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ABSTRACT 

ILSE Y. RICKETS 

SEQUENCING AND CHARACTERIZATION OF HELICOBACTER PYLORI 
PLASMID, pAL202 

MAY2004 

Helicobacter pylori, a Gram-negative, spiral-shaped bacterium, is associated with 

gastric diseases in humans. We characterize H pylori plasmids to determine their 

biological role in this microorganism and to test the hypothesis that plasmids are involved 

in chromosomal rearrangement. In this study, we sequenced and characterized pAL202, 

a plasmid from an Alaskan strain, AL202, and analyzed additional Alaskan plasmids for 

conserved genes. 

The EZ::TN™<R6Kyori/KAN-2> transposon was inserted into pAL202 and 

transformed into E. coli pir + cells. The DNA sequence of pAL202 was determined 

bidirectionally using transposon-specific primers. The plasmid sequence was constructed 

from the sequences obtained from these transformants. The plasmid was 12.1 kbp and 

has 15 open reading frames (ORFs). Submission to GenBank revealed identity to other 

H pylori plasmids and chromosome. The greatest identity was with pHel4, a plasmid 

from a European H pylori strain. Sequence identity was found to H pylori plasmid rep 

and orfl genes, the 1S607 transposon, and regions of the cag PAI of strains 199 and 

26695 chromosomes. Observed iterons indicated that pAL202 replicates via the theta 

type mechanism. Two ORFs showed identity to the microcin genes of E. coli, and four to 
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mobilization genes. A putative nic sequence found could serve as a DNA transfer site, 

but no transconjugants were obtained from mobilization studies. Attempts to transform 

H pylori cells AL202 and HU71 with single insertion mutants resulted in zero 

transforrnants. A comparison study to test for the distribution of pAL202 genes in six 

other Alaskan plasmids showed that at least one gene was conserved in five of the seven 

plasmids. 

The pAL202 genes were conserved not only among the Alaskan plasmids but also 

among H pylori plasmids in general. The presence of short H pylori chromosome 

sequences suggested recombination between plasmid and chromosomal DNA that 

resulted in dissimilarity of gene order in the plasmids. Recombination in the genome 

might be crucial for the bacterium to evade the host immune system and therefore 

contribute to the pathogenicity of the organism 
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CHAPTER I 

INTRODUCTION 

In 1983 Marshal and Warren first reported the association of Helicobacter pylori 

with gastric inflammation (53, 86). Initially classified as a Campylobacter species, rRNA 

gene analysis revealed enough differences for it to be classified as a species from the new 

genus Helicobacter (49, 55). H. pylori is a microaerophilic, curved or spiral-shaped, 

flagellated, Gram-negative bacterium (53, 86). The bacterium colonizes the stomach of 

humans and nonhuman primates (26, 29), and is the etiological agent of chronic active 

gastritis, gastric and duodenal ulcers, gastric adenocarcinoma and mucosa-associated 

lymphoid tissue (MALT) lymphoma (18, 26) resulting from long-term infection (2). 

Transmission of the bacterium occurs orally either by the fecal-oral or the oral-

oral routes (17, 26, 55, 80). Infection is established early in childhood and, if no 

symptoms occur, may persist throughout life. Over half of the world's population is 

infected with H. pylori. Between 20-50% of the adult population in developed countries, 

and 70-90% in developing countries are infected with the bacterium (17, 26). The lower 

incidence in developed countries might be due to better sanitation. The high incidence of 

H. pylori in humans and the observation that is has presumably been present for centuries 

led some researchers to suggest that this bacterium must be part of normal flora (9, 49) 

and that eliminating it in people that are asymptomatic could lead to other esophageal 

diseases (8). 



There are many virulence factors associated with this organism. H pylori is 

sensitive to low pH (25, 49), but the bacterium secretes the enzyme urease that 

hydrolyzes urea to ammonia and carbon dioxide (56). The production of ammonia 

neutralizes the acid in the bacterium's microenvironment and allows survival in the 

hostile environment of the stomach (25, 26, 49, 56). Besides neutralization of acid in the 

stomach, ammonia also serves as a nitrogen source for protein synthesis (31 ). 

The presence of two to six unipolar flagella renders the bacterium motile (26, 67). 

