAGGGGCTT ATGATGATGCTCC-3' 1100 
f-5'-CACGACGTTGTAAAAGGACGCGTT A TT AAGGTGAATTGTAGC-3' 
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Lab Equipment 

The equipment used in this study were: Spectrafuge Model 16M and 24D 

(Labnet); Beckman J2-HS centrifuge with a JS 7.5 rotor and the Beckman L8-70 

ultracentrifuge with a type 30 rotor; Falcon® 50 ml polypropylene conical tubes; 

Shimadzu UV160U spectrophotometer; GeneAmp® PCR System Model 2400 and 2700 

(Applied Biosystems); EASY-CAST™ Electrophoresis System (Owl Scientific, Inc.); 

Minne-the-Gel-Cicle™ Submarine Agarose Gel Unit (Hoefer); Gel XL Ultra™ Complete 

Compact Electrophoresis System (Labnet); RC 10.10. vacuum centrifuge (Jouan, Inc.); 

302 nm UV transluminator (VILBER LOURMAT); LI-COR Automated DNA Sequencer 

model 4300. Agarose gels were visualized using Kodak Gel Logic 100 imaging system 

with an orange filter (Tiff en 15 orange). 

Computer Programs 

Individual plasmid DNA sequences were assembled utilizing the computer 

program AlignX® and ContigExpress® features on the Vector NTI® Advance™ 10 and 

l l(lnforMax®). Vector NTI® Advance™· 10 and 11 was also utilized to design primers, 

analyze the plasmid DNA of pAL236-2, pAL236-5, and pAL236- l 1 for open reading 

frames, non-coding regions, ribosome binding sites, promoter sequences, repeat 

sequences, and GC content. Basic Local Alignment Search Tool (BLAST) algorithms 

BLASTN (Altschul et al., 1990), BLASTP (Altschul et al., 1997; Altshcul et al., 2005), 

and BLASTX (Altschul et al., 1997) by the National Center for Biotechnology 

Information database (NCBI) (http://www.ncbi.nlm.nih.gov/) were used to find identities 
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to other DNA and protein sequences in GenBank. Conserved domains of proteins were 

detected with the NCBI Conserved Domain Search (http://www.ncbi.nlm.nih.gov/ 

Structure/cdd/cdd.shtml) (Marchler-Bauer et al., 2004; Marchler-Bauer et al., 2009). 

Open reading frames were further analyzed utilizing programs available t!:1rough the 

internet through ExPASy Proteomics tools (http://us.expasy.org/): SOSUI 

(http://bp.nuap.nagoya-u.ac.jp/sosui/) (Hirokawa et al., 1998; Mitaku et al., 1999; Mitaku 

et al., 2002); ProtParam (http://us.expasy.org/tools/protparam.html) (Gasteiger et al., 

2005); and TMHMM (http://www.cbs.dtu.dk/services/TMHMM-2.0) (Tusnandy et al., 

1998; Tusnady et al., 2001 ). Global multiple sequence alignments (MSA) of replication 

(Rep) protein amino acids from H pylori plasmids was performed by the web server 

ClustalW2 (http://www.ebi.ac.uk/Tools/clustalw2/index.html) (Larkin et al., 2007). 

Phylogenetic trees were constructed as cladograms based on the average distance using 

percent identity by Jalview (Clamp et al., 2004; Waterhouse et al., 2009) based on the 

MSA performed by ClustalW2. 

METHODS 

Bacterial Strains and Plasmids 

H pylori strain AL236 was isolated from an Alaskan Indian. Rickets initially 

cultured AL236 at 37°C under microaerophilic conditions, 5-10% CO2, on brain heart 

infusion (BHI) medium (Difeo), supplemented with I 0% horse serum (Sigma). Rickets 

isolated the total plasmid DNA from AL236 and performed the initial EZ-Tn5™<R6K 

yori/KAN-2> (EPICENTRE®) transposon reaction, which yielded the three recombinant 

plasmids, pAL236-2, pAL236-5 and pAL236- l 1. 
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Transposon Reaction and Transformation 

™ ® The EZ-Tn5 <R6Kyori/KAN-2> Insertion Kit (EPICENTRE·· ) utilized by 

Rickets was used to insert the <R6Kyori/KAN-2> transposon randomly into the total 

plasmid DNA isolated from H pylori strain AL236. The transposon insertion reaction 

was prepared as recommended by the manufacturer and incubated for 2 hours at 37°C. A 

stop solution was added and the tube placed in a 70°C water bath for IO minutes and 

stored at -20°C until used. 

After the transposon reaction was completed by Rickets the EZ-Tn5 TM <R6K yoril 

KAN-2> transposon was randomly inserted into the total plasmid DNA of AL236 (Fig. 

1). Taking advantage of the EZ-TnS™ <R6Kyori/KAN-2> transposon containing the 

R6K yori, origin of replication, allowed Rickets to transform E. coli pir + cells that would 

replicate the recombinant plasmids. Transformation of E. coli pir+ cells with the 

recombinant plasmids was carried out by electroporation. After transformation Rickets 

screened and selected all transformants on either NZYM or LB agar containing 

kanamycin (50 µg/ml) by utilizing the kanamycin resistance gene present on the EZ-

Tn5 ... M <R6Kyori/KAN-2> transposon. Analysis of the transformants by Rickets revealed 

the presence of three recombinant plasmids from AL236. Each recombinant plasmid was 

named according to the isolate number of E. coli pir + cells that contained one of the 

recombinant plasmids. As a result, each recombinant plasmid was named pAL236-2, 

pAL236-5, and pAL236- l l. Rickets stored each transformant containing the 

recombinant plasmids in CryoCare TM Bacterial Preservers (Key Scientific) at -80°C. 

These plasmids were provided by Rickets and used for this study. 
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Figure 1. EZ-Tn5™ <R6K yori/KAN-2> Transposon Insertion Protocol performed by 1. 
Rickets to obtain recombinant pAL236 Plasmids. Image obtained from 
www.epicentre.com. 
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Plasmid Isolation and Purification 

Large quantities of recombinant plasmid DNA were isolated and purified utilizing 

the QIAGEN Plasmid Midi Kit (QlAGEN Inc.). Each E. coli pir+ transformant 

containing either pAL236-2, pAL236-5, and pAL236-11 were pulled from the 

CryoCare TM Bacterial Preservers and placed on separate LB agar plates containing 

kanamycin (50 µg/ml) and grown in an incubator at 37°C. The next day an individual 

colony for each E. coli pir + transformant containing the recombinant plasmid was 

inoculated into three separate 100 ml LB broth and placed in the 3 7°C incubator shaker 

overnight. 

Each I 00 ml LB broth culture was divided into two Falcon® 50 ml polypropylene 

conical tubes for a total of six tubes. Each 50 ml tube was placed in the Beckman J2-HS 

centrifuge with a JS 7.5 rotor pre-chilled to 4°C. The tubes were spun at 6000 rpm in the 

JS7.5 rotor for 15 minutes at 4°C. The supernatant was discarded and all traces of the 

supernatant were removed by inverting each tube and tapping them on paper towels. 

After centrifugation the first pellets from each of the six tubes were resuspended 

in 4 ml of P 1 resuspension buffer. The suspended solution from the first tube was 

transferred to a second 50 ml tube to resuspend the second pellet. The resuspended 

solutions were placed into a 30 type rotor tube for a total of three tubes each containing 

the transformant E. coli pir + cells that contained either pAL236-2, pAL236-5 and 

pAL236-11 recombinant plasmids. Each tube contained 4 ml of P2 lysis buffer and was 

inverted gently at 30 second intervals at room temperature for 5 minutes. Pre-chilled P3 

neutralization buffer ( 4 ml) was added to each tube, the tube was placed on ice and 
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inverted at 2-3 minute intervals for 15 minutes. The tubes were placed in the Beckman 

L8-70 ultracentrifuge with a type 30 rotor, and spun at 25K rpm at 4°C for 15 minutes. 

During centrifugation three QIAGEN tips were equilibrated by adding 4 ml of 

QBT buffer that was allO'.ved to flow through via gravity. After centrifugation was 

completed, the supernatant from each tube was added to the QIAGEN tips and allowed to 

enter the resin and flow through via gravity. The tips were washed twice with 10 ml of 

QC buffer. The plasmid DNA was eluted from the QIAGEN tip with the addition of 5 ml 

of QF buffer. Each solution containing the plasmid DNA was split into 6 

microcentrifuge tubes (833 µI/each) for a total of 18 tubes. Then 583 µl of isopropanol 

was added to each tube and vortexed to precipitate the recombinant plasmid DNA. The 

tubes were placed at 20°C overnight. 

The next day each tube was placed into the Spectrafuge 16M or 24D (Labnet) 

model microcentrifuge and spun at 14K rpm for 30 minutes. The supernatant was 

removed and placed into fresh microcentrifuge tubes. Next, 333 µl of 70% ethanol at 

room temperature was added to each microcentrifuge tube. The tubes were placed back 

into the microcentrifuge and spun at 14K rpm for 10 minutes. The supernatant was 

discarded and each pellet was allowed to air dry for 5-10 minutes. Once the pellets were 

dried, 100 ml of warm UPH2O was added to the first microcentrifuge tube of each set of 

tubes. This suspension was transferred though all six microcentrifuge tubes resuspending 

all pellets so that the .last tube would contain all recombinant plasmid DNA. Overall, 

three separate tubes each contained one of the recombinant plasmids; pAL236-2, 

pAL236-5, and pAL236- l l. The plasmid DNA concentration was determined using the 
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Shimadzu UV 160U spectrophotometer (OD260 = 50 µg/ml). Plasmid DNA was stored at 

4 ° C until used. 

Restriction Endonuclease Analysis 

The EZ-Tn5™ <R6Kyori!KAN-2> transposon contains a single BamHl restriction 

site at base pair (bp) 1939. Each restriction reaction contained restriction enzyme BamHI 

and the buffer recommended by the manufacturer. To estimate the size of pAL236-2, 

pAL236-5, and pAL236- l 1 one unit of restriction endonuclease BamHl was added to 250 

ng of each recombinant plasmid DNA, 2 µl I OX reaction buffer, and UPH2O to a final 

volume of 25 µ1. Each restriction digest was incubated overnight in a 37°C in a water 

bath. Analysis of the recombinant plasmids was performed by agarose gel 

electrophoresis as described below. 

Agarose Gel Electrophoresis 

Analysis of recombinant plasmids and M13 PCR products (described below) were 

analyzed on I% agarose gels. Agarose (SeaKem® GTG) was weighed in grams and 

added to either 40 ml or 60 ml of IX TBE (Sigma) buffer and total weight was recorded. 

The solution was heated in a microwave to dissolve the agarose. After the agarose was 

dissolved, the solution was placed back on the scale and the original volume was 

obtained by the addition of UPH2O. The liquid agarose solution was placed into a gel 

casting tray and allowed to solidify. The solidified gel was placed in a gel 

electrophoresis unit and 1 X TBE buffer was added. The electrophoresis unit was 

connected to a power supply unit and allowed to run at 20 V /cm until the tracking dye 

traveled three-fourths the length of the gel. The gels were stained with ethidium bromide 
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( 1 µg/ml) for 20-30 minutes at room temperature. Bands were visualized on the 302 nm 

UV transluminator (VILBER LOURMAT) and pictures were taken with Kodak Gel 

Logic 100 imaging system with an orange filter (Tiff en 15 orange). 

Initial DNA Sequencing 

Each recombinant plasmid pAL236-2, pAL236-5, and pAL236-11 had a single 

randomly inserted EZ-Tn5 TM <R6K yori/KAN-2> transposon. Specifically labeled EZ­

Tn5 rM <R6Kyori!KAN-2> transposon primers KAN-2 FP-1 Forward and R6KAN-2 RP-1 

Reverse (LI-COR, Inc.), shown in Table 2, were used in bi-directional sequencing to 

determine the sequence near the transposon insertion site for each of the three 

recombinant plasmids (see Fig. 1 ). Each sequencing reaction utilized the SequiTherm 

EXCEL™ II DNA Sequencing Kit-LC protocol (EPICENTRE®) and LI-COR model 

4300 Automated DNA Sequencer. 

Each PCR sequencing reaction was performed with the SequiTherm EXCEL™ II 

DNA Sequencing Kit-LC. Each recombinant plasmid was placed in a separate 

sequencing reaction master mix in a 1.5 ml microcentrifuge tube. The master mix 

contained 8.10 µl 3.5X SequiTherm EXCEL™ II Sequencing Buffer, 2.25 µl labeled 

sequencing primer (1 pmol/µl), 7.65 µl of DNA (~250 ng) plus UPH20, and 1.12 µl of 

SequiTherm EXCEL™ II DNA Polymerase for a total volume of 19.12 µI. After the 

master mix was made, 2 µl of SequiThenn EXCELTM II-LC Termination Mix A (532.5 

pmol/µl), SequiThenn EXCEL™ II-LC Termination Mix T (720 pmol/µl), SequiTherm 

EXCEL™ II-LC Termination Mix G (570 pmol/µl), and SequiTherm EXCEL™ II-LC 

Termination Mix C ( 450 pmol/µl), were each placed into separate 0.2 ml PCR reaction 
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tubes. Each SequiTherm EXCEL™ II-LC Termination Mix contained all four 

deoxynucleotides; dA TP, dCTP, dTTP, and dGTP along with the specific individual 

dideoxynucleotide; ddA TP, ddCTP, ddTTP, and ddGTP. For each 2 µI of SequiTherm 

EXCEL™ II-LC Termination Mix, 4 µI of the master mix was added to each tube for a 

final volume of 6 µI. The PCR reaction tubes were placed in the GeneAmp'ID PCR 

System 2400 or 2700 models and allowed to run for 25 cycles. PCR amplification started 

with an initial 1 min at 94°C; 25 cycles of denaturing at 94°C for I min and 30 sec, 

annealing at 55°C for I min and 30 sec, elongation at 72°C for 5 min; and held oo at 4°C. 

Next, 3.0 µI of stop solution was added to each tube for a total volume of9 µI. The tubes 

were heated in the PCR machine at 95°C for 3 min. After 3 min the PCR machine kept 

the tubes at 4 °C until the samples were ready to load into the sequencing gel. 

In preparation for sequencing each front plate and back plate was washed with 

100% isopropanol and UPH20 three times on each side. After the plates were cleaned 

330 µI of silane stock and 10 µI of 10% acetic acid were mixed in a microcentrifuge tube 

and placed about 1 inch between the ears on the front sequencing plate to help prevent the 

sequencing gel from slipping down between the plates when placed vertically in the DNA 

sequencer. Each plate was allowed to dry for 30 minutes before the plates were 

sandwiched together and the gel solution was poured. 

Each gel was a 66 cm denaturing polyacrylamide gel that contained 4 % 

polyacrylamide and 8 M urea. The gel solution was prepared by placing a plastic bottle 

with a nozzle lid on a scale that was zeroed. Next, 25.2 g of urea (Amresco), 4.8 ml Long 

Ranger® 50% polyacrylamide (Cambrex), 14.4 ml 5X TBE, and UPH20 was added into 
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the plastic bottle for a total weight of 67.5 g. The nozzle lid was screwed on top of the 

plastic bottle containing the gel solution and was kept at room temperature overnight. 

After the urea was dissolved, 400 µ1 of fresh 10% ammonium persulfate and 40 µl of 

TEMED (Amresco) were added to the gel solution. The solution was immediately 

poured in between the assembled sequencing plates and allowed to polymerize for 3 hr. 

Once polymerized, the gel was placed vertically inside of the DNA sequencer and 

the rest of the gel apparatus was assembled. For the bottom buffer tray 125 ml of lX 

TBE buffer was added. Next, 600 ml of 0.75X TBE buffer was added to the upper buffer 

tray. The DNA sequencer laser was focused and all pre-run conditions were completed. 

After the pre-run, 2.0 µI of each sample was loaded and the gel was run overnight. To 

obtain the sequencing data the computer program e-Seq v3.0, which is part of the LI­

COR sequencer, was utilized. Since the initial reactions did not provide complete DNA 

sequence of each plasmid, a new methodology using M 13 primers was used to obtain the 

complete DNA sequence of pAL236-2, pAL236-5, and pAL236-1 l. 

M13 Protocol 

This section provides an overview of how the Ml 3 protocol was utilized. Details 

for how each part of the M13 protocol was completed will be described below. To obtain 

the remaining DNA sequences of pAL236-2, pAL236-5, and pAL236-l 1, primers were 

designed based on the initial DNA sequences obtained from each recombinant plasmid. 

Each primer contained both known pAL236 nucleotide (nt) sequences (17-23 nt) and the 

standard Ml 3 phage forward (19 nt) or M13 phage reverse primer (18_ nt). Figure 2 is a 

schematic of one forward or reverse primer. 
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Figure 2. Schematic of designed PCR Primers. Solid red line represents known M 13 
forward or reverse primer sequences and solid blue line indicates known pAL236 
sequence. 5' and 3' ends are indicated. 
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A PCR reaction utilizing the Gene Amp XL PCR Kit (Applied Biosystems) was 

performed to produce double-stranded products using two primers. The first primer was 

an unlabeled forward M 13 primer that was specific for one recombinant plasmid ("known 

sequence" in Fig. 2). The second primer was unlabeled reverse primer specific for the 

end of the EZ-Tns™ <R6Kyori/KAN-2> transposon (see Fig. 1). Additional PCR 

reactions were performed with both unlabeled forward or reverse M 13 primers to obtain 

the remaining plasmid sequences. The template DNA was one of the recombinant 

plasmids. The Ml3 PCR products of~ 800 to 1500 base pairs (bp) was amplified with 

the GeneAmp® PCR System 2400 or 2700 models through 25 cycles of PCR with the 

final double-stranded product containing a replicated M13 primer site for sequencing 

(Fig. 3). The same M13 protocol was used to obtain double-stranded PCR products for 

both strands of all three recombinant plasmids. Each PCR product was purified with the 

Elu-Quik® DNA Purification Kit (Whatman) protocol and sequenced utilizing the 

SequiTherm EXCEL™ II DNA Sequencing Kit-LC protocol to obtain the remaining 

plasmid DNA sequence of pAL236-2, pAL236-5, and pAL236-11 (Fig. 4). 

Primer Design 

The unlabeled M 13 forward and reverse trailing primers ( described above) were 

designed using Vector NTI® Advance™ 10 and l l(lnforMax®). At least three to five 

forward or reverse initial DNA sequences obtained from each of the recombinant 

plasmids were entered into the AlignX® feature on the Vector NTI® Advance TM 10 and 

11 computer program. This provided a consensus sequence that was used to design the 
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Figure 3. PCR Product containing a replicated M13 Primer Site for sequencing. Red line 
represents Ml 3 forward or reverse primer sequence. Blue line represents known pAL236 
sequence. Green arrow represents replicated complementary M 13 primer sequence. 
Black line and arrow represents unknown pAL236 sequence. 5' and 3' ends are 
indicated. 
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Figure 4. Sequencing of Ml 3 PCR Products. Bottom line represents the PCR product 
template strand from Fig. 2. Purple arrow represents M 13 primer used for sequencing the 
PCR product. Red arrow represents the derived sequence of pAL236. 5' and 3' ends are 
indicated. 
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primers containing known forward and reverse sequences from each recombinant 

plasmid. The M 13 phage forward or reverse primer sequences were added to the end of 

the known sequence from the recombinant plasmids to complete the design of the primer. 

The designed primers were obtained from BioSynthesis Inc., Lewisville, TX and were 

shown in Table 3. 

Production of M13 PCR Products 

Each of the M13 PCR products described above was produced using the Gene 

Amp XL PCR Kit procedure. A PCR reaction was mixed on ice in separate 0.2 ml PCR 

tubes for pAL236-2, pAL236-5, and pAL236-1 l. Each tube contained 15 µl of 3.3 XL 

buffer; 4 µl of dNTPs (10,000 pmol/µl); 2.4 µl of Mg(OAc )2; 24.2 µl of UPH20; 1.4 µl of 

DNA template (250 ng); 1 µl (25 pmol/µl) of unlabeled Ml 3 tailing primers designed 

specifically for each recombinant plasmid; I µl (50 pmol/µl) of unlabeled primers 

obtained from the EZ-Tn5™ <R6Kyori!KAN-2> Insertion Kit specific for the EZ-TnfM 

<R6Kyori!KAN-2> transposon or an unlabeled M13 tailing primer (25 pmol/µl); 1.0 µl of 

rTth DNA polymerase for a final volume of 50 µI. Each PCR reaction was placed into 

the GeneAmp® PCR System 2400 or 2700 models and were amplified through 25 cycles 

of PCR. PCR amplification started with an initial 1 min at 94 °C; 25 cycles of denaturing 

at 94°C for 1 min and 30 sec, annealing at 55°C for 1 min and 30 sec, elongation at 72°C 

for 5 min; and held oo at 4 °C. Each PCR product was analyzed by electrophoresis on a 

1 % agarose gel to confirm the production and size of all Ml 3 PCR products. 
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Purification of M13 PCR Products 

All M 13 PCR products described above were purified using the Elu-Quik® DNA 

Purification Kit. Each 50 µl reaction was placed into separate 1.5 ml microcentrifuge 

tubes. For each tube, 50 µl of UPH2O was added to bring the overall volume to 100 µl. 

Binding buffer (280 µl) was added to each tube containing the 100 ul of DNA. Then 20 

µI of glass concentrate was added to each tube and the contents were mixed by tapping 

each tube. The tubes were allowed to stand at room temperature for IO minutes, while 

inverting the tubes at I minute intervals. 

The tubes were placed in the Spectrafuge Model 16M or 24D microcentrifuge at 

8800 rpm for 30 seconds. The supernatant was discarded without disturbing the pellet. 

Wash buffer (500 µI) was added and each pellet was teased from the microcentrifuge tube 

wall by pipette until the pellet was suspended and inverted once. The tubes were placed 

back into the microcentrifuge, spun again at 8800 rpm for 30 seconds and the supernatant 

was discarded. An additional 500 µl of wash buffer was added to each tube and each 

pellet was teased again from the microcentrifuge tube until the pellet was suspended and 

inverted once. The tubes were again placed into the microcentrifuge to spin at 8800 rpm 

for 30 seconds and the supernatant was discarded. 

Salt reduction buffer (500 µl) was added to each tube, the pellet was teased from 

the microcentrifuge tube wall until suspended and inverted once. The tubes were placed 

back into the microcentrifuge and were allowed to spin at 8800 rpm for 2 minutes. The 

supernatant was discarded. Once the supernatant was discarded the tubes were placed 
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back into the microcentrifuge to spin at 8800 rpm for an additional 30 seconds and the 

remaining supernatant was discarded. 