H pylori mutants in which the flagella genes are disrupted, are unable to colonize and 

survive in the stomach of gnotobiotic piglets (27). Upon entrance in the stomach, the 

bacterium maneuvers through the viscous gastric mucous layer to the gastric epithelial 

cell surface ( 67). Once H. pylori has reached the more neutral environment below the 

mucus, it adheres tightly to the gastric epithelial cells (11, 16) mediated by multiple 

surface proteins called adhesins ( 11 ). 

Other H pylori virulence factors produced are catalase (36), superoxide dismutase 

(74), phospholipase (24), and the major virulence factors vacuolating cytotoxin protein, 

VacA, and cytotoxin-associated protein, CagA. VacA is an 87 kDa protein created from 

the cleavage of a 139 kDa precursor protein (19). The protein causes cytoplasmic 

vacuolation (51) derived from late endosomes in eukaryotic cells (64) and is capable of 

inducing apoptosis in the human gastric epithelial cell line AGS ( 4 7). CagA is a 128-145 

kDa protein (17, 78), encoded by the cagA gene present in pathogenic strains of H. pylori 

(15). The size variability of the cagA gene among strains is due to the presence of 102 bp 

repeats (17, 78). The number of the repeats in each gene differs from strain to strain (17), 
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but always leaves the gene in frame. Covacci et al. ( 17) suggested that repeating 

sequences in antigenic molecules are common and might be involved in escaping the 

immune system by creating antigenic diversity. Toe CagA protein is transported into the 

gastric epithelial cells by a type IV secretion apparatus (63). The protein is tyrosine 

phoshorylated in the epithelial cells (78) and could trigger a signal transduction in the 

host cells (68) followed by induced changes in structure, function, and morphology in the 

cells (6). 

H. pylori strains are divided in two major types, type I and type II (87), depending 

on the presence of a pathogenicity island called cag PAI (15). Pathogenicity islands are 

large genomic sequences between 10-200 kbp that are present on the genome of 

pathogenic bacteria, but absent on the genome of non-pathogenic strains of the same 

organism (33, 35). These structures have direct repeats at the ends, have a different GC 

percent from the rest of the genome, and possess genes that encode virulence factors (35). 

The cag PAI in H. pylori has a GC content of35% compared to 38-45% of the rest of H 

pylori genomes and genes deposited in data banks (15). The type I strains express both 

the cagA (CagA l and the vacA (V acA l genes (87), and are associated with the more 

severe gastric diseases (17, 87). Type II strains lack the cagA gene (CagA) and express a 

nonfunctional VacA, and are therefore VacA· (87). On the chromosome of H. pylori 

strain NCTC 11638, the cagA and the vacA genes are 300 kbp apart (15), and even 

though the genes are coexpressed their expression does not depend on each other (2, 15, 

18, 87). The presence of the cag PAI is also associated with elevated levels of cytokines 

such as interleukin-8 (IL-8) in H. pylori strains (2, 15, 62). 
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The 40 kbp cag PAI is inserted into the 3 '-end of the glutamate racemase gene 

and is flanked by a 31 bp direct repeat, which suggests that the PAI was inserted in the 

genome by means of chromosomal recombination (15). H pylori presumably acquired 

the fragment millions of years ago through horizontal gene transfer from an unknown 

source ( 15, 78). The cag PAI encodes more than 20 genes and can be continuous, or in 

some strains, divided by the insertion sequence, 1S605, into a right segment, cagl, and a 

left segment cagll (15, 81). The type IV secretion system mentioned above is encoded 

by the cag PAI (63). 

The chromosomal DNA of two type I H pylori strains 26695 and 199 have been 

entirely sequenced and compared (3, 81). Except for some genomic rearrangements, the 

genomes of these strains are very similar in genomic organization, gene order, and 

protein prediction (3). Many H pylori strains contain one or more copies or partial 

copies of the insertion sequences 1S605 (3, 15, 42, 81), 1S606 (3, 15, 42, 81), 1S607 (43), 

ISHp608 (44), and ISHp609 (unpublished, AY487825). It is believed that the genomic 

rearrangement observed in H pylori might be the result of these insertion sequences (42). 

The presence of insertion sequences, partial and whole, and chromosomal DNA on 

plasmids (13, 22, 30, 37, 39, 40, 59, 69, 71, 75, 79) suggests that plasmids might be 

involved in the integration of new DNA into H. pylori chromosome and the transfer of 

DNA between strains (3). 

More than 50 % of H. pylori isolates examined contain one or more plasmids (22, 

39, 59) ranging in size from 1.5 to greater than 148 kbp (21, 22). Several H. pylori 

plasmids have been sequenced and characterized (13, 22, 30, 37, 39, 40, 45, 59, 69, 70, 
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75, 76, 79), but no common phenotype has been assigned. When considering replication, 

the plasmid can be categorized into those that replicate in a rolling circle manner and 

those that replicate by a theta type mechanism. The plasmid pHPK255 has been 

identified as replicating by the rolling circle mechanism that is common for plasmids in 

Gram-positive bacteria ( 45). The replication (Rep) protein of pHP489 showed 57% 

similarity to the Rep protein ofpHPK255 and had two of the three conserved motifs 

present in the Rep proteins of plasmids that replicate by the rolling circle mechanism 

(76). This protein was named RepH where the H stands for Helicobacter (76). In 

pHP489, mutations of the RepH protein revealed that the protein was not required for 

replication in H pylori 489 and that some genomic proteins might be involved in the 

replication of the plasmid (76). The other characterized plasmids contain tandem 

repeated sequences, called iterons, which serve as the origin of replication. These 

plasmids all possess the replication genes repA (30, 37, 39, 59, 69, 70, 79), repB (40, 75), 

or both the repA and repB genes (22), indicative of the theta type replication mechanism. 

All the analyzed plasmids exhibit different sizes and restriction digestion profiles. 

Although identity exists among some of the plasmids, they all reveal unique gene 

arrangements. Among the theta type plasmids the RepA proteins show a strong 

conserved middle region, even though the total sizes vary from 19.8 kDa to 29.4 kDa. 

The iterons composed of four 22 hp repeated sequences have a conserved sequence as 

well. One additional conserved protein termed ORF2 is found in some, but not all, H 

pylori theta plasmids. In some plasmids, pHPM8 (70), pHPMl 80 (59), pHPS 1 (22), 

pHPOlO0 (unpublished), and pHP51 (75), the orj2 gene is positioned downstream of the 
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repA gene. In pKU701 or.fl-like sequences are observed directly downstream of the repB 

gene. In pHPM8 the repA gene and orj2 genes are cotranscribed (70). Since ORF2 is 

absent from some plasmids (37, 76), De Ungria et al. (22) suggest that ORF2 might be 

involved in recombination. Quinones et al. (70) suggest that ORF2 might be associated 

with the replication and/or control of the copy number of plasmids. In pHP51 a 74% 

similarity between ORF2 and the putative cAMP-induced filamentation (Fie) protein of 

Helicobacter HPI 159 (NP _223803) was observed (76). The Fie protein and cAMP are 

involved in the regulation of cell division via folate metabolism in Escherichia coli ( 46, 

83). 

Other regions of interest found on some of the H. pylori plasmids are: two copies 

of1S605 in pHPM186 (13); 1S607 in pHPMl 79 (79); the tetracycline efflux protein 

TetA(P)-like and microcin-like proteins in pHPM8 (70) and pHel4 (38); and mob-like 

proteins in pHel4. The accession numbers or references of the plasmids and strains cited 

in this study are shown in Table 1. 

The plasmids previously characterized in our laboratory were isolated from H 

pylori strains recovered from patients at Dallas VA Medical Center. Since these strains 

share a common North Texas origin, a previous project sought to characterize plasmids 

originating from H pylori isolates from a different geographical region, Alaska. A set of 

seven strains was shown (41) to carry repA and orf2 sequences similar to pHPM8. The 

main purpose of this study was to determine the nucleotide sequence of a plasmid from 

one of these Alaskan strains, AL202 and analyze additional Alaskan plasmids for 

conserved genes or regions. Conserved genes or regions are genes or regions that are 
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Table 1. Accession numbers and/or references of H. pylori 

pAL202 AY584531 
pHPM8 AF275307 70, 71 
pHPM179a 69 
pHPM179b 79 
pHPM180 U12689 59 
pHPM185 30 
pHPM186 AF077006 13 
pHel1 249272 37 
pHe14 AF469112 39 
pHelS AF469113 39 
pHPS1 AF019894 22 
pMCU1 AF019895 & AF055275 21,22 
pMCU2 AF019896 & AF055274 21,22 
pMCU3 AF019897 21,22 
pMCU4 AF019898 & AF055276 21,22 
pMCU5 AF019899 & AF055277 21,22 
pMCU6 AF019900 21,22 
pMCU7 AF019901 21,22 
pHPO100 AF056496 
pHP51 AY267368 75 
pHP489 AF027303 76 
pKU701 AB078638 40 
pHPK255 S84689 45 
26695* AE000511 & AE000537 3,23, 81 
J99* AE001439 & AE001512 3,23 
CCUG 17874* AAF80202 