The tubes were placed into the RC l 0.10. vacuum centrifuge (Jouan, Inc.) and 

each pellet was allowed to dry by vacuum for 30 minutes at room temperature, after 

which 50 µl of UPH20 was added to each tube and the pellet was resuspended by flicking 

each tube. The resuspended pellet was placed in a 50°C water bath for 5 minutes and 

each tube was tapped at l minute intervals. Each tube was placed in the microcentrifuge 

to spin at 8800 rpm for 30 seconds. The supernatant from each tube was placed into a 

fresh 1.5 ml microcentrifuge tube and placed back into the microcentrifuge to spin for an 

additional 30 seconds at 8800 rpm. The supernatant was withdrawn and placed into a 

fresh 1.5 ml microcentrifuge tube. Each purified M 13 PCR product was analyzed by 

electrophoresis on a 1 % agarose gel. The tubes containing the PCR products were placed 

at 4 °C and stored until further use. 

DNA Sequencing of PCR Products 

Labeled M13 forward and reverse primers (LI-COR, Inc.) (see Table 2) specific 

for each M 13 PCR product ( described above) were used to determine the DNA sequence 

utilizing the SequiTherm EXCEL™ II DNA Sequencing Kit-LC protocol described 

above. DNA sequences obtained from recombinant plasmids and PCR products were 

used to determine the sequence of pAL236-2, pAL236-5, and pAL236-1 l. 

Plasmid DNA Analysis 

Individual DNA sequences obtained from initial DNA sequencing and PCR 

product sequencing of each recombinant plasmid were submitted to the BLASTN 

37 



(Altschul et al., 1990) program ofNCBI not only to confirm the sequences were H 

pylori, but to also confirm that the sequences were not transposon sequences. Individual 

DNA sequences obtained for each plasmid were assembled using AlignX® feature on the 

Vector NTI~' Advance ™ 10 and 11 to obtain consensus sequences. The consensus 

sequences for each plasmid were submitted to the ContigExpress® feature on the Vector 

NTI® Advance™ 10 and 11 for the construction of pAL236-2, pAL236-5, and pAL236-

11 by assembling overlapping DNA fragments into contiguous sequence for each 

plasmid. Each assembled plasmid was analyzed with Vector NTI® Advance™ 10 and 11 

to search for open reading frames (ORFs), ribosome binding sites (RBS), promoter 

sequences, repeat sequences, and GC content. All ORF sequences for pAL236-2, 

pAL236-5, and pAL236-11 were submitted to BLASTP (Altschul et al., 1997; Altshcul 

et al., 2005) program of NCBI to find identities to other known protein sequences. 

Conserved domains of proteins were detected with the NCBI Conserved Domain 

Search (http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml) (Marchler-Bauer et al., 

2004; Marchler-Bauer et al., 2009). ORFs were further analyzed with several programs 

for protein analysis available on the internet through the ExPASy Proteomics tools 

(http://us.expasy.org). Non coding regions of pAL236-2, pAL236-5, and pAL236-11 

were analyzed with BLASTN and BLASTX (Altschul et al., 1990; Altschul et al., 1997) 

programs at NCBI to search for identities with known DNA and protein sequences. 

BLAS TX searches the entire protein database using a translated nucleotide query. 
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Phylogenetic Analysis of Replication Proteins in H. pylori Plasmids 

Replication protein sequences (Rep) were obtained from the following H pylori 

plasmids: pAL236-2 (this study), pAL236-5 (this study), pAL236-11 (this study), 

pAL202 (Rickets, 2004), pAL226 (Khatun, 2005), pHPM8 (Quinones, 2000), pHPMl 79 

(Qasem, 1995; Taylor, 1997), pHPMl 80 (Minnis et al., 1995), pHPMl 85 (Liu, 1998; 

Gao, 1999), pHPM186 (Burnham, 1998), pMCUl through pMCU7 (De Ungria et al., 

1998), pHel 1 (Heuermann et al., 1995), pHel4 (Hofreuter et al., 1999), pHel5 (Hofreuter 

et al., 1999), pHP69 (unpublished, NC_0l0884), pHP666 (unpublished, NC_010932), 

pHAG 1 (Oh et al., 2006), pHPG27 (Baltrus et al., 2009), pHPP12 (unpublished, 

NC_0l 1499), pHPSl (De Ungria et al., 1999), pHP51 (Song et al., 2003), pHPOl00 

(unpublished, AFO56496), pKU701 (Hosaka et al., 2002), pHP489 (Song et al., 2003), 

and pHPK255 (Kleanthous et al., 1991) (Table 1 ). Each Rep protein was numbered 1 

through 33 to assist with identification of the Rep protein when constructing phylogenetic 

trees. Note that H pylori plasmids pHPS 1 has both repA and repB genes and pHP AG 1 

has two repA genes. The Rep proteins were sent to the web server ClustalW2 

(http://www.ebi.ac.uk/Tools/clustalw2/index.html) (Larkin et al., 2007) and placed into a 

global multiple sequence alignment (MSA) using the default ClustalW2 settings: Protein 

Gap Open Penalty = 10.0, Protein Gap Extension Penalty = 0.2, Protein matrix = Gonnet 

250, Protein ENDGAP = -1, Protein GAPDIST = 4. Each MSA shown in the Results 

section was colored based on the percent identity of the amino acids of the Rep proteins 

with the consensus of the MSA indicated with blue color, <40% identity has no color, 

>40% is light blue, >60% is medium dark blue, and >80% is dark blue. Based on the 
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MSA of the Rep proteins, phylogenetic trees were constructed as cladograms based on 

average distance using percent identity utilizing Jalview (Clamp et al., 2004; Waterhouse 

et al., 2009). 
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CHAPTER III 

RESULTS 

PURIFICATION AND RESTRICTION ENZYME ANALYSIS OF 
RECOMBINANT PLASMIDS pAL236-2, pAL236-5, AND pAL236-11 

The 200 I base pair (bp) EZ-Tn5™ <R6Kyori/KAN-2> transposon was inserted 

into the total plasmid DNA from H pylori strain AL236 (Rickets, 2004). Analyses 

performed by Rickets revealed that AL236 contained three plasmids, each containing a 

single insert of the transposon. Each individual recombinant plasmid was transformed 

into E. coli pir + cells (Rickets, 2004). The number assigned to each plasmid of pAL236 

was based on the E. coli pir + cell isolate number that contained the recombinant plasmid. 

As a result, the three recombinant plasmids were named pAL236-2, pAL236-5, and 

pAL235-l l. 

Each recombinant plasmid; pAL236-2, pAL236-5, and pAL236-1 l obtained from 

Rickets was isolated and purified utilizing the QIAGEN Plasmid Midi Kit. The DNA 

concentration for each plasmid was determined utilizing the Shimadzu UV l 60U 

spectrophotometer. After the concentration and purity of each recombinant plasmid was 

obtained, a restriction digest of the plasmids was performed to get an estimate of the size 

of each plasmid in base pairs (bp) (Fig. 5). Since the transposon contains a single 

restriction site for BamHI located at the end of the transposon at bp I 93 9, which after 

digestion, linearized each recombinant plasmid. 
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Figure 5. Restriction digests of recombinant plasmids pAL236-2, pAL236-5 , and 
pAL236-11 on 1 % agarose gel. Lane 1, Bench Top 1 kb DNA Ladder (Promega); lane 2, 
undigested pAL236-2; lane 3, pAL236-2 digested with BamHI; lane 4, undigested 
pAL236-5 ; lane 5, pAL236-5 digested with BamHI; lane 6, undigested pAL236- l 1; lane 
7, digested pAL236-11 with BamHI. 

42 



Analysis of a 1 % agarose gel electrophoresis confirmed that each recombinant 

plasmid obtained from Rickets contained a single insert of the EZ-Tn5™ <R6Kyori/ 

KAN-2> transposon. The restriction digest with BamHI revealed the estimated sizes for 

each plasmid; pAL236-2 (~3500 bp), pAL236-5 (~ 3300 bp), and pAL236-l l (- 5500 

bp). After 2001 bp of the transposon was subtracted, the estimated size for each plasmid 

was determined: pAL236-2 (~1500 bp), pAL236-5 (--,1300 bp), and pAL236-l l (--3500 

bp). The actual size of pAL236-2, pAL236-5, and pAL236-l l was determined by 

obtaining the complete DNA sequence of each plasmid. 

PURIFICATION AND ANALYSIS OF M13 PCR PRODUCTS USED FOR 
OBTAINING THE COMPLETE NUCLEOTIDE SEQUENCE OF pAL236-2, 
pAL236-5, AND pAL236-11 

Each PCR product was created using the Gene Amp XL PCR Kit (Applied 

Biosystems) utilizing a set of unlabeled primers specific for each plasmid (see Table 2). 

After 25 cycles of PCR were completed each PCR product was purified with the Elu­

Quik® DNA Purific.ation Kit (Whatman) (Fig. 6). All M13 PCR products were analyzed 

by electrophoresis on a 1 % agarose gel (Fig. 7). The estimated size for each PCR 

product; pAL236-2 #1 (~1000 bp), pAL236-2 #2 (~1200 bp), pAL236-5 #1 (~1000 bp), 

pAL236-5 #2 (~1000 bp), pAL236-11 #1 (~1500 bp), pAL236-11 #2 (~1400 bp), 

pAL236-1 l #3 ( ~ 1500 bp ), pAL236-11 #4 ( ~ 1000 bp ), pAL236- l 1 #5 ( ~800 bp ), 

pAL236-1 l #6 ( ~ l 000 bp ), pAL235- l 1 #7 ( ~ 1500 bp ), and pAL236-11 #8 ( ~ 1100 bp ). 

Once the PCR products were purified and analyzed they were sequenced with SeqiTherm 

EXCEL™ II DNA Sequencing Kit-LC (EPICENTRE®) with labeled M13 forward or 
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Figure 6. Analysis of a PCR Product by 1 % agarose gel electrophoresis before and after 
purification with Elu-Quik® DNA Purification Kit. Lane 1, Benchtop I kb DNA Ladder 
(Promega); lane 2, PCR reaction with no template; lane 3, PCR product before Elu­
Quik®; lane 4, PCR product after Elu-Quik®. Fragment sizes in base pair (hp) are shown 
on left side. 
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Figure 7. Analysis ofM13 PCR Products on 1% agarose gel. The PCR products 
contained either M 13 Forward, M 13 Reverse, or M 13 Forward and M 13 Reverse primer 
sites used for obtaining remaining DNA sequences for pAL236-2, pAL236-5, and 
pAL236-11. Lane 1, BenchTop 1kb DNA Ladder; lane 2, pAL236-2 #1; lane 3, 
pAL236-2 #2; lane 4, pAL235-5 #1; lane 5, pAL236-5 #2; lane 6, pAL236-11 #1; lane 7, 
pAL236-11 #2; lane 8, pAL236-11 #3; lane 9, pAL236-11 #4; lane 10, pAL236-11 #5; 
lane 11, pAL236- l l #6; lane 12, pAL236-11 #7; lane 13, pAL236- l l #8. 
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reverse primers at least three to five times to obtain the complete sequence of pAL236-2, 

pAL236-5, and pAL236- l l. 

DNA SEQUENCING FOR pAL236-2, pAL236-5, AND pAL236-ll 

Initial sequencing of all three recombinant plasmids pAL236-2, pAL236-5, and 

pAL236-l 1 was done bi-directionally utilizing specifically labeled EZ-Tn5 TM <R6K 

yori/KAN-2> transposon KAN-2 FP-1 Forward and R6KAN-2 RP-I Reverse primers 

(see Table 2) to determine the sequence near the transposon insertion site for each of the 

three recombinant plasmids. The sequence for each strand was determined between three 

and five times. Approximately 1000 to 1200 bp were obtained from each individual 

sequence reaction. Each one of the initial DNA sequences was submitted to the Basic 

Local Alignment Search Tool (BLASTN) (Altschul et al., 1990) program of the National 

Center for Biotechnology Information (NCBI) to determine if the sequences had any 

identity to other H pylori sequences and to confirm that the sequences obtained were not 

EZ-Tn5TM <R6Kyori/KAN-2> transposon sequences. Multiple sequences for each 

recombinant plasmid were aligned in the AlignX® program from Vector NTI® 

Advance TM 10 and 11 to obtain consensus sequences for each recombinant plasmid. 

Each consensus sequence was assembled using the ContigExpress® program from Vector 

NTI® Advance TM 10 and 11. 

The assembled sequences for pAL236-2 and pAL236-5 contained significant 

overlap with the initial forward and reverse DNA sequences. However, the complete 

sequence for these plasmids was not obtained. The assembly of the initial forward and 
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reverse sequences of pAL236-11 did not have any overlap. As a result, a new strategy 

was utilized to obtain the complete sequences for all three plasmids. 

The new protocol utilized known M 13 DNA sequences and was described in the 

method section. Each initial PCR product was purified utilizing the Elu-Quik® DNA 

Purification Kit (Whatman) and analyzed by electrophoresis on a 1 % agarose gel (see 

Fig. 6 and Fig. 7). PCR products for the recombinant plasmids had varied sizes ranging 

from 800 hp to 1500 hp (see Fig. 7). After purification the DNA sequences of each PCR 

product was determined as described in methods. Each PCR product was sequenced 

between three to five times. Approximately 500 to 1100 hp was obtained for each 

individual sequencing reaction. DNA sequences were aligned, assembled, and analyzed 

as described above. Based on sequence, H pylori plasmids pAL236-2, pAL236-5, and 

pAL236-11 were established as 1448, 1216, and 3148 hp respectively. Characteristics of 

each plasmid will be described separately. 

pAL236-ll DNA AND ORF ANALYSIS 

The complete sequence of pAL236-11 is shown in Figure 8. The overall GC 

content of pAL236-11 was 35.9%, which is lower than that of sequences of H pylori 

chromosomal DNA of strains P12 (38.0%), B128 (38.0%), Shi470 (38.0%), 26695 

(38.9%), G27 (38.9%), HPKX_ 438_CA4Cl (39.0%), HPKX_ 438_AG0CI (39.0%), 

HPAGl (39.1%), and 199 (39.2%). Interestingly, the GC content ofpAL236-11 (35.9%) 

Was higher than H pylori plasmids pHPM185 (33.1%), pHP489 (33.3%), pHPM8 

(33.4%), pAL236-5 (33.8%), pHPG27 (34.0%), pHP69 (34.0%), pAL202 (34.3%), pHel4 

(34.3%), and pHel5 (34.4%). However, the GC content of pAL236-11 was similar to 
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EcoRII 

l CCTGGCGCAA GCCCTATGAG TTTGAAAAAA CTCATGCGGT GTTTAGGGCG TTTTATGGCG 
GGACCGCGTT CGGGA'l'ACTC AAACTTTTTT GAGTACGCCA CAAATCCCGC AAAA.TACCGC 

fl CGO.'XTCCCC TTG'J'TTMTA TM ACCT'TGT T'l'ATTAATAA TATCTTGTTT ACAAGGGTGT 
GCGCGAGGGG AACAAATTAT ATTTGGAACA AATAATTATT P.;.TAGAACAAA TGTTCCCACA 

• l L l 

1;..: GAATATCGTA AAATAGGGGT GTGCAGAGAG A GGGA GGTTTTT GAC TTCAAGACAC 
CTTATAGCA:T TTTATCCCCA CACGTCTCTC TCTTTTCCCT CCJ'\.AAAACTG AAGTTCTGTG 

I· 

l,· 1 CTCAA.AAAGG GAGGTTTTT G ACTACAAAAA AAGGCCTAAA AGGGAGGTTT TT GACTACAA 
GAGTTTTTCC CTCCAAAAAC TGATGTTTTT T'I'CCGGATTT TCCCTCCAAA AACTGATGTT 

1~ 

'--41 AAAAAGGCCT AAAAGGGAGG TTTTTATATT TTTTATTACT TTTTTATGCT ACAATTCACC 
T"!'TTTCCGGA TTTTCCCTCC AAAAATATAA AAMTAATGA AAAAATACGA TGTTAAGTGG 

1 I 

r~~--~- -~~~~~~-~--~~-~~-~--~~---~---
M P K I N N E P 

•l_ T'I'AATAACGC AATTTTAAAG GATAGTCATG CCTAiAAATTA ATAACGAACC CAAACCCAAT 
AATTATTGCG TTAAAATTTC CTATCAGTAC GGATTTTAAT TATTGCTTGG GTTTGGGTT.A 

K R P K K F K R P R V K K S Q R Y L V T 
'bl AAGCGACCTA AAAAAT'I'CAA GCGCCCTAGA GTTAAAAAAT CCCAAAGATA CCTAGTTACC 

TTCGCTGGAT TTTTTAAGTT CGCGGGATCT CAATTTTTTA GGGTTTCTAT GGATCAATGG 
l I 'f 

G N E F I Y A K Y G D T T A N E L K F 
42.:_ CAAGGCAACG AGTTTATCTA TGCCAAATAT GGCGATACAA CCGCTAACGA ATTGAAATTC 

GTTCCGTTGC TCAAATAGAT ACGGTTTATA CCGCTATGTT GGCGATTGCT TAACTTTAAG 

F Y Y V I S K L N S I S D K G F E A C E 
481 'I'TTTACTATG TGATCAGCAA GCTCAACTCC ATCAGCGACA AAGGCTTTGA AGCGTGTGAG 

AAAATGATAC ACTAGTCGTT CGAGTTGAGG TAGTCGCTGT TTCCGAAACT TCGCACACTC 

Figure 8. Nucleotide sequence of pAL236-11 . 
The single EcoRil site at nucleotide one is indicated with a blue wavy line; iterons are 
indicated by red wavy lines with the nucleotides highlighted in blue (153-167 nt), (185-
199 nt), (218-232 nt), and (251-265 nt); -10 and -35 promoter regions (273-278 nt), (302-
307 nt), (2132-2137 nt), and (2154-2159 nt) are indicated by short red wavy lines with 
the names of the promoter above the line in red letters; ribosome binding sites (RBS) 
(317-322 nt) and (2171-2176 nt) are indicated by short red wavy lines with the name of 
the RBS above the line in red letters; putative open reading frames (ORFs) are shown as 
blue wavy arrows in the direction of translation; the amino acid sequences are shown in 
blue letters below the ORFs. 

48 



()PF'1 / RPpP 

I P I N E I L G E V L N H E N L D N H Y 
541 ATCCCTA:TCA ATGAGATTTT AGGGGAGGTG TTAAATCATG AGAACTTGGA CJllACCATTAC 

TAGGGA1.'AGT TACTCTAAAA TCCCCTCCAC AATTTAGT,AC TCTTGAACC:T G'I'TGGTAATG 

T Y I K K L C E S L S K R Y L L D E T L 
E 1J 1 ACCTACATCA A:GAAGCTTTG TGAGAGT'TTG TCAAAGCGTT ACCTTTTAGA TGAAACCCTA 

TGGA'TGTAG'I' TCTTCGAAAC ACTCTCAAAC AGTTTCGCM TGGAAAATCT ACTTTGGGAT 

•kl· 1 '''='IF 

S K D P V T N K E I E R F K S M P L F K 
661 ,l\GCAAAGATC CTGTAACCAA CAAAGMATA GAAAGATTTA AAAGCATGCC ACTCTTTAAA 

TCGTTTCTAG GACATTGGTT GTTTCTTTAT CTTTCTAAAT TTTCGTACGG TGAGAAATTT 

F L E Y T K G E A T I N Y Q L N D C L K 
- ? 1 TTTTTGGAAT ACACAAAGGG CGAAGCGACT ATCAATTACC AACTCAACGA C'fGCCTAAAA 

AAAAACCTTA TGTGTTTCCC GCTTCGCTGA TAGTTAATGG TTGAGTTGCT GACGGATTTT 

)J<.. ['t-' p 

P Y L L G L K K N F T Q I P L Q H I L P 
7 F: l CCCTACTTGC TAGGGCTTAA GAAGAATTTC ACGCAAATCC CCTTACAACA CATTTTACCC 

GGGATGAACG ATCCCGAATT CTTCTTAAAG TGCGTTTAGG GGAATGTTGT GTAAAATGGG 

l i B 

I R S G Y A I R I Y Q M L L S Q L N Q N 
841 ATTAGAAGCG GTTATGCGAT CCGCATTTAT CAAATGCTAT TAAGCCAACT CAATCAAAAC 

TAATCTTCGC CAATACGCTA GGCGTAAATA GTTTACGATA ATTCGGTTGA GTTAGTTTTG 

<Jf.'F I r~ J fl 

R N E D T R T L I E L Q D I L C V P K S 
901 CGCAACGAAG ATACAAGAAC TCTGATCGAA CTCCAAGATA TATTGTGTGT GCCAAAAAGT 

GCGTTGCTTC TATGTTCTTG AGACTAGCTT GAGGTTCTAT ATAACACACA CGGTTTTTCA 

f<F· R,_.. r~ 

Y Y V W K D F K N N V L E P S M K E I N 
961 TATTATGTGT GGAAAGACTT CAAAAACAAT GTTTTAGAGC CAAGCATGAA AGAGATTAAC 

ATAATACACA CCTTTCTGAA GTTTTTGTTA CAAAATCTCG GTTCGTACTT TCTCTAATTG 

Fl· I 't.. J 8 

A T T D I V A S Y R T K K Q R Q K I T E 
1021 GCTACCACCG ACATTGTAGC TAGTTACAGA ACCAAAAAAC AACGCCAAAA GATCACTGAA 

CGATGGTGGC TGTAACATCG ATCAATGTCT TGGTTTTTTG TTGCGGTTTT CTAGTGACTT 

Figure 8 continued. 
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ORF1/RPpB 

I V F E F R Y K D T Q K C K D Q A K D K 
1081 ATCGTGTTTG AATTCCGTTA TAAAGATACT CAAAAGTGCA AAGATCAAGC TAAAGACAAA 

TAGCACAAAC TTAAGGCAAT ATTTCTA'l'GA GTTTTCACGT TTCTAGTTCG AT1.'TCTGTTT 

E Q H R I Q M E V I K P L T E L I N K T 

1141 GAACAGCA'rC GTATTCAAAT GGAAGTCATC AAACCGCTCA CTGAACTTA'I' AAACAAAACC 
C'I'TG'l'CGTAG CATAAGTTTA CCTTC.AGTAG TTTGGCGAGT GAC'I'TGA~T.A TTTGT'TTTGG 

,! - _ I e~,f ... 

L A Y P T D P L D E S A I I A L V Y R G 
1201 CTAGCTTACC CCACTGATCC GCTAGATGAA AGCGCTATTA TCGCATTAGT GTATCGTGGA 

GATCGAA'I'GG GGTGACTAGG CGATCTACTT TCGCGATAAT AGCGTAATCA CATAGCACCT 

ORF'l /'R ~r,B 

M H E I K E V K G K L Q V V L T L E E A 
1261 ATGCATGAGA TCAAAGAAGT GAAAGGCAAG CTACAAGTGG TATTGACTTT AGAAGAAGCC 

TACGTACTCT AGTTTCTTCA CTTTCCGTTC GATGTTCACC ATAACTGAAA TCTTCTTCGG 

)l 'l IE F--

N N P R K K Q P L I I S N A K Q I E K L 
l .32 ~ AATAACCCAA GAAAAAAACA GCCACTCATT ATATCTAACG CCAAGCAAAT TGAAAAACTC 

TTATTGGGTT CTTTTTTTGT CGGTGAGTAA TATAGATTGC GGTTCGTTTA ACTTTTTGAG 

)t 

K A M H E N Y K K K F F T Q N A S K I L 
1381 AAAGCCATGC ATGAAAACTA TAAGAAAAAG TTTTTCACTC AAAACGCCTC TAAAATTCTC 

TTTCGGTACG TACTTTTGAT ATTCTTTTTC AAAAAGTGAG TTTTGCGGAG ATTTTAAGAG 

K N K D G K G S V Y I Q E I Q E N L K K 
1441 AAAAACAAAG ATGGAAAAGG ATCGGTCTAT ATCCAAGAGA TCCAAGAAAA CCTCAAAAAA 

TTTTTGTTTC TACCTTTTCC TAGCCAGATA TAGGTTCTCT AGGTTCTTTT GGAGTTTTTT 

R K E E E A K A I E N K P T P I E N N K 
1501 AGAAAAGAAG AAGAAGCTAA AGCCATTGAA AACAAACCAA CACCTATTGA AAACAACAAA 

TCTTTTCTTC TTCTTCGATT TCGGTAACTT TTGTTTGGTT GTGGATAACT TTTGTTGTTT 

A I D N A E K I K N G S F L S K E N L R 
156 1 GCAATAGATA ATGCAGAAAA AATTAAGAAT GGAAGTTTTT TAAGCAAAGA AAATCTAAGA 

CGTTATCTAT TACGTCTTTT TTAATTCTTA CCTTCAAAAA ATTCGTTTCT TTTAGATTCT 

Figure 8 continued. 
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CPF1/Rep5 
~~ ~~~~ - ~~- ~~~~~~~~~~-~~~~~~-~~~-~~- ~~-~~~~~~~> 

N L F S N N T Q E D P P N Q 

l 6 2 ~- A.ATC'l'"J~T'TrfA GCAACAACAC ACAAGMGAT CCACCT AATC AATGACCAAA CACACAGCCT 
T'1'AGA.AAAA'f CGT'l'GTTGTG TG'fi.'CTTC'fA GGTGGATTAG TTACTGGTTT GTGTGTCGGA 

l 6S' :_ TTTCAATTTG CGATAGAATT 1"TCTCAACTC CTTGATCATG 'I'AATTTT'CAT ATTCTC'I'GTC 
AAAGT'.r.AAAC GCTATCTTAA~ AAGAGTTGAG GAACTAGTAC ATTAAAAG'l'A TAAGAGACAG 

17 41 T'l"I 'TTCAAGC GACAGTGACT CATTT'TTTTC CACAGCACAA CGCATGAT'l'T CAAAA'I'GCAT 
l-\.A.AAAG'f'I'CG CTG'fCACTGA GTAAAAAAAG GTGTCGTGTT GCGTACTAAA GTTTTACGTA 

1 '.30J TTTATTC'I'CA TAATGAAATT TTGTTAAGCG ATCTAGCTTT CTTTGA1'GGA TCAATTTTC1 
AAATAAGAGT AT''fA:CTTTAA AACAA'TTCGC TAGATCGAAA GAAACTACCT AGTTAAAAGA 

13 61 CTTTTGCCAC TC.A.GTCA'I'CA CAAAT'l'CACT CCGTTATTTG AGTT'TCACAG CTGATCATTT 
GiAAAACGG'rG AGTCAGTAGT GTTTAAGTGA GGCAATAAAC TCAAAGTGTC GACTAGTAAA 

1-<L 1 'I'TTTTCACAG CACAACGCAT GATTTCAAAA. TGCATTTTAT TCTCATAATG AAATT'l'1.'GTT 
AAAA.AG1'G'fC GTGTTGCGTA. CT AAAGTTTT AOGT AAAA.TA AGAGTATTAC TTT AAAACAA 

\Q:.1 AAGCGATCTA GCTTTCTTTG ATGGATCAAT TTTCTCTTTT GCCACTCAGT CATCACAAAT 
T TCGCTAGAT CGAAAGAAAC TACCTAGT'I'A "AAA.GAGAAAA CGGTGAGTCA GTAGTGTTTA 

,:, C 4 l TCACTCCGTT ATTTGAGTTT CAGTGTTGTA GCATTTTTTA ACAAAATTCC AJ.\i\AAACAGC 
AGTGAGGCAA T1AAA.CTCAAA GTCACAACAT CGTAAAAAAT TGTTTTAAGG TTTTTTGTCG 

lUl CAAAAAAA.GG GGTCTCATTT TTAAGT'I'TTT TTTAAGGAAG CCTACAGCTC CCTTAT'I'TAG 
GT'l''I'TTTTCC CCAGAGTAAA AAT'l'CAAAAA AAATTCCTTC GGATGTCGAG GGAATAAATC 

Kf-\:-: H 

[~~~~~-~~~~~~~~--~-~~~~~,~~~----
v H I F F F L S V 1 

L.16 1 CCGTCTGCGT AAGACACCAC CACTCAAAAA GTGCACATTT TTTTC'I'TTTT GAGTGTTATC 
GGCAGACGCA TTCTGTGGTG GTGAGTTTTT CACGTGTAAA AAAAGAAAAA CT CACAATAG 

l f,· 

L P F F W V L K K Q F F F Q L R E S F Q 

2L2l CTGCCCTTTT TTTGGGTCTT GAAAAAACAA TTCTTTTTTC AATTGAGAGA GAGCTTTCAA 
GACGGGAAAA AAACCCAGAA CTTTTTTGTT AAGAAAAAAG TTAACTCTCT CTCGAAAGTT 

D Q L Y I H S H G R L N Y S N E P N 1 Q 

2281 GACCAGTTAT ATATCCATTC GCATGGTAGG TTAAATTATT CTAACGAGCC TAATATTCAA 
CTGGTCAATA TATAGGTAAG CGTACCATCC AATTTAATAA GATTGCTCGG ATTATAAGTT 

K R I A G I N K E L S K L I S Q G Q E Q 
23 41 AAAAGAATAG CTGGAATTAA CAAAGAGCTA TCCAAACTTA TTTCACAAGG TCAAGAACAA 

TTTTCTTATC GACCTTAATT GTTTCTCGAT AGGTTTGAAT AAAGTGTTCC AGTTCTTGTT 

F T Q N F N H N E F F D K A Y D D A P M 
2 4 0 1 TTCACACAAA ATTTTAACCA TAATGAGTTT TTTGATAAGG CTTATGATGA TGCTCCTATG 

AAGTGTGTTT TAAAATTGGT ATTACTCAAA AAACTATTCC GAATACTACT ACGAGGATAC 

Figure 8 continued. 
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)}<F2 

E M K L L A S V K N K E L G K L E K S K 
24 61 GA/V\TGAAAC T'I'CTAGC'I'AG TGT'TAAAA.:z\.C N\AGAACTAG GCJ..\AGTTAGA MAATCAAAA 

CTT~rACT"rTG AAGATCGA'I'C ACAATTTTTG TTTCT'rGATC CGTTCAf\TCT T'I'TTAGTTTT 

--~~~~~~---~~-----------~-~~-~~> 
L E K V Q I A I E V 

2 _c. 2 l 'I'TAGAMAAG 'l'TCAAATCGC TATTGAAGTG TAAAAGTTGA 'TCA.GTAGTGA A:GTCGCTCAA 
AATCTTTTTC ,A.A.GTTTAGCG ATAA.CTTCAC ATTTTCAACT AGTCATCl!\.CT TCAGCGAGTT 

2 c: 81 'TTAGTAAAAA TGAATTTTGG AA.TGAGCGCT TAAGTGTGAG AGGT'TG.AAAG AGTTGA'TTAC 
l\..A'I'CATTTTT ACTTAAAACC TTACTCGCGA ATTCACACTC TCCAACTTTC TCAACTAAT'G 

?641 CACTCAAAGC G'I'TGGAGTGT AAAAA.TCAAA ATTGAAAAAA GTTCAAA'I'CG CTATTGAAGT 
G".I'GAGTTTCG CAACCTCACA TTTTTAGTTT TAACTTTTTT CAAGTTTAOC G.A.TAA.CTTCA 

2...,r: GTAAAAGTTG ATCAGTAGTG AAGTCGCTCA ATTAGTM,M ATGAATT'I'TG GAA.'I'GAGCGC 
CATT'l'TCMC TAGTCATCAC TTCAGCGAG'I' TAATCATTTT TACTTAAAAC CTTACTCGCG 

27fi TTAAGTGTGA GAGGTTGTM AAGTTGATCA CCACTCAAAG CGTTGGAG'I'G TAAAAATCAA 
AATTCACACT CTCCAACATT TTCAACTAG'I' GGTGAGTTTC GCAACCTCAC ATTTTTAGTT 

2.821 AAATTGGAAT GTGTGCTTCA CTTTAGTTAG TGCTTGGAAG TGAGTTTGAA AAAAATAAAA 
TTT.AJ."Z\CCTTl\ CACACGAAGT GAAATCAATC ACGAACCTTC ACTCAAACTT TTTTTATTTT 

2tf.l ACTAAAATCC CT'l'TTAGATG CTCACAGAAA GCAAATATAA CGAGTTTAGC AACTAAGAGA 
TGATTTTAGG GAAAATCTAC GAGTGTCTTT CGTTTATATT GCTCAAATCG TTGA:TTCTCT 

.-:.~41 GCATGTAACT AGGGCTTGCT AACAACAAAA CCGCATAGCG AAGCGTAAGC GGGCATTCAA 
OG'l'ACA'I'TGA TCCCGAACGA TTGTTG1:'TTT GGCGTATCGC TTCGCATTCG CCCGTAAGTT 

3001 GCGGTTTTGC ACCTATTTGT TTGCTGACAA GCAAACACCA ATAAGCGAAG CGTAAGCGAA 
CGCCAAAACG TGGATAAACA AACGACTGTT CGTTTGTGGT TATTCGCT'I'C GCATTCGCTT 

3061 GCATGGACAA AAGCGCATCG CAGTTTGAAA TCGCAGGCGT TAGCCGGAGA TGGTTTTGCG 
CGTACCTGTT TTCGCGTAGC GTCAAACTTT AGCGTCCGCA ATCGGCCTCT ACCAAAACGC 

3121 ATAGCAAAAT CAAACAAGAT AGCGCAAA 
TATCGTTTTA GTTTGTTCTA TCGCGTTT 

Figure 8 continued. 
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H. pylori plasmids pHPP12 (35.0%) pHPP12 (35.0%), pHell (35.1 %), pHP51 (35.3%), 

pHPMl 79a (35.5%), pHP666 (35.6%), pAL226 (35.8%), and pHPMl 86 (35.9%). 

Finally, the GC content of pAL236-1 l was lower than H pylori plasmids pHPMl 79b 

(36.2%), pHPOl00 (36.2%), pHPAGl (36.4%), pHPK255 (36.8%), pHPM180 (37.0%), 

pHPSl (37.3%), pAL236-2 (37.5%) and pKU701 (38.0%). (The GC content of all 

plasmids included here is summarized in Table 8, which includes geographic regions.) 

The open reading frames (ORFs) were determined using ATG and GTG as 

translation start sites and T AA, TAG, and TGA as the stop codons with a size limit of 

100 amino acids. The complete sequence of pAL236-l l contained two ORFs, both on 

the same strand. The amino acid sequences of ORFl and ORF2 is indicated in Figure 8 

and a circular diagram of the plasmid is shown in Figure 9. Possible -10 and -35 

promoter sequences and ribosome binding sites (RBS) for each ORF were determined 

using the consensus sequences of E. coli. Locations for these regions along with ORFl 

and ORF2 identities are shown in Table 4. 

Nucleotides 328-1662, orfl, showed identity to the orfl/repB nucleotide sequence 

of several H pylori plasmids: pKU701 (90% ); pHP5 l (85% ); pHPS l (79% ); and the 

repA gene of pHPOl00 (85%). The amino acid sequence of ORFl of pAL236-l 1 

showed strong identity to the replication protein, RepB, of H pylori plasmids pHP5 l 

(79% ), pHPS 1 ( 69% ), pKU701 (81 % ), and to the RepA protein of pHPO 100 (79% ). The 

amino acid alignment is shown in Figure I 0. Two important findings were obtained from 

these results. First, this alignment shows that ORF 1 of pAL236-l l is RepB. 
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ORF2 

RBS 

-10 

-35 

EcoRII (1) R3/ lterons 

R3 

R3 
R3 -35 _

10 
~ RBS 
- - --- -~--- ·---

pAL236-11 
3148 hp 

ORF1/Rep8 

Figure 9. A diagram of pAL236- l 1 showing Iterons, Promoter Regions, Ribosome 
Binding Sites (RBS), and Open Reading Frames (ORFs). Blue vertical lines represent 
iterons (R3), promoters (-10 and -35), and RBS. Arrowheads represent putative ORFs 
and the direction of translation. The single restriction endonucleases site, EcoRII is 
assigned as nucleotide number I . 
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Table 4. Analysis of ORFl and ORF2 from pAL236-l l. a) pAL236-11 ORF analysis by 
Vector NTI Advance™ 11. b) Promoter and ribosome binding site (RBS) locations of 
pAL236- l 1. c) Nucleotide identities of ORF l and ORF2 with known plasmid sequences. 

a) 

ORF Sequence Length M.W.l I~ 

n.t.# a.a# 
1 328-1662 445 52152 9.40 

2 2132-2137 120 14254 8.85 

I-Molecular weight; 2-Isoelectric point. 

b) 

Promoter RBS 
-35 -10 

5' TIGACA 3' 5' TATAAT3' 5' AGGAGG 3' 

TTATTA TAATAA AAAGGA 
(273-278) (302-307) (317-322) 

TTAAGG TATTTA AAGACA 
(2132-2137) (2154-2159) (2171-2176) 

c) 

ORF Main Percent Proposed 
Identities Identity Function 

l RepB pKU701 81 Plasmid Replication 
RepB pHP51 85 79 
RepA pHPOl00 79 
RepB pHPSl 69 

2 None No Identities Unknown Function 
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Color Legend 

Foreground Background 
Non--homologous 
Conservative 
Block of similaI' 
Identical 

black 
dark blue 
black 
red 

white 
light blue 
light green 
yellow 
white Weakly similar green 

p.ALL'. 3 6-· 1 ... ( 1) 
pHP51 ( 1 ) 
pHPSJ. ( J.) 

pKU701 ( 1) 

pHPO l 00 ( l ) 

Consens us ( 1) 

pAL236- 11 (51) 
pHPS l (51 ) 
pHPS l (50) 

pKl1701 ( 1) 
p HPOl0 0 ( 1) 

Consensus ( 51) 

pAL2 36-11 (101) 
pHP51 (100) 
pHPSl (100) 

pKU701 ( 1) 
pHPOl00 (1) 

Consensus (101) 

pAL236-ll (151) 
pHP51 (150) 
pHPSl (150) 

pKU701 (25) 
pHPOl00 (25) 

Cons e nsus (151) 

1 50 

MPKV E P KRPKKFKRP VKKSQKYLITQ N IYAKYGDTTANELK 

51 10 0 

FFYYVISKLN I DK F 

101 

EI PI EILGE L HE D YTYIK LC S 

150 
KS 
EV I 

~ .. 1,~,~ •~1~-uEV aii.ii ,-- im 

-------------------------- p 

LSKR L DESL 

151 

PT KEEF MAIFKRIQYLKRKAVICYQLNDCL 

2 00 

S iTRT 
KPYLLGLRKNFTQIPLQHILPIRSGYAIRIYQMLLSELKQNRNEVDL LI 

Figure 10. Amino acid alignment of pAL236-l 1 ORFl/RepB compared to related H 
pylori Plasmids. 
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Figure IO continued. 
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Second, RepA of pHPO 100 belongs with the RepB replication proteins that are also 

found on plasmids pHP5 l, pHPS I, pKU70 I, and pAL236- l l. There was additional 

identity to the replication proteins of plasmids from unrelated species such as 

Campy/obacter jejuni ( 41 % ), Campylobacter coli ( 41 % ), and Geobacillus kaustophi/ius 

(28%). 

The ORFI/RepB protein consisted of 445 amino acid residues. Submission of 

ORF 1/RepB to BLASTP (Altschul et al., 1997; Altshcul et al., 2005) at NCBI, indicated 

that this protein contained a conserved domain that belonged to the Rep_3 superfamily. 

According to the Conserved Domain Database (CDD) the Rep_3 superfamily are proteins 

that are involved with the initiation of plasmid replication (Marchler-Bauer et al., 2004; 

Marchler-Bauer et al., 2009). These proteins included both RepA and RepB and possess 

nicking-closing (topoisomerase I) like activity which allows these proteins to perform a 

strand transfer reaction on ssDNA that contains its target. 

ORFI/RepB was analyzed by Vector NTI® Advance™ 11 and indicated that the 

protein has a molecular weight of 52152 (52.1 kDa) and an isoelectric point of9.40 (see 

Table 4a). Additional analysis of ORFl/RepB was performed by software programs 

available through the internet through ExP~Sy Proteomics tools(http://us.expasy.org). 

SOSUI (http://bp.nuap.nagoya-u.ac.jp/sosui) (Hirokawa et al., 1998; Mitaku et al., 1999; 

Mitaku et al., 2002), a program that indicates the hydrophobicity index of proteins, 

indicated that ORFl/RepB is soluble. Analysis with TMHMM (http://www.cbs. 

dtu.dk/services/TMHMM-2.0) (Tusnady et al., 1998; Tusnady et al., 1999), which 

predicts transmembrane helices in proteins, indicated that ORFl/RepB did not contain 
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any transmembrane helices. ProtPararn(http://us.expasy.org/tools /protparam.html) 

(Gasteiger et al., 2005), analysis determines the instability index and provides an estimate 

of the stability of the protein in a test tube; proteins with an instability index above 40 

might be unstable. Analysis by ProtParam indicated that ORF 1/RepB was stable with an 

instability index (II) of 39.31. 

Nucleotides 2191-2550, orj2, did not have significant similarity to H pylori 

plasmids or unrelated species according to BLASTN (Altschul et al., 1990) at NCBI. 

Next, the protein sequence of ORF2 was submitted to BLASTP at NCBI. BLASTP 

results showed that ORF2 did not have significant similarity to any H pylori or unrelated 

species proteins. Results with the Conserved Domain Search indicated that this protein 

did not contain any conserved domains. 

The ORF2 protein consisted of 120 amino acid residues. Analysis of ORF2 by 

Vector NTI® Advance™ 11 indicated that ORF2 protein had a molecular weight of 

14254 (14.2 kDa) and an isoelectric point of 8.85 (see Table 4a). Additional analysis of 

ORF2 was performed using software programs available via the internet through ExPASy 

Proteomics tools. SOSUI and TMHMM determined that ORF2 was a soluble protein 

with no transmembrane helices. ProtParam analysis determined that the instability index 

(II) of ORF2 was 41.25 and classified the protein as unstable. The exact function of this 

protein is unknown. As a result, the ORF2 protein from pAL236-11 was not the ORF2 

protein that is found on other theta replicons that belong to the cAMP-induced 

filarnentation (Fie) protein family. 

59 



There were two main regions of pAL236-l l that and were determined to be non­

coding sequences. The first non-coding sequence was located at nucleotide (nt) positions 

1663-2190, a total of 538 nt. Submission of this sequence to BLASTN at NCBI, 

indicated that only the nucleotides 2082-2190 had identity with non-coding regions of 

pHPSl and pHPOl00 (Table 5). Results from submission of this sequence in BLASTX 

(Altschul et al.., 1997), which searches the entire protein database using a translated 

nucleotide query, indicated that the pAL236-11 non-coding region did not have 

significant identity to any H pylori chromosomal, plasmid, or non-related species 

proteins. 

The other non-coding region of pAL236-l l was located at nt positions 2551-3148 

and 1-327, a total of 925 nt. Results for submission of this sequence to BLASTN 

indicated that nucleotides 2551-2887 had no identity to DNA sequences of H pylori 

chromosomal, plasmid, or non-related species. The remaining non-coding region showed 

identity with non-coding regions of pKU701 and pHP5 l (Table 5). These non-coding 

regions of pKU701 contained the R3 iteron region, while pHP51 contained both the RI 

iteron region along with the common region (CR). The non-coding region of pAL236-11 

had identity with two non-coding regions ofpHPSI, pHPP12, and pHPAGI, which 

contained the R2 repeat regions (Table 5). The R2 repeats ofpHPP12 and pHPAGI were 

identified in this study. The R2 repeats for pHPP12 were located at nt positions 5758-

6440 and 6487-7169 and consisted of a two time 683 bp direct repeat sequence separated 

by 46 bp. Plasmid pHPAG 1 had R2 repeats located at nt positions 2785-3384 and 8774-
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Table 5. Non-coding Region Identities ofpAL236-11 with Other H. pylori Plasmids. Plasmid features 
located within the non-coding region are indicated. (R2=Repeat Regions, R3=Repeat Regions, and 
C 1 =Common Region) 1- R2 repeat regions identified in this study. 2- lntially identified as R 1. 

pAL236-11 Main Plasmid Coding Percent 
Sequence Plasmid Sequence Region Identity with 

(nt) Identities (nt) pAL236-l 1 
2084-2190 pHPSl 5025-5132 Non-Coding 92% 

2082-2190 pHPOl00 158-265 Non-Coding 90% 

2888-3148, 1-294 pKU70I 1329-1891 (RJ) 83% 

2892-3148, 1-295 pHP5I 3121-3676 (R32,Cl) 82% 

2910-3148, 1-112 pHPSl 2893-3245 (R2) 81% 
2910-3148, 1-7 5432-5681 (R2) 83% 

2888-3148, 1-7 pHel4 5783-6048 Non-Coding 84% 

2964-3148, 1-7 pHPP12 5989-6178 (R2)1 91% 
6718-6907 (R2)' 91% 

2967-3148, 1-7 pHP666 6248-6454 Non-Coding 91% 

2965-3148, 1-7 pHP69 8756-8942 (Cl) 91% 

2923-3148, 1-7 pAL226 9455-9694 Non-Coding 86% 

2914-3148, 1-7 pHel5 1-243 Non-Coding 85% 

2967-3148, 1-14 pHPAGl 3022-3214 (R2)' 89% 
9011-9203 (R2)' 89% 

2965-3148, 1-2 pHPG27 473-600 Non-Coding 89% 

2910-3148, 1-7 pHPM8 11-263 Non-Coding 83% 

3014-3148, 1-14 pAL202 11781-11926 Non-Coding 91% 

3043-3148, 1-8 pHPM180 2143-2253 Non-Coding 91% 

3044-3148 pHell 89-191 Non-Coding 90% 

1663-2190 pAL236-2 793-1448, 1-99 Non-Coding 35% 
2551-3148, l-327 Non-Coding 41% 

1663-2190 pAL236-5 759-1216, 1-113 Non-Coding 42% 
2551-3148, l-327 Non-Coding 32% 
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93 70, 1-3 that consisted of a two time 600 bp repeat sequence separated by 2784 bp (2. 7 

kbp ). Also, pAL236-11 had identities to the non-coding region of pHP69, which was 

similar to the CR found in pHPS 1. Additionally, the non-coding region of pAL236-1 l 

had various identities to non-coding regions of H pylori plasmids including pHP666, 

pAL202, pAL226, pHell, pHel4, pHel5, pHPG27, pHPM8, and pHPM180 (see Table 5). 