• Chromosome 
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present on DNA of more than one plasmid or chromosome. Plasmid pAL202 was 

sequenced using the EZ::TN™<R6kyori/KAN-2> transposon (Epicentre). The 

transposon was randomly inserted within the plasmid and sequencing occurred bi-

directionally from primer binding sites within the transposon. The nucleic acid sequence 

was determined and submitted to the GenBank for comparison to other known sequences. 

The specific aims of this research were: 

1. To determine the sequence of plasmid pAL202 isolated from the Alaskan strain 

AL202 by using the EZ::TN™<R6Kyori/KAN-2> transposon. 

2. To analyze the sequence of the plasmid for known sequence identities both to other 

plasmids and to chromosomal DNA, and determine the presence of possible open 

reading frames (ORFs). 

3. To test for the distribution of DNA sequences present in pAL202 in six other H 

pylori Alaskan strains. 

4. To attempt to transform AL202 cells and HU71 cells (H. pylori stain with no 

plasmid) with single transposon insertion mutants of pAL202 and determine the 

effect of the insertion in the repA gene, the orfl gene, or elsewhere in the plasmid. 
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Materials 

CHAPTER II 

MATERIALS AND METHODS 

Bacterial Strains and Plasmids 

H. pylori strains AL202, AL203, AL207, AL208, AL209, AL226, and AL236, 

were isolated from Alaskan Indians. Douglas E. Berg, Washington University School of 

Medicine, St. Louis, MO, and Alan J. Parkinson, Centers for Disease Control and 

Prevention, Anchorage, provided the strains. HU71, an H. pylori strain without 

plasmids, and also provided by D. E. Berg, was used in the transformation studies. The 

strains were stored at -80°C in freezer medium consisting of trypticase soy broth (Difeo), 

containing 25% glycerol (Sigma) and I 0% horse serum (Sigma). H. pylori cells were 

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

(BHI) medium (Difeo), supplemented with 10% horse serum. The plasmid DNAs, 

pAL202, pAL203, pAL207, pAL208, pAL209, pAL226, and pAL236, were isolated 

from the Alaskan strains. 

The EZ::TNTM<R6Kyori/KAN-2> transposon (Epicentre) was randomly inserted 

into pAL202, pAL208, and pAL236. Electrocompetent E.coli pir+ (low copy number) 

and pir-116 (high copy number) cells obtained from Epicentre were transformed with the 

recombinant plasmids of pAL202. The recombinants of pAL208 and pAL236 were 

transformed into pir+ cells. The genotype of the pir+ cells is F-, mcrA, ~(mrr-hsdRMA-

mcrBC), ~80d/acZ~Ml5, ~lacX74, recAl, endAl, araD139, ~(ara, leu)7697, ga/U, 
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ga~ 'A.-, rpsL(Strr), nupG,pir+(DHFR). The genotype of the pir-116 cells is identical to 

the pir + cells except for containing the pir-116 mutation. E. coli strains were stored at 

-80°C with ProtectTM Bacterial Preservers (Key Scientific Products) and cultured in 

NZYM (Bio 101 System) or Luria-Bertani (LB) medium (Bio 101 Sytems). 

The plasmid pZErO-2.1 ™ (Invitrogen) in competent E. coli Top 1 OF' (Invitrogen) 

was obtained from Dr. John Knesek at Texas Woman's University. The genotype of 

ToplOF' is F{Laclq, TnlO (Tetr)} mcrA, A(mrr-hsdRMS-mcrBC), q,80LacZAM15, 

AlacX74, deoR, recAl, araD139, A(ara-leu) 7679, ga/U, ga~ rpsL(St{), endAl, nupG. 

The plasmid, pZEr0-2.1, was isolated and transformed with the 

EZ::TN™<R6Kyori/KAN-2> transposon. The recombinant plasmid, pZErO::TNIKAN, 

was transformed into E.coli pir+ cells and was used as a control in comparative PCR 

studies. 