The non-coding region of pAL236-11 was submitted to BLAS TX and the results 

indicated no significant identity to any H pylori chromosomal, plasmid, or non-related 

species proteins. 

The search for repeat and IS elements revealed no Rl, R4, or H pylori specific IS 

elements in pAL236- l 1. Plasmid pAL23-11 showed partial identity to R2 regions of 

pHPS 1, pHP AG 1, and pHPP 12; however, no complete set of R2 repeat sequences were 

present. The search did reveal that pAL236-1 l contained the R3 iteron region that 

consists of a 4 time 15 bp repeat with a spacer sequence of 17-18 bp between each repeat. 

The R3 region of pAL236-l l is indicated by Figure 8 and 9. Utilizing Align.X® on the 

Vector NTI® Advance TM 11 computer program, the R3 iterons of pAL23 6-11 showed 

identity with R3 iterons of pKU701 (72.8%), pHPSl (63.5%), pHPOl00 (67.3%), and the 

Rl iterons of pHP51 (60.0%). For plasmids pHPSl, pHP51, pKU701, and pAL236-l 1 

the R3 iterons are present upstream of repB. The R3 iteron sequence of pHPO 100 is also 

located upstream ofrepA. The R3 iteron region ofpKU701 and pHPSl consists of a 3.5 

time 33 bp direct tandem repeat, while plasmid pHP51 Rl iteron region consists of a 4 

time 27 bp repeat with 5 bp spacer sequences between each repeat. Lastly, the R3 iteron 

region of pHPOI00 consists of a 3.5 time 21 bp repeat with 11-12 bp spacer sequences 
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between each repeat. A complete sequence alignment of these iterons is shown in Figure 

11. Interestingly, when comparing the entire R3 iterons of plasmids pHPS 1, pHPO I 00, 

pKU701, pAL236-l 1, and RI of pHP5 l there were a total of 51 conserved nucleotides 

within these sequences. This result indicates that the RI of pHP51 belongs to the R3 

iterons of pHPSl, pKU701, pHPOl00, and pAL236-l l. As a resuit of the alignment of 

the R3 iterons' and the amino acid alignment of the replication proteins gives further 

evidence that the RepA found on pHPO 100 is RepB while the R 1 iterons of pHP5 l is R3. 
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Figure 11. Nucleotide alignment of R3 lteron Region of pAL236-11 compared to R3 
Iteron Regions ofpHPSl , pHPOl00, pKU701, and Rl Iteron Region of pHP51 . 

64 



pAL236-2 DNA AND ORF ANALYSIS 

The complete sequence of pAL236-2 is shown in Figure 12. The overall GC 

content of pAL236-2 was 37.5 %, which is lower than that of sequences of H pylori 

chromosomal DNA of strains, P12 (38.0%), Shi470 (38.0%), 8128 (38.0%), G27 

(38.9%), 26695 (38.9%), HPKX_ 438_CA4Cl (39.0%), HPKX_ 438_AG0C1 (39.0%), 

HPAG 1 (39.1 %), and J99 (39.2%). The GC content of pAL236-2 (37.5%) was similar to 

H pylori plasmids pHPK255 (36.8%), pHPM180 (37.0%), pHPSl (37.3%) and lower 

than pKU701 (38.0%). However, GC content of pAL236-2 was higher compared with 

other H pylori plasmids pHPM185 (33.1%), pHP489 (33.3%), pHPM8 (33.4%), 

pAL236-5 (33.8%), pHP69 (34.0%), pHPG27 (34.0%), pAL202 (34.3%), pHel4 (34.3%), 

pHel5 (34.4%), pHPP12 (35.0%), pHPP12 (35.0%), pHell (35.1 %), pHP51 (35.3%), 

pHPMl 79a (35.5%), pHP666 (35.6%), pAL226 (35.8%), pHPMl 86 (35.9%), 

pHPMl 79b (36.2%), pHPOIO0 (36.2%), and pHPAGl (36.4%) (see Table 8). 

The open reading frames (ORFs) were determined using ATG and GTG as 

translation start sites and T AA, TAG, and TOA as the stop codons with a size limit of 

100 amino acids. The complete sequence of pAL236-2 contained one ORF (ORFl) on 

one strand and no ORFs on the opposite strand. The amino acid sequence of ORFI is 

indicated in Figure 12 and a circular diagram of the plasmid is shown in Figure 13. 

Possible -10 and-35 promoter sequence and ribosome binding site (RBS) for ORFlwere 

determined using the consensus sequences of E. coli. Locations for these regions and 

ORFl identities are shown in Table 6. The Rep from pAL236-5, shown in Table 6, will 

be discussed later. 
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Dral 

I 'I'T"l.'.AAAGC'I'.A. AAN~ATG'I'GG TGTTTGTTG'I' AGAATT AAGC TCGGTGTTTG AAAGTTTCAG 
AAi\T'I'TCGAT TTTTTACACC ACAAACAAC.A TCTTAATTCG AGCCACAAAC TTTCAAAGTC 

l· I 'r. I 

[~~--~--------~--------
M P K K R L N 

h l TTCCil\AACAC CGA.Al\l\J.'-\AAA TCTAACTAAG GACTTGATTA TGCCAAAAAA ACGGC1AAAT 
AA.GGT'fTGTG GCTrTTTTTT AGATTGATTC CTGAACTAAT ACGGTTTTTT TGCCGATTTA 

S A E T H S K Y A K Y N A K N P P C K 1 
AGTGCTGAAA CGCACTCAAA ATACGCTAAA TACAACGCTA AAAATCCCCC TTGTAAGACT 
TCACGACTTT GCGTGAGTTT TATGCGATTT ATGTTGCGAT TT'I'TAGGGGG AACATTCTGA 

Y G F ~ I Y P E S A D P N F R Q I I S E 
TATGGGTTTC TCATCTACCC AGAAAGTGCA GACCCAAATT TTAGGCAAAT TATCAGCGAA 
ATACCCAAAG AGTAGATGGG TCTTTCACGT CTGGGTTTAA AATCCGTTTA ATAGTCGCTT 

I' 

N F D G S W A L S P l H D S D M H E D G 
, , 1 AACTTTGATG GCTCATGGGC GTTATCACCG CTACACGATA GCGATATGCA CGAAGATGGA 

TTGAAACTAC CGAGTACCCG CAATAGTGGC GATGTGCTAT CGCTATACGT GCTTCTACCT 

T L K K P H Y H G I I T F D K K R P S 
• 1 1 ACGCTTAAAA AACCACACTA TCACGGCATT ATCACTTTTG ACAAAAAGCA AAGACCTTCA 

TGCGAATTTT TTGGTGTGAT AGTGCCGTAA TAGTGAAAAC TGTTTTTCGT TTCTGGAAGT 

Figure 12. Nucleotide sequence of pAL236-2. 
The single Dral site at nucleotide one is indicated with a blue wavy line; -35 (30-35 nt) 
and -10 (47-52 nt) promoter regions and the ribosome binding site (RBS) (87-92 nt) are 
indicated by short red wavy lines; putative open reading frame (ORF) is indicated by a 
blue wavy arrow in the direction of translation; the amino acid sequence is shown in blue 
letters below the ORF; double-stranded origin (DSO) (797-818 nt) is indicated by red 
short wavy line with the nucleotides for the inverted repeats highlighted in red letters; the 
nucleotides involved with the DSO nick site (805-811 nt) are highlighted in blue letters; 
iterons (824-840, 847-863 nt) are indicated by red wavy lines with the nucleotides 
highlighted in blue; inverted repeats (IR) are indicated by red wavy lines with the 
nucleotides highlighted in blue. The inverted repeats are IRl (1033-1039, 1044-1050 nt), 
IR2 (1057-1063 , 1070-1075 nt), IRJ (1084-1089, 1095-1100 nt), IR4 (1119-1125 , 1131-
1137 nt), and IR5 (1202-1211 , 1223-1232 nt). 
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A L K R I L E L V G A N P F V I A Y T N 
• 1· l GCGCTCAAP-Jl\. GGATTTTGGA GTTAG'I'GGGT GCGAACCCTT TTGTTATCGC TTAC:ACAAAC 

CG{::GAGTTTT CCTAAAACCT CAATCACCCA CGCTTGGGAA AACA.A.TAGCG APaGTGTTTG 

t ' t 

S E R V K G A Y E v F T H Q N N P E K A 
-! ,· i AGCG.AAAGAG TGAAAGGCGC TTATGAG'I'AT TTCACCCATC AJ.\AA.TAACCC TGAAAAAGCC 

TCGCTTTCTC ACTTTCCGCG AATP,CTCATI'\. AAGTGGGTAG TTTTATTGGG ACTTTTTCGG 

Q Y N E T G T Q L F N G F D I N D F Y S 
CAATACl\ACG AAACTGGJ-\.AT ACAA.CTTTTT AATGGCTTTG ACATCAACGA TTTTAAGAGT 
GTTATGTTGC TTTGACCTTA TGTTGAi'.\AAA TTACCGAAAC TGTAGTTGCT AAAATTCTCA 

L K E L A Q L A L Y K K A M L K E I F S 
TTGAAAGAGT TAGCGCAGTT AGCGCTCTAC AAAAAAGCCA TGCTGAAAGA GATTTTTTCT 
AACTTTCTCA ATCGCGTCAA TCGCGAGATG TTTTTTCGGT ACGACTTTCT CTAAAAAAGA 

F V E L N E L V S F R A L M S Y A K A Y 
TTTGTGGAGC TTAACGAGTT GGTTTCTTTT CGTGCGTTAA TGTCTTACGC CAAAGCCTAC 
AAACACCTCG AATTGCTCAA CCAAAGAAAA GCACGCAATT ACAGAATGCG GTTTCGGATG 

RP E W FE FLT ESH SY 1 VIN FI 
~r. CGCCCTGAAT GGTTTGAATT TTTAACCGAA AGCCATTCTT ACATCGTCAT CAATTTCATC 

GCGGGACTTA CCAAACTTAA AAATTGGCTT TCGGTAAGAA TGTAGCAGTA GTTAAAGTAG 

I • 

K S M S W E K E K R I N L D I S K L ~ E 
.. L AAGTCTATGA GTTGGGAAAA AGAAAAGCGT ATCAATCTTG ACATTTCAAA GCTGAAAGAA 

TTCAGATACT CAACCCTTTT TCTTTTCGCA TAGTTAGAAC TGTAAAGTTT CGACTTTCTT 

ff T i 

~~--~~~--~ ~~ --~> 
L P T E 

, 81 TTGCCAACAG AATAGC 1 1 , ATACACG A AG CT,...,,...,_,-.,_,...,_r..r..GG TGGT AACTTA 
AACGGTTGTC TTATCGATTT TTTTATGTGC TAAAAAATTC GATTTTTTCC ACCATTGAAT 

, . 
8 4 1 ACCCTTAAAA AGGTGGTAAC TTA CTCCCCC TAAGTTACCA CCAAAAACAA AATGAGAATT 

TGGGAATTTT TCCACCATTG AATGAGGGGG ATTCAATGGT GGTTTTTGTT TTACTCTTAA 
901 AAAAATTTCA TTTACTTTTC TTAAGCCTAT TTTACACCCC CCTTATTTTT TCCATTCTCA 

TTTTTAAAGT AAATGAAAAG AATTCGGATA AAATGTGGGG GGAATAAAAA AGGTAAGAGT 

Figure 12 continued. 
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,) (:, 1 TTTTCATAGG TGCTTAAAGT TTCTTTCCM GCGTTAGCTA AAAACTTCAA TAGAATG.A.AA 
.A.AAAGTATCC .'A..CGAA TTTCA AAGAAAGG'I'T CGCAATCGAT TTTTGAA.GTT ATCTTACTTT 

[ i, ' . 1 I·'-. ! . 

1 I> AGGGCAAGGA TACTTTGTG T AGCCACAl\AG AACCTTGTTT AGG CGCTGCC' CT !V:';,AACCC'.' 
TCCCGT'I'CCT ATGAAACACA TCGGTGTTTC TTGGAACAAA TCCGCGACGG GATTTTGGGA 

f I·' ] 1 j 

TATTGGGGGA C.A.AGCCCCCA TGAT.A.ATGAG AATAATTTM GGGGG ATAAA CCCCCTT TTT 
ATAACCCCCT GTTCGGGGGT AC'I'ATTACTC TTATTAAATT CCCCCTATT'I' GGGGGAAJ.\AA 

! .~ TAT'TCTCATT ATTGGCGCAA AAAATGCGCC AAAATCTAAC CGGTGGTGGG TCGCGCCTTA 
ATAAGAGTAA TAACCGCGTT TTT'l'ACGCGG TTTTAGATTG GCCACCACCC AGCGCGGAAT 

- L ] CATGGGC~GGG TGTCGTAGTA AAA.CCCCC:CC AT TTTTTACC CCTAAATTTT TGCCCATTTT 
GT AC CCC CCC ACAGCATCAT TTTGGGGGGG TAAAAAATGG GGATTTAAAA ACGGGT AAAP. 
TTTTTGCTTT TTTTGGTGGG ATTG.AAAGCC GAGGTTATAT GCGCTTTTTT TTGCTGAACG 
AAAAACGAAA AAAACCACCC 'I'AACTTTCGG CTCCAATATA CGCGAAAAAA AAOGACTTGC 

l .' ., , AGTGAGATTT GCTAACTGAT TAGCTTTTAA GTGTGAGTAA TTTTGCTTGA TTTTGATTTT 
TCACTCTAAA CGATTGACTA ATCGAAAATT CACACTCATT AAAACGAACT AAAACTAAAA 
TAATGGTG'I'T TTTGGTTGTT AGGTAATAAC TCTATTCGGT CTTTTGGTTT GTGTTTGTTA 
ATTACCACAA AAACCMCAA TCCATTATTG AGATAAGCCA GAAAACCAAA CACAAACAAT 

4 - AAAACGAT 
TTTTGCTA 

Figure 12 continued. 
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Figure 13. A diagram of pAL236-2 showing Promoter Regions, Ribosome Binding Site 
(RBS), Open Reading Frame (ORF), Inverted Repeats (IR), Herons, and Double-Stranded 
Origin (DSO). Blue vertical lines represent promoters (-10 and -35), RBS , and IR. 
Maroon boxes represent DSO and iterons. Arrowhead represents putative ORF and the 
direction of translation. The single restriction endonucleases site, DraI site is assigned 
as nucleotide number 1. 
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Table 6. Analysis of ORFl from pAL236-2. a) ORFl analysis by Vector NTI 
Advance rn 11. b) Promoter and RBS locations. c) Nucleotide identities of ORF 1 with 
known plasmid sequences. 

a) 

ORF Sequence Length M.W. 1 Ip-! 

n.t.# a.a# 
1 100-792 231 26951 8.69 

I-Molecular weight; 2-Isoelectric point. 

b) 

Promoter RBS 
-35 -10 

5' TIGACA 3' 5' TATAAT 3' 5' AGGAGG3' 

TAGAAT TTTGAA TAAGGA 
(30-35) (47-52) (87-92) 

c) 

ORF Main Percent Proposed 
Identities Identity Function 

1 ReppHPK255 52 Plasmid Replication 
ReppHP489 42 
Rep pAL236-5 39 
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Nucleotides I 00-792, orfl, showed identity to the orfllrep nucleotide sequences 

of H. pylori plasmids: pHPK255 (72%); pHP489 (71 %); and pAL236-5 (55 %). The 

ORFI amino acid sequence showed identity to the replication proteins, Rep, of H pylori 

plasmids pHPK255 (52%), pHP489 (42%), and pAL236-5 (39 %). Of the three plasmids 

only pHPK255 showed the greatest amino acid identity with ORF I/Rep of pAL236-2 as 

shown in Figure 14. 

Unlike other H pylori plasmids which replicate by the theta mechanism, 

pHPK255 and pHP489 are plasmids that replicate via the rolling-circle (RC) mechanism 

(Kleanthous et al., 1991, Song et al., 2003). There were additional identities of 

ORFl/Rep to several Rep proteins of RC plasmids from unrelated species including the 

Gram-positive Lactobacillus plantarum (35%), Lactococcus lactis (31 %), and 

Staphylococcus aureus (25%). Interestingly, no identities were found for of ORF I/Rep 

with any plasmid Rep proteins involved with theta replication from H pylori or from 

unrelated species. As a result, ORF I/Rep identity with Rep proteins of three RC 

plasmids indicated that pAL236-2 should replicate as a RC plasmid. 

The ORF I/Rep protein consisted of 231 amino acid residues. Submission of 

ORFl/Rep of pAL236-2 to BLASTP at NCBI, indicated by the Conserved Domain 

Search, that this protein contained a conserved domain belonging to the Rep_ 2 

superfamily. According to the Conserved Domain Database (CDD) the Rep_2 

superfamily are proteins involved with the initiation of plasmid replication (Marchler­

Bauer et al., 2004; Marchler-Bauer et al., 2009). These proteins are topoisomerases that 
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Figure 14. Amino acid alignment of ORFI compared with Rep from pHPK255 . 
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nick the DNA at the positive strand at the plus origin of replication and at the single­

strand conversion sequence. This result provides further evidence that pAL236-2 should 

replicate by the RC mechanism, since the proteins of pHPK255 and pHP489 also contain 

this conserved domain. 

ORFl/Rep was analyzed by Vector NTI® Advance™ 11, which indicated a 

molecular weight of 26951 (26.9 kDa) and an isoelectric point of 8.69 (see Table 7a). 

Additional analysis on ORFl/Rep was performed by software programs available via the 

internet through ExPASy Proteomics tools. SOSUI and TMHMM determined that 

ORFl/Rep was a soluble protein with no transmembrane helices. ProtParam analysis 

determined that ORF I/Rep was stable with an instability index (II) of 33.03. 

The non-coding regions of pAL236-2 were located at nt positions 1-99 and 793-1448, a 

total of 755 nt. Submission to BLASTN at NCBI indicated that the non-coding region 

had several short sequence identities with four non-coding regions of H pylori plasmid 

pHPK255 as well as with two non-coding regions on plasmid pAL226, and one-non­

coding region with both plasmid pHP489 and pHP666 (Table 7a). Interestingly, two of 

these plasmids, pHP666 and pAL226, are identified as plasmids that replicate by the theta 

mechanism, while pHPK255 and pHP489 are identified as RC plasmids. Results of the 

BLASTN search also revealed a short sequence of pAL236-2 (1018-1053 bp) with 

identity to a non-coding region of the genomic sequence of H pylori strain Pl2 (Table 

7b ). Submission of non-coding sequence to BLAS TX indicated no significant identity to 

any H pylori chromosomal, plasmid, or non-related species proteins. 
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Table 7. Non-coding Region Identities of pAL236-2 with Other H pylori Plasmids. 

a. Plasmid features located within the non-coding region are indicated. 
(IR=Inverted Repeat) 

b. Non-coding region identities of pAL236-2 with H pylori genomic sequences. 

a. 

pAL236-2 Main Plasmid Coding Percent 
Sequence Plasmid Sequence Region Identity with 

(nt) Identities (nt) pAL236-2 
1008-1148 pAL236-5 920-1058 (IR) 87% 

1-99, 793-1448 pAL236-l l 1663-2190 Non-Coding 35% 
1-327, 2551-3148 Non-Coding 41% 

23-72 pHPK255 1392-1441 Non-coding 86% 
930-965 519-554 Non-coding 88% 

1103-1154 342-394 (IR) 86% 
1275-1439 17-19 l Non-coding 73% 

1275-1345 pHP489 I I 52-1222 Non-coding 87% 

l011-1053 pHP666 606-648 Non-coding 90% 

1018-I050 pAL226 8561-8593 Non-coding 93% 
1275-1342 9433-9500 Non-coding 80% 

b. 

pAL236-2 Main Genomic Coding Percent 
Sequence Genomic Sequence Region Identity with 

(nt) Identities (nt) pAL236-2 
l018-1053 Pl2 180861-180896 Non-coding 94% 
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The search for repeated sequences revealed no copies of R 1, R2, R3, R 4 or H. 

pylori specific IS elements in pAL236-2. There were, however a set of iterons consisting 

of a two time 17 bp repeated sequence located at nt positions 824-840 and 847-863 (see 

Fig.12 and Fig.13 ). Plasmid pHP489 also contains a set of iterons consisting of a two 

time 57 bp repeated sequence, while plasmid pHPK.255 has direct repeats (DR) 

consisting of a two time 7 bp repeat. Also found on pAL236-2 were several IR 

sequences: IRl; IR2; IR3; IR4; and !R5 (see Fig. 12 and Fig. 13). Plasmids pHPK.255 

and pHPK489 also contain IR sequences, but only IR3 of pAL236-2 was similar to an IR 

sequence found on pHPK.255 (see Table 7a). Also IRl and IR3 were exactly identical to 

IR sequences found on pAL236-5, while IR2 and IR4 were similar to IR sequences on 

pAL236-5 (see below). The roles of these IR repeats in pAL236-2 and pAL236-5 are not 

known and require further research. 

An important feature indicating that pAL236-2 replicated by the RC mechanism 

was the presence of a possible gouble-~tranded-Qrigin (DSO), a feature belonging to 

plasmids that replicate via the RC mechanism. Several plasmids have been identified as 

RC plasmids and initially were grouped into five families based on the homology of their 

replication proteins and DSOs (Khan, 1997; Khan, 2005). As more DNA sequences of 

RC plasmids have been determined there are now 17 RC plasmid groups (http://www. 

essex.ac.uk/bs/staff/osbom/DPR_home.htm) based on homologies of the Rep proteins 

and DSOs (Khan, 2005). 

The DSO of pAL236-2 was located at nt position 797-818 (see Fig. 12 and Fig. 

13). This inverted repeated sequence contained the nucleotides that could be involved 
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with the DSO nick site (805-811 nt). The DSO could potentially form a hairpin-loop 

structure with the nick site located at the top of the hairpin-loop (Fig. 15). Downstream 

of the DSO were the iteron sequences that could the binding site of the replication protein 

to al low access to the nick site to initiate plasmid replication. 

Of the 17 groups of RC plasmids described by Khan (2005), pAL236-2 could 

belong to Group II. Evidence for this includes the homologies of the Rep protein with 

other members of this group including pHPK255 and pHP489 (http://www.essex.ac.uk/ 

bs/staffi'osborn/DPR_home.htm). Also, most members within this group, including 

pHPK255 and pHP489, contain a conserved DSO nick sequence (TACTACG/A) where 

the / represents the cleavage site by the Rep protein that initiates leading-strand 

replication ( del Solar et al., 1993; Kleanthous et al., 1991; del Solar et al., 1998). 