JA221(pRK24), used as a donor in mating experiments, was provided by David 

H. Figurski from the College of Physician & Surgeons of Columbia University, 

Department of Microbiology, New York, New York. The genotype of JA221 is recAl, 

/acY, /euB6, AtrpES, hsdR, with pRK24 providing Ap\ Tc\ and Trp+. The recipient used 

in the mating studies, JC3272, provided by Dr. Sarah McIntire at Texas Woman's 

University, is his, trp, lys, rpsL(Strr). JC3272 was made Nat by plating an overnight 

culture on LB plates containing 20 µg/ml nalidixic acid (Sigma). The Nat derivative was 

named IR3272. 



Media 

Brain Heart Infusion (Difeo), NZYM (Bio 101 System), and LB media (Bio 101 

Systems) were prepared according to the manufacturer's recommendations. SOC 

medium used in electroporation studies was prepared as described by Sambrook et al. 

(72). BHI was supplemented with 10% horse serum (Sigma). Kanamycin (Amresco) at a 

concentration of 50 µg/ml was added to the NZYM medium, LB medium, and to BHI-

YE [brain heart infusion-yeast extract (EM Science)] agar used in transformation and 

mating studies. Tetracycline (Amresco) was added to BHI agar to a final concentration 

of 2 µg/ml to determine antibiotic resistance of H pylori strain AL202. Streptomycin 

(Amresco) at a concentration of25 µg/ml, nalidixic acid at 20 µg/ml, kanamycin at 50 

µg/ml, and tetracycline at 50 µg/ml were added to M9 minimal medium [200 ml of 5X 

M9 minimal medium salts (Bio 101 Systems); 10 ml of20% glucose; 1.0 ml of 1.0 M 

MgSO4; 1.0 ml of 1.0 M thiamine; histidine, tryptophan, and lysine at 40 mg/Leach; H2O 

for a total volume of 1.0 L] used in mating studies. Plate medium was solidified with 

Bacto Agar (Difeo) at a concentration of 1.5% (15 g/L). 

Enzymes 

Restriction endonucleases were acquired from Promega. The restriction 

endonucleases and other enzymes from various commercial kits were used with buffers 

provided by, and as recommended by, the suppliers. 

Buffers and Reagents 

The following reagents were used: TE (10 mM Tris, 1.0 mM EDTA, pH 7.5-8.0); 

5X TBE, Tris-Borate-EDT A (Sigma); agarose (SeaKem, FMC); 10 mg/ml ethidium 
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bromide (Sigma); 3 M sodium acetate; N,N,N',N'-tetramethylethylenediamine, TEMED 

(Amresco ); ammonium persulfate (Amresco ); urea (Amresco ); Long-ranger™ gel 

solution (FMC); silane stock [0.5 ml y-methacryloxypropyltri-methoxysilane (Sigma), in 

100 ml of 100% ethanol]; 70%, 95% and 100% ethanol; 100% isopropanol (Fisher), 10% 

glycerol (Fisher); 5% acetic acid (Fisher); 5X ficoll dye (0.1 M EDTA, 25% ficoll, 0.1% 

bromophenol blue, 0.1% xylene cyanol); 1 kbp DNA ladder (GIBCO BRL); [a32P]-dCTP 

(NENTM); Ecolume (Lab Industries); denaturing buffer (3 M NaCl, 0.4 M NaOH); 

transfer buffer (3 MNaCl, 8 mMNaOH, 2 mM sarkosyl); 5X neutralizing buffer (1.0 M 

phosphate buffer, pH 6.8); UL TRAhyb hybridization buffer (Ambion); wash buffer (2X 

SSC, 0.1 % SDS); adenosine 5' -triphospate disodium salt (Sigma). 