However, the pAL236-2 potential nick sequence (T ACACG/ A) was not identical. This 

nick site was chosen as the result of the iteron sequences that were located downstream of 

the potential DSO nick site (Fig. 15). While the nick site is highly conserved within a 

family of RC plasmids, the binding regions of these plasmids can vary ( del Solar et al., 

1993; del Solar et al., 1998; Khan, 1997; Khan, 2000; Khan, 2005). Distances of these 

binding sequences from the nick site vary or can be in close proximity to the nick site 

depending on the RC plasmid family (del Solar et al., 1993; del Solar et al., 1998; Khan, 

1997; Khan, 2000; Khan, 2005). 

It should be noted that a potential nick sequence (TACT ACG/ A) was present 

between the two IR5 sites, but no iteron sequences or other direct repeats were present, 

unlike the iterons found for the proposed DSO nick site ofpAL236-2 (see Fig. 12). 
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C A 
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5' AOC AGCTAAAAAAGGTGGT AACTTAACCCTTAAAAAGGTGGT AACTTA 3' 
ITERON ITERON 

Figure 15. Graphic representation of the potential Hairpin-Loop Structure in the Double­
Stranded Origin (DSO) of pAL236-2. The nick site sequence (T ACACG/ A) is located at 
the top of the hairpin-loop structure with a line representing where the replication protein 
nicks the plasmid DNA. Downstream of the hairpin-loop structure are two iteron repeats 
where the replication protein could bind allowing access to the nick site to initiate 
plasmid replication. 
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Even though there are replication proteins of RC plasmids that can bind to IR sequences 

located within the Rep binding region (Khan, 1997), the analysis here provide evidence 

that the DSO indicated in Figure 13 is the functional site. 

Additional evidence that pAL236-2 is a Group II RC plasmid was found in the 

Rep protein itself. Located on the Rep protein were several protein motifs that are found 

on RC plasmids (Fig. 16 and Fig. 17). In most RC Rep proteins there are three conserved 

motifs (Ilyina et al., 1992). However, further research of certain Group II RC plasmids, 

including pHPK255, revealed not only the three previously reported protein motifs but 

two additional motifs ( del Solar et al., 1993). Plasmid pAL236-2 had all five of the 

protein motifs as did pHPK255 and pHP489 (Fig. 17). 

Motif 1 and Motif 2 functions have not been determined however it is speculated 

that these motifs could be necessary for recognizing DNA sequences around the nick site 

or in the nick site ( del Solar et al., 1993). Motif 3 contains a possible metal-binding 

domain HUH where U represents hydrophobic residues (Ilyina et al., 1992). It appears 

that Group II RC plasmids share two conserved tyrosine residues found in motifs 4 and 5 

(del Solar et al., 1993). Motif 4 represents the catalytic domain that contains a catalytic 

tyrosine residue involved with the nucleophilic attack on the plasmid DNA for the 

initiation of replication (Ilyina et al., 1992). Motif 5 also contains a conserved tyrosine 

residue that could be involved in linking the Rep protein to the plasmid DNA ( del Solar 

et al., 1993). Even though the sequences of these motifs can vary among RC plasmids, 

the metal-binding domain and the conserved tyrosine residue utilized to initiate plasmid 
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MPKKRLNSAE THS KYAKYNA KNPPCKTYGF LI YPE SADPN FRQIISENFD 

'.:il GSWALSPLHD SDMHEDGTLK KPHYHGIITF DKKQRPSAL K RI LELVGAN P 
I 

10:;_ FVI AYTNSER VKGAYE YFTH QNN PEKAQYN ETGIQLFNGF DI ND FKS LKE 
151 LAQLALYKKA MLKEIFSFVE LNELVSFRAL MSYAKAYRPE WFEFLTESHS 
2Cl YIVINFIKSM SWEKEKRINL DISKLKELPT E 

Figure 16. Replication motifs of pAL236-2. Amino acid sequence with motifs are 
represented by red wavy lines and amino acid residues indicated by blue letters; motif 1 
(28-37 aa), motif2 (54-62 aa), motif3 (70-80 aa), motif 4 (108-123 aa) and motif5 (129-
131 aa). The possible metal-binding domain of motif 3 is indicated by bold red letters. A 
conserved tyrosine residue of motif 4 and motif 5 is indicated by a bold red letter. 
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Figure 17. Replication motifs of pAL236-2 compared to pHP489 and pHPK255 . Protein 
motifs are represented by boxes. Possible metal-binding domain (HUH) is indicated by 
underlined bold letters. Conserved tyrosine residues (Y) is indicated by an underlined 
bold letter. 
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Figure l 7 continued. 
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replication are found within members of most RC plasmids families, although one family 

of RC plasmids does not contain the metal-binding motif (del Solar et al., 1998). 

The §ingle-§tranded Qrigin (SSO) represents the final stage of RC plasmid 

replication involved with lagging strand replication by converting §ingle-.§tranded DNA 

(ssDNA) into gouble-.§tranded DNA (dsDNA) (del Solar et al., 1998; Khan, 1997; Khan, 

2000; Khan, 2005). A feature that is considered a hallmark for RC plasmid replication is 

the presence of ssDNA (Khan, 1997). A common feature found among SSOs is the 

ability to form secondary structures consisting of hairpin-loop structures (Khan, 1997). 

Based on sequence and structural similarities, there are a variety of SSOs in RC plasmids 

and the most extensively studied include ssoA, ssoU, ssoT, and ssoW (Boe et al., 1989, 

Novick, 1989, Gruss et al., 1989; Seegers et al., 1995; Devine et al., 1989, Zaman et al., 

1993, Meijer et al., 1995; del Solar et al., 1998; Khan, 1997; Khan, 2000; Khan, 2005). 

One feature of the SSO nucleotide sequences is that they vary among different RC 

plasmid families (Khan, 1997). 

The DNA sequence ofpAL236-2 was compared to known SSOs, including ssoA, 

ssoU, ssoT, and ssoW as well as the SSO found on pHPK255. No SSO sequences were 

identified on pAL236-2. Unlike pHPK255, plasmid pHP489 also appears to have no 

SSO. RC plasmids that do not contain an SSO can replicate to some extent and deletions 

in the SSO can lead to a reduced copy number, large quantities of ssDNA, and plasmid 

instability ( del Solar et al., 1987; Gruss et al., 1987). Due to the variety of SSOs that 

have been reported a possibility does exist that an unknown sequence or sequences could 
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act as a SSO on pAL236-2 to help convert ssDNA to dsDNA. Further research is needed 

to determine this possibility. 

pAL236-5 DNA AND ORF ANALYSIS 

The complete sequence of pAL236-5 is shown in Figure 18. The overall GC 

content of pAL236-5 was 33.8 %, which is lower than that of H pylori chromosomal 

DNA of strains P 12 (38.0%), Shi470 (38.0%), B 128 (38.0%), 26695 (38.9%), 027 

(38.9%), HPKX_ 438_CA4Cl (39.0%), HPKX_ 438_AG0C1 (39.0%), HPAGl (39.1%), 

and 199 (39.2%). The GC content of pAL236-5 was similar to H pylori plasmids 

pHPM185 (33.1%), pHP489 (33.3%), pHPM8 (33.4%), pHP69 (34.0%), pHPG27 

(34.0%), pAL202 (34.3%), pHel4 (34.3%) and pHel5 (34.4%). The GC content of 

pAL236-5 was lower compared with other H pylori plasmids pHPP12 (35.0%), pHPP12 

(35 .0%), pHell (35.1 %), pHP5 l (35.3%), pHPMl 79a (35.5%), pHP666 (35.6%), 

pAL226 (35.8%), pHPM186 (35.9%), pHPMl 79b (36.2%), pHPOlO0 (36.2%), pHPAG 1 

(36.4%), pHPK255 (36.8%), pHPM180 (37.0%), pHPSl (37.3%), pAL236-2 (37.5%), 

and pKU701 (38.0%) (Table 8). 

The complete sequence of pAL236-5 contained one ORF. The amino acid 

sequence of ORFl is indicated in Figure 18. A circular diagram of the plasmid with 

ORFl is shown in Figure 19. Possible -10 and -35 promoter sequences and ribosome 

binding site (RBS) for ORFl were determined using the consensus sequences of E. coli 

(Table 9). Table 9c also shows the amino acid identities between ORF 1 of pAL236-5 

and other H pylori ORFs. 
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EcoRI 

L GAATTCAGAG CTGT'rTTTGA TTGATATTAG GGGGGTAAGA TGCTAGAATT TGACTTGCTG 
CTTAA.GTCTC Gl\CAAAP1ACT AACTATAATC CCCCCATTCT ACGATCTTAA ACTGAACGAC 

) I· I 

, l I l . [ ~· ~- --~ ---
MP N· 

"" TTTAGAACTC ATCACTTTTC CAAA CAGCAl\ AAACTACTAT AAAGGACATT ATTATGCCCA 
AAATCTTGAG TAGTGAAAAG GTTTGTCGT'f TTTGATGATA TTTCCTGTA.A TAATACGGGT 

· S 'I' E, K L A K N T I A R 1-l W T I • I Y P· 
1 , l ATTCTACCGA AAAATTGGCT AAA,AATACTA CAGCCAGACA TTGGACTATT TTAATCTATC 

TAAGATGGCT TT1' TAACCGA TTTTTATGAT GTCGGTCTGT P..ACCTGATAA AATTAGATAG 

· E S V N F N F !<'. D I L C K P T M A F Q W· 
·· CAGAAAGTGT TAATCCTAAC TTTAAAGATA TTCTCTGTAA GCCTACAATG GCATTTCAAT 

GTCTTTCACA ATTAGGATTG AAATTTCTAT AAGAGACATT CGGATGTTAC CGTAAAGTTA 

· V L S P L H D K D L N D D G T L K K P H· 
41 GGGTTTTATC GCCATTACAC GATAAAGATT TGAATGATGA TGGAACGCTA AAAAAACCAC 

CCCAAAATAG CGGTAATGTG CTATTTCTAA ACTTACTACT ACCTTGCGAT TTTTTTGGTG 

. Y H L L L V F E N A V R I N I I L E I C · 
1 tl ACTATCATTT ATTGCTTGTA TTTGAAAATG CTGTAAGGAT TAACATAAT C TTGGAGATTT 

TGATAGTAAA TAACGAACAT AAACTTTTAC GACATTCCTA ATTGTATTAG AACCTCTAAA 

Figure 18. Nucleotide sequence of pAL236-5 . 
The single EcoRI site at nucleotide one is indicated with a blue wavy line; -35 (21-26 nt) 
and -10 promoter regions (44-49 nt) and the ribosome binding site (RBS) (1 03-108 nt) 
are indicated by short red wavy lines; DnaA-binding site (76-84 nt) is indicated by a red 
wavy line with the nucleotides highlighted in blue; putative open reading frame (ORF) is 
indicated by a blue wavy arrow in the direction of translation; amino acid sequence is 
shown in blue letters below the ORF; direct repeats (DR) (1075-1079, 1082-1086 nt) are 
indicated by red wavy lines with the nucleotides highlighted in blue; double-stranded 
origin (DSO) ( 1090-114 7 nt) is indicated by a red wavy line with the inverted repeats IR5 
(1 090-1100, 1137-1147 nt) and IR6 (1109-1120, 1124-1135 nt) indicated by red wavy 
lines with the nucleotides highlighted in red letters; nucleotides involved with the DSO 
nick site (1101-1108 nt) are highlighted in blue; inverted repeats (IR) are indicated by red 
wavy lines with the nucleotides highlighted in blue. The inverted repeats are IRl (946-
952, 957-963 nt), IR2 (970-977, 981-988 nt), IR3 (998-1003, 1009-1014 nt), IR4 (1033-
1038, 1044-1049 nt). 
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1/ !• I ,~r 

· R S I N A P E Y A E Q I R G G I T K F Y· 
1 t~. GTAGGTCTAT TFIATGCCCCT GAATATGCTG AACl\AATAAG AGGCGGAATT ACTAAATTCT 

CA.TCCAGATA ATTACGGGGA CTTATACGAC TTGTTTATTC TCCGCCTTAA TGATTTAAGA 

,t.. . f f 

· E Y L T H K N H P N K A Q Y N Q Y N E S· 
-l c.. 1 ATGAATACCT TACGCATAAA AATCACCCCA ATAAGGCTCA ATATAATCP,A TATAATGAGA 

TACTTATGGA ATGCGTATTT TTAGTGGGGT TATTCCGAGT TATATTAGTT ATATTACTCT 

· D E C S N G F D I K D Y M S L K E L K· 
,"' GTGATATAGA GTGTTCTAAT GGATTTGACA TTAAAGACTA TATGAGCTTA AAAGAATTAA 

CACTATATCT CACAAGATTA CCTAAACTGT AATTTCTGAT ATACTCGAAT TTT CTTAATT 

· K L D D L 1 L D E I f D F I E R N E l \7· 

AAAAGCTAGA TGATTTGATT CTTGATGAAA TCTTTGATTT TATAGAGCGT AATGAAATTG 
TTTTCGATCT ACTAAACTAA GAACTACTTT AGAAACTAAA ATATCTCGCA TTACTTTAAC 