Commercial Kits 

The kits used were: The Wizard® Plus Miniprep (Promega); QIAGEN Plasmid 

Midi Kit (QIAGEN Inc.); QIAGEN Large-Construct Kit (QIAGEN, Inc.); Plasmid-

Safe™ ATP-Dependent DNase (Epicentre); SequiTherm EXCEL™ II DNA Sequencing 

Kit-LC (Epicentre); GeneAmp XL PCR Kit (Applied Biosystems); REDTaq™ DNA 

polymerase without MgCh kit (Sigma); BIOLASE Red™ DNA Polymerase kit 

(BIOLINE); Zymoclean Gel DNA Recovery Kit (ZymoResearch); NEBlot® Kit (New 

England BioLabs Inc.); The EZ::TN™<R6Kyori/KAN-2> Insertion Kit (Epicentre) 

containing the EZ::TN™<R6Kyori/KAN-2> transposon. 
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Primers 

Labeled primers used for the PCR reaction for sequencing were obtained from LI-

COR Inc. The computer program, EuGene (Daniben Systems, Inc.), was used to design 

primers used in the comparative studies between pAL202 and the other Alaskan 

plasmids. The primers used in the comparative PCR studies were obtained from Bio-

Synthesis Inc. Table 2 shows the sequences and the nucleotide positions of primers used 

in this study. 

Computer Software and Lab Equipment 

Computer software, EuGene (Daniben Systems, Inc.), was used to design primers, 

and VectorNTI® Suite 7.0 and 8.0 (InforMax®) was used to analyze pAL202 DNA 

sequence. The following internet-available software programs were used to further 

analyze pAL202 DNA sequences and open reading frames (ORFs): BLAST algorithms 

by the National Center for Biotechnology Information database ( 4, 5) were used to find 

identities to other DNA and amino acid sequences; the GC content of pAL202 and other 

H pylori plasmids was obtained from Vector NTI® Suite 8.0 (InforMax®). Open reading 

frames were analyzed using several software programs for protein analysis available 

through the ExP ASy Proteomics tools (http://us.expasy.org/): PSORT 

(http://www.psort.org/); SOSUI (http://sosui.proteome.bio.tuat.ac.jp/sosuiframeO.html); 

ProtParam (http://us.expasy.org/tools/protparam.html); TMHMM 

(http://www.cbs.dtu.dk/services/TMHMM-2.0/); and TopPred 

(http://www.sbc.su.se/~erikw/toppred2/). Conserved domains of proteins were detected 
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Table 2. Primers used in this study. 
Primers 1-8 were sequencing primers; primers 1 and 2 were transposon-specific primers obtained 
from LI-COR Inc., primers 3-14 were pAL202 primers obtained from Bio-Synthesis Inc. 
Primers 9-14 were PCR rimers used in the comparison study of pAL202 genes. 
K 

1 KAN-2 FP-1 Forward 5'-ACCTACAACAAAGCTCTCATCAACC-3' 1907-1931 
2 R6KAN-2 RP-1 Reverse 5'-CTACCCTGTGGAACACCTACATCT-3' 52-75 
3 202AF 5'-GTCTCTAGCTTT AGCTATGGGG-3' 2142-2163 
4 202AR1 5'-GCTT ATCCACATCTTGGACTG-3' 1932-1952 
5 202BF 5'-CACGA T AAAGCGTCACT AAAG-3' 7159-7179 
6 202BR 5'-ATACTTCCTCATCA TTCTGCCC-3' 8084-8105 
7 202CF 5'-A TTCAAAGCCACACTCTAGGC-3' 11658-11678 
8 202CR 5'-GTGAAAGTATCTTCACGCGCTG-3' 135-156 
9 IR1 5'-GGCTCTGTATGTGCTGAACA-3' 2253-2272 
10 IR2 5'-GAAA T AA TCCAAGAAACCGCTT ACCACAGC-3' 2832-2861 
11 IR3 5'-TCTGACCATTCGCATGGCGCACC-3' 3142-3164 
12 IR4 5'-GGCAGTTCTT AA TGA TGCCAACTAGGGTG-3' 3718-3746 
13 IRMob1 5'-GTAGCGTGTTGTGTGTTTG.AAGTAGCG-3' 7693-7719 
14 IRMob2 5'-CCAAA TCGCT AAACATCTCAACAC-3' 9278-9301 
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with the NCBI Conserved Domain Search 

(http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml). 

The equipment used was: Sephadex-G50 Nick™ Columns (Amersham 

Biosciences); TURBOBLOTTER™ Rapid Downward Transfer Systems (Schleicher & 

Schuell); TransPorator™ Plus Electroporator (BTX); GeneAmp® PCR System 2400; LI-

COR 4000L Automated DNA Sequencer; BIO-RAD Molecular Imager® FX (BIO-RAD); 

Packard-Tri-Carb 2100 TR scintillation counter; Shimadzu UV 160U spectrophotometer. 