S F R H L L A Y S K Q F K P E W F Y L L· 
• ,1 l TATCATTTAG GCATTTATTA GCTTATTCTA AGCAATTTAA ACCTGAATGG TTTTATTTGC 

ATAGTAAATC CGTAAATAAT CGAATAAGAT TCGTTAAATT TGGACTTACC AAAATAAACG 

K H Q Y T Y F 1 T Q H I K I A W E K L· 
rel TTAAACACCA ATACACTTAT TTTATTACTC AACACATTAA ATCAATCGCA TGGGAAAAAC 

AA.TTTGTGGT TATGTGAATA AAATAATGAG TTGTGTAATT TAGTTAGCGT ACCCTTTTTG 

[ 

~~~~~~~ ~~~~~~~--~~~~~~- ~~~-- - -----------> 
N G V G K L N Y S T L Y 

.~~ TCAACGGAGT AGGAAAATTG AACTACTCTA CTTTGAAATA GTCATTTTTC CGTCAATATT 
AGTTGCCTCA TCCTTTTAAC TTGATGAGAT GAAACTTTAT CAGTAAAAAG GCAGTTATAA 

1 PJ GCTTTATTGT GATATTTAGT GTGGGTTTGA TTGCCAACAC AAGATATATG CTCTTTTAGA 
CGAAATAACA CTATAAATCA CACCCAAACT AACGGTTGTG TTCTATATAC GAGAAAATCT 

~4: TGCTAAATTA GTAGGATTTG CTAACTGATT AGCAGCTAAA AAGGAAGTGA AGTTCTTTAC 
ACGATTTAAT CATCCTAAAC GATTGACTAA TCGTCGATTT TTCCTTCACT TCAAGAAATG 

f. 

9Cl TCTCATACTC TCTACAACCC AATGAAAGTG AAAAGGGCAA GGATACTTTG TG TAACCACA 
AGAGTATGAG AGATGTTGGG TTACTTTCAC TTTTCCCGTT CCTATGAAAC ACATTGGTGT 

F<1 'P 

961 AAG ACCTTGT TTAGGGC GTT GCCCT C CCTTTAGTGG GGGACAAGCC CCCA TGATAA 
TTCTGGAACA AATCCCGCAA CGGGATTTTG GGAAATCACC CCCTGTTCGG GGGTACTATT 

Figure 18 continued. 
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l , 

'I'Gl\GAATGCT TTGAGGGGA'l' AA.7\CCCCTC G CATTCTCAAA AAAAGTTGAC TCCGGTCTCA 
AC1:CTTACGA AA(':'.TCCCCTA TT'l'GGGGAGC GTAAGAGTTT TT'I'TCAACTG AGGCCAGAC; T 

CGTCTCCTCT AGGTGAGGGG TCGTAGTAGG AAAAAACTTT 'I'TTAAAG'I'TT TTTCCGCCCC 
C AGAG GAG AGCATCAT AAA C 

t I TCACCTACCT TTGCAAAAAT ATGTTTTTTG CGTTTTTTTA CCTTCAAGCG TATATTCCAA 
GGA AA.CGTTTTTA TAC"AAAAAAC GCAAAAAAAT GGAAGTTCGC ATATAAGGTT 

1 TGAG'I'TTTTA GTTAAT 
ACTC"AAAAAT CAATTA 

Figure 18 continued. 
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Table 8. Percent GC of H pylori Plasmid and Chromosomal DNA. 

%GC Plasmid/Chromosomal DNA Geograghic Region 
33.1 pHPM185 North Texas 
33.3 pHP489 Korea 
33.4 pHPM8 North Texas 
33.8 pAL236-5 Alaska 
34.0 pHPG27 Italy 
34.0 pHP69 Korea 
34.3 pAL202 Alaska 
34.3 pHeL4 Germany 
34.4 pHeL5 Germany 
35.0 pHPP12 Germany 
35.1 pHeLI Germany 
35.3 pHP51 Korea 
35.5 pHPM179a North Texas 
35.6 pHP666 Italy 
35.8 pAL226 Alaska 
35.9 pAL236-l l Alaska 
35.9 pHPM186 North Texas 
36.2 pHPM179b North Texas 
36.2 pHPOI00 China 
36.4 pHPAGl Sweden 
36.8 pHPK255 United Kingdom 
37.0 pHPM180 North Texas 
37.3 pHPSl Australia 
37.5 pAL236-2 Alaska 
38.0 pKU701 Japan 
38.0 P12* Germany 
38.0 Shi470* Peru 
38.0 Bl28* United States 
38.9 26695* United Kingdom 
38.9 G27* Italy 
39.0 HPKX 438 CA4Cl * Sweden 
39.0 HPKX 438 AG0CI * Sweden 
39.1 HPAGI* Sweden 
39.2 199* United States 

* Chromosomal DNA 
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Figure 19. A diagram of pAL236-5 showing Promoter Regions, Ribosome Binding Site 
(RBS), Open Reading Frame (ORF), Inverted Repeats (IR), Direct Repeats (DR), DnaA­
Binding Site, and Double-Stranded Origin (DSO). Blue vertical lines represent 
promoters (-10 and -35), RBS, IR, DR, and DnaA-binding site. Maroon box represents 
DSO. Arrowhead represents putative ORF and the direction of translation. The single 
restriction endonucleases site, EcoRI was assigned as nucleotide number 1. 
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The ORF 1 amino acid sequence of pAL236-5 showed identity to the replication 

protein, Rep, of H pylori plasmids pHPK255, pHP489, and pAL236-2 (see Table 9c). 

The highest alignment, with pHP489, is shown in Figure 20. As for nuc1eotide identity, 

the or/7gene, nt 114-758, showed identity to the orfllrep nucleotide sequences of three 

H pylori plasmids: pHPK255 (78%); pHP489 (85%); and pAL236-2 (55 %). 

Unlike other plasmids found in H pylori, which replicate by the theta mechanism, 

pHPK255, pHP489 and pAL236-2 replicate via the RC mechanism. There were 

additional identities ofORFl/Rep to several Rep proteins of RC plasmids from unrelated 

species including Lactobacillus plantarum (39%), Lactococcus lactis (37%), and 

Staphylococcus aureus (41%). Interestingly, ORFl/Rep ofpAL236-5 appeared to have 

no identities with any plasmid Rep proteins involved with theta replication from H pylori 

or from unrelated species. As a result, ORFl/Rep identity with Rep proteins of RC 

plasmids pHPK255, pHP489, and pAL236-2 along with Rep proteins of RC plasmids 

from unrelated species indicated that pAL236-5, like pAL236-2, should replicate as a RC 

plasmid. 

The ORFl/Rep protein consisted of 215 amino acid residues. Submission of the 

ORFl/Rep ofpAL236-5 to the Conserved Domain Search of BLASTP at NCBI indicated 

that this protein contained a conserved domain that belongs to the Rep_2 superfamily. 

This result indicated pAL236-5 should replicate by the RC mechanism as replication 

proteins of pHPK255, pHP489, and pAL236-2 also contained this conserved domain. 
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Table 9. Analysis of ORFl from pAL236-5. a) ORFl analysis by Vector NTI Advance™ 
11. b) Promoter and RBS locations. c) Nucleotide identities of ORF 1 with known 
plasmid sequences. 

a) 

ORF Sequence Length M.W. 1 IJ>1 
n.t.# a.a# 

I 114-758 215 25494 7.26 

I-Molecular weight; 2-Isoelectric point. 

b) 

Promoter RBS 
-35 -10 

5' TTGACA 3' 5' TATAAT 3' 5' AGGAGG3' 
TTGATA I TAGAAT AGGACA 

(21-26) (44-49) (103-108) 

c) 

ORF Main Percent Proposed 
Identities Identity Function 

1 ReppHP489 86 Plasmid Replication 
ReppHPK255 38 
Rep pAL236-2 39 
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Figure 20. Amino acid alignment ofORFl with Rep from pHP489. 
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ORFl/Rep was analyzed using Vector NTI® AdvanceTM 11 which indicated that 

the protein had a molecular weight of 25494 (25 kDa) and a isoelectric point of 7 .26 (see 

Table 9a). Additional analysis of ORFl/Rep was performed by software programs 

available through ExPASy Proteomics tools. SOSUI determined ORFl/Rep is soluble. 

Analysis with TMHMM determined that ORFl/Rep did not contain any transmembrane 

helices. ProtParam determined that ORF 1 /Rep was unstable with an instability index (II) 

of 41.41. 

The region of pAL236-5 with no ORFs was determined to contain non-coding 

sequences. The non-coding sequences were located at nt positions 1-113 and 759-1216, a 

total of 571 nt. Results from submission to BLASTN at NCBI, indicated that the non­

coding region of pAL236-5 had short sequence identities with two non-coding regions of 

other H pylori plasmids: pHP489; pHPP12; pHPM180; pHPSl; pAL226; and pHPAGl. 

These results are shown in Table 10. The identities with pHPM180, pHPSl, pHPAGl, 

and pHPP12 included the R2 repeat regions found on these plasmids. Plasmid pAL236-5 

also had several identities with non-coding regions of H pylori plasmids: pHPG27; 

pHel4; pHP69; pHPOlO0; pHPM8; pHell; and pHP666, also shown in Table 10. 

The non-coding region identity with pHP69 included the common region (Cl), also 

shown in Table 10. Of these plasmid identities, the non-coding region of pAL236-5 only 

had identity with one RC plasmid, pHP489, and did not have any identity with the RC 

plasmid pHPK.255. Interestingly, the remaining identities were with plasmids that 
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Table I 0. Non-coding Region Identities of pAL236-5 with Other H pylori Plasmids. Plasmid 
features located within the non-coding region are indicated. (IR= Inverted Repeat, R2=Repeat 
Regions, Cl=Common Region). I- R2 repeat regions identified in this study. 

pAL236-5 Main Plasmid Plasmid Coding Percent 
Sequence Identities Sequence Region Identity with 

(nt) (nt) pAL236-5 

920-1058 pAL236-2 l008-1148 (IR) 87% 

l-l 13,759-1216 pAL236-l 1 1663-2190 Non-Coding 42% 
1-327, 2551-3148 Non-Coding 32% 

804-873 pHP489 1152-122 l Non-Coding 78% 
I 065-1148 1048-1131 Non-Coding 91% 

795-898 pHPPl2 5892-5995 (R2)1 85% 
6621-6724 (R2)1 85% 

787-898 pHPG27 9594-9705 Non-Coding 80% 

787-898 pHPMl80 1764-1837 (R2) 85% 
825-898 2032-2144 (R2) 77% 

828-898 pHel4 5770-5840 Non-Coding 87% 

803-898 pAL226 9406-9501 Non-Coding 78% 
931-963 931-963 Non-Coding 90% 

804-899 pHP69 8657-8752 (Cl) 83% 

804-898 pHPOI00 605-700 Non-Coding 78% 

795-894 pHPSI 2861-2960 (R2) 81% 
5400-5499 (R2) 81% 

795-898 pHPAGI 2921-3024 (R2)1 75% 
8910-9013 (R2)1 75% 

795-867 pHPM8 6-78 Non-Coding 78% 

795-868 pHell 9-82 Non-Coding 77% 

931-964 pHP666 613-646 Non-Coding 91% 
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replicate by the theta mechanism. Results of the BLAS TN search also revealed a short 

sequence of pAL236-5 (931-954 nt) that had identity to a non-coding region of the 

genomic sequence of H pylori strain P12 (Table 11). The non-coding region of pAL236-

5 was submitted to BLASTX, which indicated that the pAL236-5 non-coding region did 

not have significant identity to any H pylori chromosomal, plasmid, or non-reiated 

species proteins. 

The search for repeated sequences revealed that pAL236-5, like pAL236-2, did 

not have Rl, R3, R4 repeat regions or H pylori specific IS elements. Although pAL236-

5 had a small identity to the R2 repeats found on pHPM180, pHPP12, pPHAGl and 

pHPSl (see Table 10), no complete set of R2 repeats was found on pAL236-5. Plasmid 

pAL236-5 did not contain any iteron sequences, unlike the iterons found on RC plasmids 

pHP489, pAL236-2, and other H pylori plasmids that replicate by the theta mechanism. 

Instead of containing iterons, pAL236-5 had a two time 5 bp direct repeat (DR) (see Fig. 

18 and Fig. 19). Direct repeats are found also on RC plasmid pHPK255, where they 

consist of a two time 7 hp repeat. They were, however, not identical to the DRs of 

pAL236-5. Also found on pAL236-5 were several inverted repeat (IR) sequences which 

included IRl, IR2, IR3, and IR4 (see Fig. 18 and Fig. 19). Plasmids pHPK255 and 

pHPK489 also contain IR sequences, but only IR3 of pAL236-5 was similar to an IR 

sequence found on pHPK255, similar to the IR3 of pAL236-2. Besides identity with the 

Rep of pHPK255 this IR3 appeared to be the only other area of identity between 

pAL236-5 and pHPK255. Also, IRl and IR3 were exactly identical to IR sequences 
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Table 11. Non-coding Region Identities of pAL236-5 with H pylori Genomic Sequences. 

pAL236-5 Main Genomic Coding Percent 
Sequence Genomic Sequence Region Identity with 

(nt) Identities (nt) pAL236-5 
931-954 P12 180863-180896 Non-coding 91% 
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found on pAL236-2, while IR2 and IR4 were similar to IR sequences on pAL236-2. The 

exact role these IR repeats have in pAL236-5 is not known and requires further research. 

An important feature indicating that pAL236-5 replicates by the RC mechanism 

consisted of a possible gouble-§tranded Qrigin (DSO). The DSO of pAL236-5 was 

located at nt positions 1090-114 7 (see Fig. 18 and Fig. 19). It consisted of two inverted 

repeat sequences IR5 ( 1090-1100, 1137-1147 nt) and IR6 (1109-1120, 1124-1135 nt) 

(see Fig. 18 and Fig.19). Within the DSO region, besides IR5 and IR6, were the 

nucleotides that could be involved with the DSO nick site (1101-1108 nt) (see Fig. 18 and 

Fig. 19). The DSO could potentially form a hairpin-loop structure with the nick site 

located at the side of the hairpin-loop (Fig. 21). Downstream of the DSO were the DR 

sequences that could be involved with attachment of the replication protein that would 

allow access to the nick site to initiate plasmid replication (Fig. 21 ). 

Out of the 17 groups of RC plasmids described by Khan (2005), pAL236-5, like 

pAL236-2, could belong to Group II. Evidence for this included the homologies of the 

Rep protein with other members of this group including pHPK255 and pHP489 

(http://essex.ac.uk/bs /staff/osborn/DPR_home.htm). Plasmid pAL236-5, like pAL236-2, 

along with other members of this group, contain a conserved DSO nick sequence 

(TACT ACG/ A) where the / represents the cleavage site by the Rep protein that initiates 

leading-strand replication ( del Solar et al., 1993; Kleanthous et al., 1991; del Solar et al., 

1998). Plasmid pAL236-5 contained the exact same DSO nick sequence that is found on 

pHPK255 and pHP489. Additional evidence indicated that pAL236-5 was an RC 

plasmid and belonged with Group II of RC plasmids, similar to pAL236-2, was found 
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3'AAAGG GAGGAGACGTGAGACCGGAGTCAACTTTTTTTGAGAATGC5' 
DR DR 

Figure 21. Graphic representation of the potential Hairpin-Loop Structure in the Double­
Stranded Origin (DSO) of pAL236-5 formed by Inverted Repeats (IR) 5 and 6. The nick 
site sequence (TACTACG/A) is located on this side of the hairpin-loop structure with a 
line representing where the replication protein of pAL236-5 nicks the plasmid DNA. 
Downstream of the hairpin-loop structure are two direct repeats where the replication 
protein could bind allowing access to the nick site to initiate plasmid replication. 
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within the Rep protein itself. Located on the Rep protein was several protein motifs that 

can be found on RC plasmids (Fig. 22 and Fig. 23 ). Plasmid pAL236-5 appeared to have 

all five of the protein motifs as well as pHPK.255, pHP489, and pAL236-2 (Fig. 23). 

The next feature examined on pAL236-5 was the ~ingle-~tranded Qrigin (SSO). 

The DNA sequence of pAL236-5 was compared to identified SSOs including ssoA, ssoU, 

ssoT, and ssoWand the SSO found on pHPK255. As a result, pAL236-5 appeared to 

have no sequences that could be involved with a..r1 SSO. However, unlike pHPK255, 

plasmids pHP489 and pAL236-2 appeared to lack an SSO. As described previously with 

pAL236-2, a possibility does exist that an unknown sequence or sequences could act as 

an SSO on pAL236-5 to help convert ssDNA to dsDNA. However, further research is 

needed to confirm this possibility. 
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MPNSTEKLAK NTTARHWTIL IYPESVNPNF KDILCKPTMA FQWVLSPLf-lD 

KDL NDDGTLK KP HY LLLVF ENAVRI NIIL EICRSINAPE YAEQIRGGIT 

KFYE YLTHKN HPNKAQYNQ Y NESDIECSNG FDIKDYMSLK ELKKLDDLI L 
DEIFDFIERN EIVSFRHLLA YSKQFKPEWF YLLKHQYTYF ITQHIKSIAW 
EKLNGVGKLN YSTLK 

Figure 22. Replication motifs of pAL236-5. Amino acid sequence with motifs 
represented by red wavy lines and amino acid residues indicated by blue letters; motif 1 
(17-26 aa), motif2 (44-53 aa), motif 3 (60-70 aa), motif 4 (98-111 aa), and motif 5 (117-
119). 
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Figure 23. Replication motifs of pAL236-5 compared to pHP489 and pHPK255. Replication 
motifs of pAL236-5 compared to pHP489 and pHPK255. Protein motifs are represented by 
boxes. The possible metal-binding domain of motif 3 is indicated by bold red letters. A 
conserved tyrosine residue of motif 4 and motif 5 is indicated by a bold red letter. 
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ANALYSIS OF NON-CODING REGIONS BETWEEN pAL236-2, pAL236-5, AND 
pAL236-11 

Plasmid pAL236- l l has two non-coding regions located at the end of ORF 1 to 

the beginning of ORF2 at nt positions 1663-2190 (538 nt) and from the end of ORF2 to 

the beginning of ORFl at nt positions 1-327 and 2551-3148 (925 nt) previously shown in 

Figures 8 and 9. The non-coding region of pAL236-2 is located from the end of 

ORF I/Rep up to the beginning of ORFl/Rep at nt positions 1-99 and 793-1448 (755 nt) 

previously shown in Figures 12 and 13. For plasmid pAL236-5, the non-coding region is 

located from the end of ORF I/Rep up to the beginning ofORFl/Rep at nt positions 1-

113 and 759-1216 (571 nt) previously shown in Figures 18 and 19. Each non-coding 

region of pAL236-2, pAL236-5, and pAL236-11 were compared and analyzed with each 

other utilizing AlignX® on Vector NTI® Advance TM 11. 

Results of comparing both non-coding regions of pAL236-1 l against the non­

coding region ofpAL236-2 indicated identities of35% and 41% respectively (see Table 

5). When comparing the non-coding regions of pAL236-11 against the non-coding 

region of pAL236-5 results indicated identities of 42% and 32% respectively (see Table 

5). Based on the alignment of these nucleotide sequences no significant area of identity 

was observed. 

The non-coding region of pAL236-2 was compare with the non-coding region of 

pAL236-5. Result indicated that both regions had 48% identity with each other. 

However, when comparing these sequences only a small area of identity was observed. 

As a result, 141 nt of pAL236-2 (1008-1148 nt) was analyzed against 139 nt of 
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pAL236-5 (920-1058 nt). Interestingly, these two regions shared 87% identity and 

appeared to be the region that contained the inverted repeats (IR) found on both plasmids 

(see Tables 7a and 10). 

PHYLOGENETIC ANALYSIS OF REPLICATION PROTEINS FROM H. pylori 
WITH GAPS INCLUDING pAL236-2, pAL236-5, AND pAL236-11 

The replication protein sequences were obtained and analyzed from the following 

H. pylori plasmids: pAL236-2; pAL236-5; pAL236- l l; pAL202; pAL226; pHPM8; 

pHPM179; pHPM180; pHPM185; pHPM186; pMCUl throughpMCU7; pHell; pHel4; 

pHel5; pHP69; pHP666; pHAGl; pHPG27; pHPP12; pHPSl; pHPSl; pHPOl00; 

pKU701; pHP489; and pHPK255 (see Table 1). Each Rep protein was numbered 1 

through 3 3 to assist with identification of the Rep proteins when constructing 

phylogenetic trees. The Rep proteins were submitted to the web server ClustalW2 

(http://www.ebi.ac.uk/Tools/ clustalw2/index.html) (Larkin et al., 2007) and placed into a 

global multiple sequence alignment (MSA) using the default ClustalW2 settings. Each 

MSA was color coded bases on percent identity of the amino acids of the Rep proteins 

with the consensus of the MSA and was indicated with blue colors. Following 

completion of the MSA, phylogenetic trees of all H pylori Rep proteins were constructed 

as cladograms based on average distance using percent identity utilizing Jalview (Clamp 

et al., 2004, Waterhouse et al., 2009). 

As shown previously, several plasmids have unique features of their respective 

replication proteins that are not found with other H pylori plasmids. First, the rep gene 

sequences for plasmids pMCU l through pMCU7 were obtained utilizing primers to 
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obtain the middle regions of the repA gene. As a result, the complete sequences of their 

RepA proteins were not reported. They are missing the N-terminus as well as the C­

terminus sequences, but are assumed to replicate by the theta mechanism. Second, 

plasmid pHPAGl has two different repA genes identified as ORF P00l and ORF P003 

that each encodes RepA. Lastly, plasmid pHPSl encodes both RepA and RepB proteins. 

The first MSA alignment involved all of the Rep proteins from H pylori and included 

gaps in the sequences (Fig. 24). 

Based on the MSA alignment, the plasmids with RepA which includes pAL202 

(#1), pAL226 (#2), pHPM8 (#10), pHPM179 (#11), pHPM180 (#12), pHPM185 (#13), 

pHPM186 (#14), pMCUl through pMCU7 (#16-22), pHell (#3), pHel4 (#4), pHel5 (#5), 

pHP69 (#6), pHP666 (#7), pHAGl (#8 and #9), pJ-IPG27 (#23), pHPSl (#15) and 

pHPP12 (#24) share the greatest identity with the consensus sequence and show a strong 

conserved middle region, while the amino acid identity varied at the N-terminus and C­

terminus. Plasmids encoding RepB, including pHPSl (#27), pHP51 (#25), pKU701 

(#28), pHPOlO0 (#26), and pAL236-11 (#29), appeared to have no significant amino 

acid identity to the RepA proteins or the consensus sequence. RC plasmids pAL236-2 

(#32), pAL236-5 (#33), pHP489 (#30), and pHPK255 (#31) also appeared to have no 

significant amino acid identity to RepA, RepB, or the consensus sequence. However, 

RepB plasmids did have more amino acid identity with the consensus sequence than did 

Rep. 
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Figure 24. ClustalW2 multiple sequence alignment of all Rep Proteins from H pylori 
Plasmids with gaps. Percent identity of amino acids with consensus are shaded. RepA, 
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are indicated with arrows. 
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Figure 24 continued. 
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33pAL23G-5 • • • · • • • • • • • · • • • • • • • • • • • • · · • · - • - · • • · MP NS TE AKN TT AR HWT IL I Y 
31-pH'K25fJ • ·· · · - ·· ·· · · ··· · - · ·· · · · - MPKKOPNSAETHSKHDKYNQENAPYKAFGFI IY 
32-pAL23G-2 - - - - · • • · · · - · - - · · • • • · · · • · MPKKRLNSAETHSKYAKYNAKNPPCKTYGF LI Y 
25j,fl'f,1 PVTKKEEEMFEVMAIFKRIQYLKR VICYQLND PYLLG SKNFT IPLOHILP 

28-pl(U701 - - • · · · · - • · · -MPLFKFLDYTKGO TI KYQLNDC PYLLG RKNFT I PLOH I LP 

2Gj:JH'0100 -········ ·• •MAIFKRIOYLKR VICYOLNDC PYLLG SKNFT IPLOHILP 

29-pAl...236-11 PVTNKEIERFKSMPLFKFLEYTKGE TINYQLNDC PYLLG KKNFT IPLQHILP 
27-pJ-1'S1 PETNKEDELFEVMAIFKRIQYLKK PYLLG RKNFT IPLORILP 

C 
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1~ 11ll 200 210 220 
I I I I 

-11-pll't,lf 79 Kl YDN - · QVCE 

21-fJIICUt3 Kl YDN- • EVROI I VNGREC VSEKN QVCE 

5-pHel5 DI NE- - SEVVI S TETS- • I OEN -· SRC 

7~ DI SEVV 11 I OEN-· SRC 

9,pfl'AG·t-P003 D I NE- - SEVV I . TETS- · I OEN- - SRC 
14-p}ffl186 RSG • - • · - - - ·· - • I TETS - - IOAD • • SRC 

1G-pMCU1 DI NE-· R SEVVI T ETS - - I OEN • · SRC 

22-pllCifl DI NE-· R SELVI TETS- • I OEN -· SRC 

2()pllM, DI NE-· R SEVVI TETS - - I OEN - - SRC 

Rep 
10-pH'fl8 DI NE-· R SEVVI 

24-pfl'P12 DI NE-· R SEVVI 

TETS- • I OEN-· SRC 

TETS - - I OEN - · SRC 

13-pH'f,118§ DI NE- · R SEVVV I OEN - -

6-pH369 DI NE-· R SEVVI FQEN • · 

1Spll'S1 KSNLTNRC HVENGE YEDHTS 

18,pNC(/3 KSNLTNRQ N HVENGEVYEDHTS 

17-pMCIJ2 KSNLTNRO R HVENGE YEOHT 

1-pAL102 KSNL TNRQ N R HVENGE YEDHT 

~1 KSNLTNRC N R HVENGE 

N R HVENGE YEDHTS 4-pHel4 KSNLTNRQ H 
N R HVENGE YEDHT Spfl'AG1-P001 KS NL T NRQ H 

2-pAL226 KSNL TNRQ LC I LKN R HVENGE 

19-pMCl/4 KSNLTNRQ LQILKN I R HVENGE 

12-pfffl100 KSNLTNRQ N R HVENGE 
23;,H'G27 KSNL TNRQ N R HVENGE 

E
3().pH'489 PE VN- - ---PNFRDILCNPT FE LSPLHDKDLNDDGTPKKPHHHLLLVFDNAV 

Rep ~AL23G-5 PE VN- • · • - PNFKDILCKPT FQ LSPLHDKDLNDDGTLKKPHYHLLLVFENAV 
31-pll'K255 P E AT . • · • · P NF VE I L N • E NF D G S AL SP L H DK D L NED GS H K KPH HA I I VF D Q 
32-pAL23G-2 P E AD . . . • - P NF R G I I S - E NF D G S AL SP L HD SD M HE D G Tl K KP HY HG I I TF D Q 
2f>pll'51 IR GYAIRIYQILLSELKQNRNEVDLYLINLODVLCVPKSYYAWKD KNNVLEPSLK 

28-pl(Vl01 IR GYA IR I YQMLLSELKONRNEVDL YL I NLQDVLCVPKSMYAWI D KRNVLEPSLK 

RepB 26,,pll'0100 IR GYAIRIYQMLLSDLKONKNEVTRTLI LODVLCVPKSMYAWID KRNVLEPSLK 

29-pAL23G-11 IR GYA IR I YQMLLSOLNQNRNEDTRTL I LQD I LCVPKSYYVWKD l<NNVLEPSMK 

27-pH'S1 IR GYA IR I YO I LL SEL KQ NRNEVEMNLL YLO DMLCVPKSL YI WDN KRE IL EP SL K 
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~ 250 
I I 

1 'f..pfAl1'19 

21-p!ICI.Je 

~5 SKDL 
7-plff,f,R, SKDL 
9-pH'AG1-P003 SKDL 
11-p/ff186 SKDL 
1GpMCJJ1 SKOL . ....... - .. . 
22-pllCi.ll SKOL 
~ SKOL 
10pfAl8 SKOL 
24-pH'P12 SKDL 
13-pl-Al18§ SKDL 
f,pH'69 SKDL 
15,pH'S1 TOT .... .. .. ... . .. 

18-pMCU3 TOT 
17-pMCIJ2 TOT .... . ... .. - . 

1-pAJ...202 TOT 
~1 TOT 
4-pH!J4 TOT 
8-pfl'AG1-P001 TOT 
2-pAl.226 TOT 
19-pMW4 TOT 
12-pH'fl180 TOT 
23j,H'G27 TOT E~ RIN ILEICRAINAPE ---· · ···· 
33-pAl.2~5 RIN ILEICRSINAPE - - - - - - - - -
31-pll'K255 RPAAVKKLL 
32-pAl.2~2 RPSALKRILE VGANP -- · · ····• FVIAYTNSERVKGAYEYFTH G~1 EINATTOILASYRTKKEROK ITOIVFEICYKDLOKRKDQAKD 0 IOIEVI p T 
28-pl(U701 EINATTDI IASYSTKKEROKITOIVFEICYKDLOKRKDOAKD IOIEVI p T 
2GpH'0100 EINATTDI IASYRTKKRTQK ITOIVFEICYKDLOKRKDQAKD IQIEVI p T 
29pAL2~11 EINATTDIVASYRTKKQRQK ITE IVFEFRYKDTQKCKDOAKD I QMEV I p T 
27-pH'S1 EINATTDIVADYRPLKQRQK IVKLAFE ICYKDLORRKDOAKD IOTE I IEP A 

Consensus 

T++l+YLEIOLND+YO+ROKITOIVYLLNNLGMGGQYTSFNLLEFORVRGKYAKTLY 
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9-pH'AG1-P003 

14-pJ,Al186 

16-pMCU1 
22-pllCIJl 
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24-pH'P12 
13-plffl18f, 

frpfl'69 
15,pff'S1 

1SpftlCU3 

17-pflCl./2 
1-pAL.202 

~1 

~4 
Spff'AG1-P001 

2-pAL226 

19-pMCU4 
12-pH'M18() 

23-pff'G27 

NOYNESDIECSNGFDIKDYM 
Rep E=::5 

31-pH'K25fJ --- DKSEIOHFKGFDIDD KSKKELKELEL --- OLISDIEFFIQ QGITEYSDLFFW 
32-pAL2~2 

=:;1 
RepB 26-pH'0100 

2!).pAL23'-11 
27-pH'S1 

-- -NETGIQLFNGFDIND KS 
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E KDKTLAYPTDPLDENAI I 
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---11-plfflfl9 

21-pMCUS 

~5 

7~ 
9-pH'AG1-P003 
14-p}ff 18f, 

1f,.pMOU1 
22jJIICI.Jl 
20-pMCI.Jf, 
1Q.p}ffl8 

24;,H'P12 
13-pH'll18§ 

6-pJl'69 

1f,.pfl'S1 

18-pMCIJ3 
17-pMCUl 

1-pAL102 

~1 
4-pHe/4 

8-p/FAG1-P001 

2-pAl..126 
19-pMCl./4 

12-pH'fl180 

23j,H'G27 

Rep E=~ 31-,,H'll.25fJ 

32-pAL2~2 =~1 RepB 26-(.H'0100 

29-pAL2~11 
27-pH'S1 

C 

380 
I 

S OFKPEWFYLLKHQYTYF IT 

300 
' 1-VAWDI NN · · · · · 

0 

L VAWD I H N · · · • · 
l lAWDI.HK · • · · · 
l V,AWD I H N · · · • · 
LIAWOIHKLKA I K 

L V AWD f N N · · · · -
L IAWDIHN- · - - · 
LVAWD I NH - - - - -
L V AWi> I N N - · - - -

Ll~WDI KR - - - - -

L VAWD I N N - · - · -
LIAWD I HN- - - - -
LIAWDIHN- · - - -
LVAWD I HN- • - - -
L IAWD INN- · · - -

LI AWD I HN - - - - -
LI AWD I HN- - • - -

AMDNOPKW~ LLRHKYTRHIT ITSQ-REKHRR- · ·· · · · ·· ······ ··· ... . . 
AYRPEWFEFLTESHSYIVINFIKSMSWEKEKRl•NLDISKL ELPTE•· · ·· ·· · 

SSANQIEKL AMHENYEK f lQNASKILKN DGKGTAYIQQ OENLKKRKEEEAKA 
SSANOIEKL AMHENYEK FIONASKILKN DGKGSVYIQO OENLKKRKEEE·KA 
SNANOIEKL AMHGSYKK F TONASK I LKN DGKGSVYIQQ OENLKKRNEEE-- -
SNAKOIEKL AMHENYKK F TONAS I< I LKN DGKGSVYIOE OENLKKRKEEEAKA 
ANASQVEKL AMHERYEQ F TONASKVLKN DGKGLAYAQQ ESLKKRMEEY - · -
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Rep 

11-pffflf/9 
21-p!IT.)Jf, 

5¢iJl5 

7~ 

410 420 ~ 44) ~ 
I I I I I 

-OIAKRNAKATMEAR -- . . ... f ( LKTLIGYOFKffNN -GT ILO IDOAJFEKNOMFL 

.Q I AKR,N,AKATMEAR- - · · ·· - · FL LKTL l&YQF RHNDS<? I VLQ I DNT H El<NOMFL 
-EIAKRNAKOTMEAR -- · ··- -FL LKTLJ&YOFRHNDSGIVLOIDHTlfEKNQMFL 

9-prl'AG1-P003 -Q LA.KRNA~ATMEAR · - · - - - -Fl lkJL IGYQf RHNNSG I VLO ID N TTF EKNQMF M 
14-p}Al1~ IEAYl< NKTl<SLKVSQNPLWKLGFLNSKPWSA ISSGTT -WG LFCK LTTPL LKRIKCFC 
1G-pMC(J1 - · - • • - - · - • · • • • · - - • - - - - - - • - . - . • .. • • - - . - . - - - - - - • - - - . . . - - - . . -

22-fJl'IC'Jl - · - - • - · - - - - - - - - - • . - - - - - • - - - - - - . - . - - - • . • - - . • • - - . . • . - - - . . . -
20-p/llC{/5 .. ... .. .................... . . . .... . . . ........... . .... .. . . 

1().pJ-l'Al8 - QI AKRS Tl<AT I EAR - · · · - · -F LElKTL I &YQF RHN - NG TI LO IN DA Tf EKNO -· · · 
24-pl-l'P12 - QI AKRNAKATMEAR · · - · - · · FLELKTL I GYQF RHN- NG TI LO I NOA TF EKNO - · · 
13-pl-PNt85 -0 I SKRSAKATMEAR · · - · · · - f EtKTL IGYQF RHNDSG I I LQ I DNATF EKNOMF L 
&pJ-1'69 -QIA.KRNAKATIEAR- · · · · - -LL ' LKTLIGYQFRHNDSG I ILOIONA.TFEKNOMLL 
15-pJ-1'S1 -OG I IKRSKETLEVR- · · - - -- EMDlKSLIGSLFENPN -GAILKIEN IAKEKNOLFM 
18-pAICIJ3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

17-pl,ICU2 - • • · - - · · - • • · • - · · - - - - . - - - - - - - • - - - - - - - • . - - - - . • • - - - - - - - - - - - . 

1-pAL202 

~1 
4-pHel4 
8,pH'AG1-P001 

2-pN...226 

19-pMCU4 

12-pfl'll180 
23-pH'G27 

-QI AKRNAKATMEAR - - - · - · - Fl lKTt I &YO'F KHNN -GT I LO IN NA TF EKNOMF L 
-QIAKRNAKATIEAR -- - ·· · -FL LKTLIGYQFRHNN-GTILQIDNATFEKNQMFL 
-QIAKRNAKATIEAR -- - · ··- Fl LKTLIGYQFRHNN -GTILQIDNATFEKNQMFL 
-QIAKRNAl(ATMEAR -- - · -- -FL LKTLl&YQFRHNNSGIVLQIDNTIFEKNOMFM 
- KIAKKSAKDTMEAR- -- - - -- Fl 

0

LKTLl&YQFRONNSGI ILOIDNITFEKNQMSM 

-QIAKRNAKATMEAR -- ·· ···FL LKTLIGYQFRHNN -GTILQINNATFEKNOMFL 
-QITKRNAKATMEAR- - · ··-- FL LKTLIGYQFRHNDS~IVLOIDHATFEKNOMFL 

Rep E::;:5 
31-pll'K2!i5 

32-pAL23G-2 

. . ....... .... ... - - .... . - ... . . . . - . . .... .. ... - ... ...... ... . . . . 
.. . - ...... - ... . .. . ......... - ..... - - .. .. ...... - . ...... - . - - - .. .......... .. - . - . . 

:;1 
RepB 26-fJH'0100 

29,pN...236-11 

27-pfl'S1 

I ENKATPTTKAEAVS - · · · · - - IL Kl K- · · · · · KRNVADLFTNNTQEDPPHO - · · · 
IETKATPTTKAEA.VS - · · · · - · IL KIK - · · · · -KRNVADLFSHNTOEDPPNO - · · · 
-- -OPKPTPNTKAMA -- · ·· • - Ml KIK-· ·· ·· KCNAADLFSNNTOEDPPNO - - - · 
IEHKPTPIENNKAID- -·· · •• N KIKNGSFLSKENLRHLFSNHTOEDPPNO --- -
-- KPIEATPNTKEIA - - - · · · · K SLK- · ·· ··· KTLGGLFSNHTOKDPPNP- - - -

I I RH ME 
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RepB 

400 470 4Q) 500 510 
I I I ,1 I 

11-pH'll179 HVL TNKNSOKFS · • • · • - • - •• - - • • · - - - · • - • ·· · - l<IACVOQN I RftnS VC· • · · 

21-pMCl.)6 • • • • • • • • • • • • • • • • • • • • · - • • • • · · • · • • • • • • • · • · • • • • .. • • · • • • · · • • · • 
~5 HVSYPKSKNNK· • · • · · • · • .. - • - • · · - • . SKNNPOtffLVSNKT'FALELLYVN - · G 

7~ HVSYPKSKHN- - - · - • · · · · - · - - · · - · - · · • · - · POJ<F LVSNKTF AL.ELLY IN • · G 

~AG1..poQ3 HVSYPKSKHN - • - • · - • · - - •. • - · · · · - . - · · .. · PCKF LVSNKTF ALELLF VN - -G 
14-pfAl18' MFQPTKTLKNSLCP l RH SLWN F CLRMDTAGKKT I CEKKL I PLKSTLSL TNLLRNL.QN 

16-p!ICU1 · · - · · · - · · · · · • · · · · · · - · · · · · · · · - · · · · - · · - · · · · - · · · · · · · • · · · · • · · 

22-pllCifl · · · · · · · · · · · · · · · · · · · .. · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · 
2().pl,ICiJfJ . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1().pfl'M3 MF LH VLTNKNS · · · · · · - • - • - • - · · · · • · • · - · · · OKF LVSNKH AL ELL YVN • · G 

24j,H'P12 MFLHVSTNKNS· · - · • · - - • · · - - · · · · - · · · · · · - Ql<FLVSNKTFALE LLFVN · -G 
13-plffl185 HVCF PKTKKDP - · · • • · · · • • · • - ·, - · • · · · · · · -1Ql<LRVSSKTFALELLYVS - · G 
6,pJ-1'69 HVS YPKSKNNP • · · · - · · • - - · · - · · · · - · · · · · · · OKLRVSNKHALE FLFVN • · G 

1§.pll'S1 

18-p!ICU3 

171JMCU2 

HI SFPNRKSEP· .. . . . ·· ·· · ······· ·· · ·· ·· OKIPVSOKRYALEFLYVS K· G 

1-pAL202 H VS • • • T N KN S · • • · • • · • - • · • • · • • · • · • • · · · • Q I< F L VS N K TF AL E L l F V N · · G 
~1 ffVSTSK ·•• NS· ····· · ······ ·· · ·•··· .... Ql(fLVSNKTFALELLFVN ·- G 

f.pHel4 HVSTSK- •- NS· ··· · · · ·• ············ . .• • Ql(FLVSNKTFALELLFVN -- G 

8-pH'AG1.p()()1 HVSYPKSKHNP • · - · · · · · • · · · • · • · · - · · · • · · . Ql(fLVSNKTFALELL.FVN• ·G 

2-pAL226 HVSYPKSKHNP• · · • · · · · - · · · • · · · · · · · · · · · · OKFLVSNKTFALELLYIN • ·G 
19-p11Cl14 . . ..... . . ... ........ . ........... . .... . ............... . .. . 

12;,H'fl18fJ HVS T NK• - · NS· · · · · · · · • • · • · · · · · · · · · • · · · QKF LVSNKTF ALEL LF VN • · G 
23-pJ-1'627 HVSYPKSKHNT -· •····· ···· · · ··· ·· ·· .. .. Ql(fLVSNKTFALELLFVN• ·G 

E:::5 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
311J}l'K25!J · · · · • · · · · · · · · · · · · • · · · · • · · · · · • · · · • · · · • · · · · · · • • • · • · • · · · · · · · 

32-pAL23fr2 · · · · • • • • · · · • · · · · • · · • · · • · • · · · · · · · • · · · · · · · · · · · · • · · · • · · · • • · · =~1 
26-pfl'01()() 

29-pAL23fr 11 

27-pH'S1 .... _._., 
V y I .;;> 1 ♦ • . . . . . • • . • • • • • • • • • . . . . . f E f ~ .. G 

Figure 24 continued. 

112 



520 M) 550 
1 I I 

11-pl-Plil 1 '79 • • • • • • • • • • - • • • - - - • - - - - - - - - - • • - - - - • • • - - - - • - • • • • • • · • • • • · • • • 

11-p!,IC(.Jt, • • • • • • · • • • • • • • • • • • · • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • · 
5-pl-~5 YSLKl<D • • - • · • • · HLLEE ID - • PPKI HP· ··· · ··· · I TNEP .. · · · · · • · · · · • · · 
7~ YSLKKD- • - • • · · - :NLLEE to- - PPK I HP -·· ·· · · · · I TNEP · • · · · · • · · • • · • · 
9,pfl'AG1-P003 YSLKKD- • · • · · · -SLLEEID - - PPKIHP- • · · • · · · · iTNEP - · ·· · · • · · · • · · · · 
14-pfffl1~ I SAKRSTS L I SMWI NALRDOY - - LPENHSDCE I ELQSDLCFSPRCGYSCETAQTF HC 

16,,pl,ICU1 • • • • • • • • • • · • • · • · · • • · • • • • · • • • • • • • • · · • · • • · • • • • • • • • • • • · • • • • • 
22jJ/'ICU7 - - - - • - • · · - · - - · • · · · · · - · - · · · • · · · • · · · · · · · · · · • · · · · · · · · · · · · · · · 
20-pMC(lf, . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Rep 
1().plAl8 YSLKKD- • - • · · · -HLLEE I D- - PPKIHP - · · · · · · · - ITNKP· · · · · · · · · · · · · · 
24-pfl'P12 YSLKKD - • - - · - - - SLLEEID- - PPKIHP - - - - - - - - - ITNEP- - · · · · · · · · · · · · 
13-plfftl185 Y S L Kl< D - - - - - - - - N L LE E I D - - P PK I HP - · - · - · · · · I T N E P - • · · · · · · · · · · · · 
f,piff,9 YSLKKDN • - · - - • - LLLEE IE - · PPK I HP - - · · - - - - - I TNEP - - - · · · · · · · · · · · 
15-pll'S1 FTFKKDN- • - - - · - -LLQEIETFTPNIHP- - • - - · • · - ITKEP- · · · • · · · · · · · · · 
18-pltlCtl3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . " . . . . . . . . . . . . . . . . . . . . . . . . . 

17-pl,ICi.J2 • • • • - - - • • - - • • • - • • • • · • · • • · • • · • · • • • • • • · • · • • · • · • • · · · • • • · · • · • 
1-pAL202 YSLKKDS- - - - - - - -LLEErD- -PPKIHP- • - - - - - - - ITNEP- · • · - - - - • · - · · • 
3,pHH1 YSLKKD - - - • - - - - · -MLE IO - - PPS I HP - • • • - • - - - I TNEP - - - - - - • - - · - - - · 
f-pHel4 YSLKKDS - · - - · · • - FLEEID- -PPKIHP- - - · · • · · - ITNEP - · · · - - - - · · · - · -
8-pll'AG1.p()()1 YSLKKDS - - - - - · - - LLEEID- -PPKIHP- • - • - · · · - ITNEP- - - · · - - - - · • - - -
2-pAL226 YSLKKDS - - - • · · - -LLEEID- -PPKIHP- - - - · - - - - ITNEP- - · - · - · - - · - - · · 
19-pMC(/4 .. . . .................. . . ..... ....... . . .... ..... ......... . 

12-pfl'll180 YSLKKDN - - • • - - - - LLEEID- -PPKIHP- • · · · - · • - ITNES- - • - - - · · - · · - · · 
23,p/PG27 YSLKKD - • · - · · · - · -MLEID- -PPS I HT - - · · · · - · - ITNEP - · - - - · - - - · - - · · 

Rep E::::5 : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 
31,pfl'K25fJ - - • · - - - • · · · · · · · · · · · • · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · 

32-pAL2~2 · · - - · - - - - · · · · · · · • · · · · · · · · · · · · · · · · · · · · · · • · · · · · · · · · · · · · · · · · 

R~B ~S;.I : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ~:::::::::::: : : : : : 
C ... ..... 
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A cladogram was constructed based on the MSA for all replication proteins of H. 

pylori including gaps (Fig. 25). Plasmids with RepA were organized into three main 

groups or clades. The first clade consisted of only pHPMl 79 and pMCU6. The second 

clade included pHel5, pHP666, pHPAGl (P003), pMCUI, pHPP12, pMCU7, pMCUS, 

pHPM8, pHP69, and pHPM 185. Within this clade it appears that RepA plasmids were 

divided into smaller sub-clades. 

The first sub-clade consisted of pHel5, pHP666, and pHPAGl (P003). A second 

sub-clade contained pMCUI, pHPP12, pMCU7, pMCU5, pHPM8, pHP69, and 

pHPM185. The third and final clade consisted of pMCU3, pAL202, pMCU2, pHPM180, 

pHell, pHel4, pMCU4, pHPAGl (P00l), pAL226, and pHPG27. However, the third 

clade also revealed that these plasmids belong to several sub-clades. The first sub-clade 

consisted of pMCU3, pAL202, pMCU2, and pHPM180. Plasmids of the second sub­

clade included pHel I, pHel4, pMCU4, pHP AG 1 (P00 1 ), pAL226 and pHPG27. 

Interestingly two plasmids pHPS 1 and pHPM 186 do not fall into any of the three main 

clades and appeared to be outliers of RepA. 

Plasmids within the RepB group, like RepA, replicate via the theta mechanism. 

The RepB plasmids included pHPS l, pKU701, pHPO I 00, pAL236-l 1, and pHPS 1. 

There appeared to be one clade which included all of the RepB plasmids. One sub-clade 

was found with RepB that included pHPS l, pKU701, pHPO 100, and pAL236-1 l. 

However, pHPS 1 was an oll:tlier of the sub-clade for RepB proteins. 

Besides RepA and RepB another type of replication protein can be found in H. 

pylori involved with RC replication and has been termed Rep. The Rep of RC plasmids 
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Figure 25. Average distance tree based on percent identity of the multiple sequence 
alignment of all Rep Proteins from H pylori with gaps. RepA, RepB, and Rep 
plasmids are indicated by a box. Plasmids pAL236-2, pAL236-5, and pAL236-11 
are indicated with arrows. 
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included pHP489, pHPK255, pAL236-2, and pAL236-5. These plasmids formed one 

clade that appeared to have two sub-clades. The first sub-clade contained pHP489 and 

pAL236-5 and the second sub-clade contained pHPK255 and pAL236-2. 

PHYLOGENETIC ANALYSIS OF REPLICATION PROTEINS FROM H. pylori 
WITHOUT pMCU1-pMCU7 (#16-22) WITH GAPS INCLUDING pAL236-2, 
pAL236-5, AND pAL236-11 

Since pMCUl through pMCU7 (#16-22) lacked N-terminus and C-terminus 

sequences, a second MSA was performed without these plasmids (Fig. 26). MSA results 

indicated that plasmids with RepA still had a well conserved middle region with the 

greatest identity to the consensus sequence. However, without pMCU1-pMCU7, there 

was more identity with the consensus sequence at the N-terminus and C-terminus of the 

RepA proteins than in the previous MSA. There were still areas of the MSA lacking 

identity with the consensus sequence. Interestingly, pHPM186 contained the conserved 

middle region and appeared to have the least similarity with both RepA and consensus 

sequences of both MSA. Plasmids with RepB and Rep still appeared to have no 

significant identity with the consensus sequence of the MSA. However, like the previous 

MSA, RepB did share more amino acid identity with the consensus than did Rep. 

A cladogram was constructed based on the MSA lacking pMCUl through 

pMCU7 sequences (Fig. 27). Plasmids with RepB and Rep in the cladogram were 

arranged with each other the exact same as in the previous cladogram. For plasmids with 

RepA the cladogram showed two main clades, unlike the previous cladogram with three 

clades. The first clade consisted ofpAL202, pHPM180, pHPG27, pHell, pHel4, 
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Figure 26. ClustalW2 multiple sequence alignment of Rep Proteins from H pylori 
Plasmids without pMCUl-7 (#16-22) with gaps. Percent identity of amino acids with 
consensus are shaded. RepA, RepB, and Rep are indicated by boxes. Plasmids · 
pAL236-2, pAL236-5, and pAL236-11 are indicated with arrows. 
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Figure 27. Average distance tree based on percent identity of the multiple sequence 
alignment of Rep Proteins from H pylori without pMCUl-7 (#16-22) with gaps. 
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pHPAG I (P00 1 ), and pAL226. However, the first clade also revealed that these plasmids 

belonged to sub-clades. 

The first sub-clade consisted of pAL202, pHPMl 80 and pHPG27. The second 

sub-clade contained pHel 1, pHel4, pHP AG 1 (P00 1 ), and pAL226. The second clade 

contained pHP69, pHPM8, pHPP12, pHPM185, pHel5, pHP666, and pHPAGl (P003). 

Within this clade these plasmids were divided into sub-clades. The first sub-clade 

contained pHP69, pHPM8, pHPP12, and pHPM185. Plasmids of the second sub-clade 

included pHel5, pHP666, and pHPAGI (P003). Three plasmids, pHPMI 79, pHPSI , and 

pHPM 186 were outliers that do not fall within the two main clades for RepA. 

PHYLOGENETIC ANALYSIS OF REPLICATION PROTEINS FROM H. pylori 
WITHOUT GAPS INCLUDING pAL236-2, pAL236-5, AND pAL236-11 

For the final MSA all of the replication proteins were included with gaps removed 

(Fig. 28). MSA of the replication proteins showed results similar to the first two MSA 

analyses. The plasmids with RepA had a central region that has the greatest amino acid 

identity with the consensus sequence. With plasmids that contained RepB and Rep, the 

MSA showed no significant amount of amino acid identity with the consensus. However, 

as the two previous MSA showed RepB had more amino acid identity with the consensus 

than did Rep. 

A cladogram was constructed based on the MSA of the replication proteins of H 

pylori without gaps (Fig. 29). Plasmids with Rep and RepB were arranged with each 

other the same way as the previous cladograms showed. As observed with the previous 

cladograms, the largest arrangement of the replication proteins involved RepA. 
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Figure 28. ClustalW2 multiple sequence alignment of all Rep Proteins from H pylori with 
no gaps. Percent identity of amino acids are shaded. RepA, RepB, and Rep are indicated 
by boxes. Plasmids pAL236-2, pAL236-5, and pAL236-11 are indicated by arrows. 
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Figure 28 continued. 
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Figure 29. Average distance tree based on percent identity of the multiple sequence 
alignment of all Rep Proteins from H pylori Plasmids with no gaps. RepA, RepB, 
and Rep plasmids are indicated by a box. Plasmids pAL236-2, pAL236-5, and 
pAL236-11 are indicated with arrows. 
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Each plasmid within the ~epA group fell into one of the three clades. The first 

clade only contained plasmids pHPMl 79 and pMCU6. The second clade contained 

plasmids pHel5, pHP666, pHPAGl (P003), pHPP12, pMCU7, pHPM8, pMCU5, 

pMCUl, pHPM185, pHP69, and pHPM186. This clade was div~ded into smaller sub­

clades. The first sub-clade had two plasmids pHel5 and pHP666. A second sub-clade 

included pHPAGl (P003) and pHPP12. The third sub-clade contained pMCU7, pHPM8, 

and pMCU5. The fourth sub-clade contained pMCUl and pHPMl 85. Plasmid pHP69 

appeared as an outlier of the fourth sub-clade, while plasmid pHPM186 was an outlier for 

the entire second clade. 

Finally, the third clade consisted ofpHPSl, pHPG27, pMCU3, pAL202, pHell, 

pHel4, pHPAGl (P00l), pMCU4, pAL226, pHPM180, and pMCU2. Within this clade 

several sub-clades were observed. The first sub-clade contained only pHPS 1 and 

pHPG27. Tp.e second sub-clade contained plasmids pMCU3, and pAL202. The third 

suh-clade contained pHell, pHel4, pHPAGl (P00I), pMCU4, and pAL226. Plasmids 

pHPMl 80 and pMCU2 appeared as outliers for the third sub-clade. An interesting 

feature of this cladogram compared to the previous cladograms for RepA is that no 

outliers were observed. 
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CHAPTER IV 

DISCUSSION 

The plasmids utilized in this study were obtained by Rickets, who randomly 

inserted the EZ-Tn5™ <R6Kyori/KAN-2> transposon into the total plasmid DNA of H 

pylori strain AL236. Rickets identified three recombinant plasmids: pAL236-2; pAL236-

5; and pAL236-11, each containing the EZ-Tn5™ <R6Kyori/KAN-2> transposon. The 

initial DNA sequence of each plasmid was obtained utilizing transposon specific primers. 

However, the complete DNA sequence of each plasmid was not obtained. As a result, 

unlabeled primers were designed to produce M 13 PCR products, specific for each 

recombinant plasmid, containing either a M 13 forward or M 13 reverse primer site. Each 

M13 PCR product was produced, purified, and sequenced to obtain the complete DNA 

sequences of pAL236-2, pAL236-5, and pAL236-11. 

Results indicated that pAL236-l 1 was 3154 hp with a GC content of 35.9%. 

Analysis revealed pAL236-l l contained two ORFs. orfl was determined to encode the 

replication protein, RepB, previously identified in other H pylori plasmids that replicate 

via the theta mechanism. Located downstream of the repB gene is orj2, which encoded 

an unidentified protein with no significant identity to any H pylori or unrelated species 

proteins. 

Analysis of the replication protein, RepB, of pAL236-l 1 revealed it was not 

RepA or Rep. However, both RepA and RepB proteins have been identified with 

139 



plasmids that replicate via the theta mechanism in H pylori. Results have shown the 

greatest amino acid identity of RepB from pAL236-l 1 was with other RepB proteins 

previously identified in H pylori plasmids: pKU701; pHPS 1; pHP51; and RepA of 

pHPO 100 ( discussed below). A unique plasmid of this group is pHPS 1 that encodes both 

RepA and RepB proteins (De Ungria et al, 1999). To date, pHPSl is the only reported H 

pylori plasmid that encodes both RepA and RepB proteins. As a result, De Ungria et al. 

( 1999) suggested that both RepA and RepB belong in separate protein families. 

Regardless of their size, RepA proteins all show a strong conserved middle region 

while the amino acid sequence varies at the N-terminus and C-terminus (Rickets, 2004). 

When analyzing Rep 8, the greatest conservation of amino acids appears to occur in the 

middle region of the protein regardless of size, similar to RepA. Both RepA and RepB, 

while involved with theta replication, are not the same protein, and the strong conserved 

middle region appears to be unique to either RepA or RepB. The amino acids of the N­

terminus and C-terminus of RepB also vary, however not to the same extent as RepA. 

This is likely the result of there being more RepA proteins reported than RepB. A better 

understanding of where the most conserved amino acids are located in RepB might occur 

once additional RepB sequences are reported in H pylori plasmids. Overall, these 

observations suggest that both RepA and RepB have areas of amino acid conservation, 

which encodes the functional portion of each respective protein. 

In addition to RepB, pAL236-1 l contains R3 iteron sequences located upstream 

of repB. Another iteron region has been identified in H pylori theta replicons as Rl, 

located upstream of repA. Rl iterons are four directly repeated sequences of 22 bp, with 
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the exception of pHPG27, which has four 23 bp direct repeats and pHPAGl (P00l), 

which consists of three 22 bp direct repeats. While the R3 iterons vary from 3 .5-4 

repeated sequences of 15-33 bp that have spacers between 5-18 bp. However, pKU701 

and pHPS 1 R3 iterons are direct repeated sequences with no spacers. Both Rl and R3 

iterons are believed to serve as the binding site for either RepA (Rl) or RepB (R3) for the 

initiation of plasmid replication (Minnis et al., 1995; De Ungria et al., 1999; Hosaka et 

al., 2002). Results of a binding study performed by Vereshlingham (2003) supported 

these conclusions by showing that the RepA protein of pHPM8 binds to the RI iterons of 

pHPM8. No binding studies of the RepB proteins to R3 iterons have been reported. 

R3 iterons have been identified on H pylori plasmids pKU701, pHPS 1, and 

pHPOI00. Interestingly, plasmid pHPSl has both RI and R3 iterons found upstream of 

their respective repA and repB genes (De Ungria et al, 1999). Another plasmid pHP51, 

which encodes RepB, was reported as having Rl iterons (Song et al., 2003). Results of 

the current study showed that the RI iterons ofpHP51 are indeed R3. 

Rl iteron sequences from H pylori theta replicons have conserved nucleotide 

identities (Quinones, 2000). Analysis of the nucleotide sequences of R3 also indicated 

conserved nucleotide identities among R3 iterons; however, Rl and R3 are not the same 

sequence. These observations provide further evidence to support the suggestion by De 

Ungria et al. (1999) in regards to pHPSl, that RepA and RepB probably act 

independently of each other and have binding sites specific for each replication protein. 

Identification of either Rl or R3 with their respective RepA or RepB proteins is very 

important, since each set of iterons appears to be specific for their respective replication 
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proteins. As a result of pAL236-11 having both RepB and R3 iterons, we propose that 

this plasmid is a theta replicon. 

Several H pylori plasmids have been reported as having an orfl gene, which 

encodes the protein termed ORF2. ORF2 has been suggested to be involved with either 

plasmid recombination or controlling the copy number of H pylori plasmids (Minnis et 

al., 1995; De Ungria et al., 1999; Quinones, 2000). Each orj2 is located downstream of 

either repA or repB in H pylori theta replicons. While not all H pylori theta replicons 

have orj2, no RC plasmids identified in H pylori have been reported as having orj2. 

Based on the lack of amino acid identity it is clear that orj2 of pAL236-1 l is not 

the same orfl previously reported in H pylori plasmids. In addition, orj2 of pAL236-11 

does not contain the conserved motifHPFXXGNG found with proteins that are members 

of the cAMP-induced filamentation (fic).gene (Utsumi et al, 1982; Komano et al, 1991). 

Each of these H pylori ORF2 proteins, with the exception of pHPS 1, contained the 

conserved domain HPFXXGNG. Since the ORF2 in pAL236-11 had no significant 

amino acid identity with any previously reported protein, the exact role of this protein 

remains unknown. 

Results indicated that pAL236-2 and pAL236-5 were 1448 and 1216 hp, 

respectively. For plasmid pAL236-2 the GC content was 37.5% while pAL236-5 had a 

GC content of 33.8 %. Both pAL236-2 and pAL236-5 each encoded a single ORFl. The 

orfl gene was determined to encode the replication protein, Rep, previously identified in 

other H pylori plasmids that replicate via the RC mechanism. 
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Analysis of the Rep protein from each plasmid revealed the protein was not 

RepA or RepB. Further analysis showed the Rep proteins from pAL236-2 and pAL236-5 

had identities with the Rep proteins of H pylori RC plasmids pHPK255 and pHP489. 

Besides pHPK255 and pHP489, the Rep proteins of pAL236-2 and pAL236-5 showed 

amino acid identities with each other as well. Two important findings were obtained 

from these results. First, pAL236-2 and pAL236-5 were potential RC plasmids. Second, 

since the Rep proteins of pAL236-2 and pAL236-5 were not identical, each plasmid had 

their own Rep protein for RC replication. 

Additional evidence indicated that pAL236-2 and pAL236-5 were most likely 

RC plasmids. First, each plasmid had been identified as having the ability to potentially 

form hairpin-loop structures needed to form the double-stranded origin (DSO) via 

inverted repeats ( del Solar et al., 1993; Kleanthous et al., 1991; del Solar et al., 1998). 

Second, regardless of the size of each potential DSO, both pAL236-2 and pAL236-5 

contained potential DSO nick sequences, previously identified in other RC plasmids, 

which are utilized by the Rep protein to initiate leading-strand replication ( del So far et 

al., 1993; Kleanthous et al., 1991; del Solar et al., 1998). Third, pAL236-2 had iteron 

sequences and pAL236-5 had short direct repeats near their respective DSOs that could 

serve as a potential binding site of the Rep protein to initiate RC replication ( del Solar et 

al., 1993; del Solar et al., 1998; Khan, 1997; Khan, 2000; Khan, 2005). Finally, both 

Rep proteins of pAL236-2 and pAL236-5 contained previously identified protein motifs 

found with Rep proteins from other RC plasmids including pHPK.255 and pHP489 

(Kleanthous et al., 1991;Hyina et al., 1992; del Solar et al., 1993; Song et al, 2003). 
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Three of these motifs included the possible metal-binding domain (motif3), potential 

catalytic tyrosine residue (motif 4), and the second tyrosine residue which could be 

involved in linking the Rep protein to the plasmid DNA (motif 5) (Ilyina et al., 1992; del 

Solar et al., 1993). 

Plasmids pAL236-2 and pAL236-5 were compared against known single-stranded 

origins needed to convert ssDNA into dsDNA (Boe et al., 1989; Novick, 1989; Gross et 

al., 1989; Seegers et al., 1995; Devine et al., 1989; Zaman et al., 1993; Meijer et al., 

1995; del Solar et al., 1998; Khan, 1997; Khan, 2000; Khan, 2005). However, neither 

plasmid appeared to have sequences that could potentially form a SSO. Of all the H. 

pylori RC plasmids, only pHPK255 has both a DSO and SSO (Kleanthous et al, 1991). 

Since pHP489, pAL236-2, and pAL236-5 do not have an identified SSO there. is a 

possibility these plasmids utilize previously unidentified sequence( s) or protein( s) that are 

involved with the conversion of ssDNA to dsDNA. A possible candidate for the 

conversion of ssDNA to dsDNA could involve the inverted repeats identified pAL236-2 

and pAL236-5 that are not involved with the DSO. 

So far there are 17 different RC plasmid families (http://www.essex.ac.uk/bs/staff/ 

osborn/DPR _ home.htm) based on the homology of their replication proteins and DSOs 

(Khan, 2005). Of these 17 groups, we propose that pAL236-2 and pAL236-5 belong to 

the Group II RC family. This is based on the Rep identities of pAL236-2 and pAL236-5 

with other Group II family members including pHPK255 and pHP489. Additional 

evidence includes the DSO nick sequences found on pAL236-2 (TACACG/A) and 
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pAL236-5 (T ACTACG/ A) that were either similar or exactly the same as other members 

of the Group II family including pHPK255 and pHP489 (TACTACG/A). 

Several reports suggest that H pylori plasmids have the ability to be involved 

with plasmid to plasmid and chromosome to plasmid recombination events involving 

insertion sequences (IS), R2 repeats, R4 repeats, and short stretches of H pylori genome 

sequences on several H pylori plasmids (Minnis et al., 1995; Heuennann, et al., 1995; 

Qasem, 1995; Taylor, 1997; Tomb et al., 1997; Burnham, 1998; Liu, 1998; Alm ·et al., 

1999; Gao, 1999; Hofreuter et al., 1999; De Ungria et al., 1999; Doig, et al., 1999; 

Quifiones, 2000; Hosaka, et al., 2002; Rickets, 2004; Song et al., 2003; Khatun, 2005; Oh 

et al., 2006). Hofreuter et al. (2002) proposed models in an attempt to show how 

recombination events might occur. The first model, based on the recombination events 

involving both R2 and R4 repeats, is an attempt to explain the different sizes of H pylori 

plasmids. The second model was constructed to help explain the possible exchange of 

genes between H. pylori plasmids and genomes involving IS sequences. The authors also 

suggest that other proteins encoded by H pylori plasmids or genomes could be involved 

with recombination events as well. 

Analysis of the non-coding regions of pAL236-11 did not reveal any IS or 

identity with any H. pylori genomic sequences. However, two important findings were 

related to the non-coding regions of pAL236-11. First, the non-coding regions of 

pAL236-11 had identities with R3 iterons found on plasmids pKU701, pHP5 l, and the 

RI iterons of pHP51, which as mentioned above, led to the discovery that Rl of pHP51 

was in fact an R3 iteron. Second, the most interesting result was the discovery of two 
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potential R2 repeats, previously unidentified, in H pylori plasmids pHPP 12 

(unpublished, NC_0l 1499) and pHPAGl (Oh et al., 2006). The R2 repeats for pHPP12 

consisted of a two time 683 bp direct repeat separated by 46 bp. While plasmid pHP AG I 

had R2 repeats that consisted of a two time 600 bp repeat separated by 2781 bp (2. 7 kbp ). 

As a result, these observation of these R2 repeats provided further evidence to the model 

suggested by Hofreuter et al. (2002), that the different sizes of H pylori plasmids is a 

result of recombination events involving the R2 repeats. 

The pAL236- l 1 non-coding region contained identities with numerous H. pylori 

theta plasmids, including the R2 repeats of pHPSl, p~PAGI, and pHPP12. This region 

also included identities with the common region (CR), which are areas of identity with 

other H pylori plasmids, identified on plasmids pHP51 (Song et al., 2003) and pHP69 

(unpublished, NC_010884) (De Ungria et al., 1999). One observation was that the area 

of identity of pAL236-11 CR included the region of identity with the R2 repeats of 

pHPSI, pHPAGl, and pHPP12. This could indicate that the CR, along with the non­

coding regions of other H pylori plasmids with identity with pAL236- l I, might be 

remnants of R2 repeats that are unrecognizable as the result of recombination events. 

This also suggests that partial or complete sets of R2 repeats identifie~ on plasmids 

pAL202, pAL226, pHel4, pHel5, pHPM180, pHP51, pHPSl, pHPP12 and pHPAGI 

supports the possibility of more than one type of R2 repeat in H pylori plasmids. Since 

the ·non-coding regions of pAL236-11 had identity with the R2 repeats of pHPS I, 

pHPAGl, and pHPP12, pAL236-l 1 might have had a complete or partial set R2 repeats 

at one time. 
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Besides R2, another repeated sequence in several H pylori theta replicons was 

identified as R4 (Hofreuter et al., 2002). Unlike the R2 repeats, R4 has only been 

identified in theta replicons that have a repA gene. The only exception was pHPS 1, 

which encodes both repA and repB genes, where a single copy of the R4 repeat was 

found at the 3' end of the repA gene (Hofreuter et al., 2002). However, as more RepB 

proteins are reported it may lead to the discovery of the R4 repeats for H pylori plasmids 

with RepB. Analysis indicated that pAL236-11 had no R4 repeats. 

Analyses of the non-coding regions from pAL236-2 and pAL236-5 revealed no IS 

or R4 repeats. To date, no RC plasmid from H pylori has identified IS or the R4 repeats 

unlike the theta replicons. Interestingly the non-coding regions from both of these 

plasmids had various identities with H pylori theta and RC plasmids, along with 

identities to each other. However, this is not the first observation of identity between a 

non-coding region of a RC plasmid and a non-coding region of a theta replicon. Minnis 

et al., 1994, showed a 71 % identity of 200 nt from the theta plasmid pHPM 180 with the 

RC plasmid, pHPK255. Interestingly, 85 nt of ORF2 and the first portion of the 232 nt 

R2 repeat from pHPM180 had identity with the non-coding region of pHPK255. 

For plasmid pAL236-2 the regions of identity with the non-coding region was the 

greatest with the RC plasmid pHPK255, while pAL236-5 has the greatest identity with 

the RC plasmid pHPK489. Between pAL236-2 and pAL236-5, only pAL236-2 had 

identity with both pHPK255 and pHP489 non-coding regions. A surprising observation 

was that the non-coding region of pAL235-5 did not show any significant identity with 

the non-coding region of pHPK255, except in the Rep protein and DSO nick sequence. 
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This observation, along with the lack of significant identity with the non-coding region of 

pAL236-1 l, gives further evidence that pAL236-2; pAL236-5, and pAL236-11 are 

separate individual plasmids. 

Plasmid pAL236-2 also had identities with IR sequences from both pHPK.255 and 

pAL236-5 that were not involved with the formation of the DSO for both plasmids or the 

SSO of pHPK.255. Interestingly a portion of the non-coding regions from pAL236-5 had 

identities with the R2 repeat regions of plasmids pHPM 180, pHPS 1, pHPP 12, and 

pHPAGl, as well as with the CR of pHP69. This observation was similar for pAL236-

1 l, but only pAL236-5 had identity with the R2 repeats from pHPM180. This could 

indicate that pAL236~5 had complete or partial R2 repeats at some point that are no 

longer identifiable as the result of recombination events, similar to pAL236- l 1. Other 

evidence that recombination could have occurred in pAL236-2 and pAL236-5 was the 

small identity these plasmids had with the same non-coding region of H pylori genome 

Pl 2. These observations support De Ungria et al. (1998) who suggest that the regions of 

identity shared between both H pylori plasmids and chromosome sequences most likely 

are the result of recombination events, indicating that H pylori plasmids could have 

contributed to the "extensive genetic heterogeneity" of H pylori. 

Phylogenetic analysis was performed to organize the known plasmid sequences of 

H pylori. The replication protein was the best candidate for analysis since it was the one 

gene conserved among all of the plasmids. Based on the MSA and cladogram results, it 

is clear that there were three families of replication proteins RepA, RepB, and Rep. 

Based on the report for pHP489 by Song eta!. (2003), which called the Rep protein 
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RepH, we propose that the Rep family described here be named the RepH family. Thus, 

H. pylori plasmids, based on replication proteins, have the ability to replicate either by 

theta (RepA or RepB) or RC (RepH) mechanism. However, theta replication involving 

RepA appeared as the predominate form of plasmid replication identified in H. pylori 

plasmids. 

Results of the cladograms revealed the possibility that more than one type of 

RepA exists among H. pylori plasmids. A binding study was conducted previously in an 

attempt to show the binding ofRepA from pHPM8 with the Rl iterons of pHPM180 

(Veereshlingam, 2003). The results failed to show binding of pHPM8 RepA to the Rl 

iterons of pHPM180. As a result, Veereshlingam (2003) concluded that iteron-RepA 

binding is strain specific, based on the ability of RepA of pHPM8 to bind to Rl of 

pHPM8, while RepA of pHPM8 did not bind to Rl of pHPM 180. Cladograms revealed 

that the RepA of pHPM8 belonged to a different clade than pHPM 180, which could 

explain the lack of binding ofRepA ofpHPM8 to the Rl region of pHPM180. Since 

both RepA and R 1 iterons contain conserved sequences, Rickets (2004) suggested that 

binding ofRepA to their respective Rl iterons could involve other proteins that 

contribute to the binding of RepA to the Rl iterons through the recognition of amino acid 

sequences of RepA not found on other RepA proteins from H. pylori. The same 

suggestion could also apply to both RepB and R3. 

Another interesting plasmid is pHP AG 1 (Oh et al., 2006) that encodes two RepA 

proteins located in separate clades of the cladograms. This could be one of the reasons 

why pHPAG 1 contains two different sets of Rl iteron regions that could be specific for 
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their respective RepA protein. Plasmid pHPAG 1 has a complete set of Rl iterons that 

consist of four 22 hp tandem repeats upstream from one of the repA genes encoding 

RepA (pHPAGl P003). For the second repA gene encoding RepA (pHPAGl P00l), the 

R 1 region consists of only three 22 hp tandem repeats. As a result, one of the repA genes 

could be functional while the other repA gene is not. 

Currently, pHPOl00 (unpublished, AF056496) contains a replication protein 

identified in GenBank at NCBI as RepA. The MSA and cladograms, along with 

comparisons to the RepB protein and R3 iterons of pAL236- l 1, revealed that the 

replication protein of pHPO 100 is RepB and not RepA. This result confirmed the 

previous suggestion by De Ungria et al. (1999) that both RepA and RepB belong in 

separate plasmid families. Additional support comes from the observation that the iteron 

region of pHPO 100 contains iterons similar to R3 found in plasmids with RepB, and not 

Rl iterons of plasmids that encode RepA. Our results also confirm that pHPSl contains 

both the RepA and RepB replication proteins that were previously identified (De Ungria 

et al, 1999). 

These results for plasmids pAL236-2, pAL236-5, and pAL236-11 showed for the 

first time that H pylori contained plasmids that replicate either by the theta or RC 

mechanism within the same strain. For plasmid pAL236-11, cladogram results showed 

the replication protein of this plasmid was grouped with plasmids having RepB and not 

with RepA or RepH plasmids. Plasmid pAL236-11 not only encoded RepB, but also 

contained the R3 iterons found with RepB plasmids that are not found with plasmids that 

encode RepA, which have Rl iterons. However, based on the cladogram results it 
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appeared that more than one type of RepB protein could be involved with theta 

replication for RepB plasmids. 

Both plasmids pAL236-2 and pAL236-5 contained Rep proteins with identity to 

RC plasmid replication proteins and were not RepA or RepB. All three cladograms 

confirmed that the Rep protein of pAL236-2 was more closely related to pHPK255 Rep 

and pAL236-5 was more closely related to the RepH protein of pHP489. This result also 

indicated that there could be more than one type of Rep protein involved with RC 

plasmids in H pylori. This finding also supports the analysis of the non-coding region 

which identified pAL236-2 as having more identity with the non-coding regions of 

pHPK255, while the non-coding region of pAL236-5 had more identity with the non­

coding region of pHP489. Interestingly, phylogenetic analysis of the replication proteins 

from H pylori plasmids, regardless of the mode of replication, revealed the importance of 

properly identifying the replication proteins. As the sequences of additional H pylori 

plasmids are determined, the possibility exists that a previously unknown replication 

protein(s) could be identified that is not RepA, RepB, or RepH~ Future phylogenetic 

analysis would be necessary to reveal the relationship that these replication proteins have 

with either RepA, RepB, or RepH. A summary for the general features of pAL236-2, 

pAL236-5, and pAL236-11 are shown in Table 12. 

A few questions remain regarding the replication proteins of H pylori plasmids. 

First, could RepA, RepB, or RepH initiate plasmid replication of plasmids within the 

same clade or sub-clade of their respective replication proteins? Second, does each 

plasmid encode a strain specific replication protein that will only initiate replication of 
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Table 12. General Features of pAL236-2, pAL236-5, and pAL236-l l. 

Plasmid Features pAL236-2 pAL236-5 pAL236-11 
Size 1448 hp 1216 hp 3148 hp 
%GC 37.5% 33.8% 35.90/4 
Number of ORFs 1 1 2 
Replication Protein RepH RepH RepB 
Mode of Replication Rolling-Circle Rolling-Circle Theta 
Nucleotide Herons Direct Repeat R3 Iterons 
Sequences for consisting of a consisting of a consisting of a 
Replication Protein 2 time 17 hp 2 time 5 hp direct 4 time 15 bp direct 
Binding direct repeat repeat separated by repeat with 17-18 bp 

separated by 6 2 hp spacer sequence 
bp between each repeat 

Double Stranded Yes Yes No 
Origin (DSO) 
DSO Nick Sequence TACACG\A TACTACG\A No 
Identity with R2 No Yes Yes 
Repeat Sequences 
Inverted Repeats Yes Yes No 
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their respective plasmid regardless of their clade or sub-clade? These questions remain 

unanswered and require further investigation. 

AL236 was the first strain of H. pylori to show multiple plasmids in our lab. This 

result was exciting since other H. pylori strains in our lab only contained a single plasmid 

with their respective strain. However, H pylori strains with multiple plasmids have been 

indicated. For example, Lee et al. (1997) determined, while examining gastric 

endoscopic biopsy specimens from Korean patients, that of 108 H pylori strains screened 

for plasmids only 77% of these strains appeared to contain one or more plasmids. What 

remains unclear is whether or not the strains.that indicated multiple plasmids had separate 

individual plasmids or were they the same plasmid arranged in different conformations? 

This study showed that pAL236-2, pAL236-5, and pAL236-11 are three separate 

plasmids isolated from H. pylori strain AL236. Thus H pylori strains can regulate 

multiple plasmids regardless of the mode of replication. However, a few questions 

remain about these plasmids. First, how are these plasmids distributed among the 

bacterial cells of strain AL236? Second, if multiple plasmids exist in a strain of H 

pylori, how are the plasmids regulated in regards to replication or expression of potential 

genes encoded on the plasmid? 

In summary, these sequence analyses showed that H. pylori plasmids, while 

genetically diverse, can be organized into three replication families: RepA; RepB; or 

RepH. Phylogenetic analyses suggest the early evolutionary separation of the RepA 

family into two or three main branches. The detailed sequence analysis used in this 

study could assist with the identification of future H. pylori plasmid replication proteins 
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to ensure proper identification as RepA, RepB, and RepH. Similarly, these techniques 

could aide future investigations in identifying novel replication proteins that are not 

RepA, RepB, or RepH. This study also showed the importance of analyzing the non­

coding regions of H pylori plasmids. Such analysis of the non-coding regions of these 

plasmids led to the identification of two potential R2 repeats that could be involved with 

recombination events. Indeed, it was suggested that chromosome recombination events 

might help H pylori evade the immune system (Blaser et al., 2004). Rickets (2004) 

suggested that since H pylori plasmids have come from clinical isolates, recombination 

events involving plasmids could contribute to both the pathogenicity and overall fitness 

of H pylori. The exact role of these plasmids remains unclear. 
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