A 302 nm UV transluminator (VILBER LOURMA T) equipped with an orange filter and 

the Kodak Digital Science ID camera computer analysis system were used to visualize 

DNA and record images of agarose gels. The Beckman J2-HS centrifuge was used with 

the JA-18.8, JA-14, or the JS 7.5 rotors to pellet cells at 4°C, and the Savant Speedfuge 

HSC 1 OK to pellet cells at room temperature. 

Methods 

Plasmid Purification 

Both H pylori plasmid DNA and E.coli plasmid DNA were isolated using the 

Wizard®Plus Miniprep Kit (Promega) or the QIAGEN Plasmid Midi Kit (QIAGEN 

Inc.). A modification of the Wiz.ard Miniprep procedures (59) included four TE buffer 

washes of the cells prior to cell lysis. H. pylori cells were cultured in four 175 cm2 

Falcon® tissue culture flasks, each containing 100 ml of BHI broth supplemented with 

10% horse serum. The cells were grown for 2-5 days at 37°C and 5-10% CO2• The cells 

were centrifuged in eight Falcon® 50 ml polypropylene conical tubes, in a Beckman J2-

HS centrifuge with a JS- 7.5 rotor at 5,000 rpm, and 4°C. Each cell pellet was suspended 

15 



in 5 ml TE buffer; two tubes were combined and centrifuged as above. The above step 

was repeated after which the cells in each of the two tubes were suspended in 1.0 ml TE 

buffer. Each suspension was transferred to al.5 ml microcentrifuge tube (United 

Laboratory Plastic) and centrifuged in a Beckman J2-HS centrifuge with a JA-18.1 rotor 

at 9,000 rpm for 15 min at 4°C. Each pellet was suspended in 1.0 ml TE and centrifuged 

as above. The TE washes preceded the utilization of the Wizard kit that started with 

suspending each final cell pellet in 200 µl of cell resuspension buffer. To each 

resuspensio~ 200 µl of cell lysis buffer was added, followed by careful inversion of each 

tube four times. Two hundred microliters of neutralization solution was added to each 

tube followed by inversion as above. The lysates were centrifuged at room temperature 

for 5 min in a Savant Speedfuge HSClOK at 12,000 rpm. One milliliter of DNA 

purification resin was added to a mini-column/syringe assembled on a vacuum, followed 

by the cell lysate. The sample was pulled through the column and then washed with 2 ml 

of column wash solution. The mini-columns were spun for two min to remove traces of 

the column wash solution. Plasmid DNA was eluted from the mini-column with 50 µl of 

H20 preheated to 65°C. For screening purposes, recombinant plasmid DNA of E. coli 

cells was isolated as above without the TE wash steps. 

E. coli recombinant plasmid DNA used in sequencing and PCR reactions, and H 

pylori plasmid DNA used in PCR reactions was isolated with the QIAGEN Plasmid 

MidiKit. Cells from 200 ml were centrifuged in a Beckman J2-HS centrifuge with a JS 

7.5 rotor, at 6,000 rpm for 15 min at 4°C. The supernatant was discarded and each pellet 

was resuspended in 4 ml of Pl buffer. The content of two tubes was combined into a 
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polypropylene bottle to which 4 ml of P2 buffer was added. The mixture was incubated 

at room temperature for 5 min with gentle shaking. Four milliliters of pre-chilled P3 

buffer was added to each bottle and placed on ice for 15 min. Centrifugation followed in 

a JA-14 rotor at 11,000 rpm for 30 min at 4°C. The supernatant was transferred to clean 

bottles and centrifuged as above for 15 min. Equilibration of the Qiagen tips with 4 ml of 

QBT buffer was followed by the addition of the supernatant. The tips were washed twice 

with 10 ml of QC buffer, after which the plasmid DNA in each tip was eluted with 5 ml 

ofQF buffer. The DNA was precipitated with 5 ml isopropanol, divided into 6 

microcentrifuge tubes, and incubated at -20°C for at least 1 hr. After the incubation, the 

tubes were centrifuged with a JA-18.1 rotor at 11,000 rpm for 30 min at 4°C. Each DNA 

pellet was washed with 333 µl of70% ethanol at room temperature. The supernatant was 

discarded, the pellets were air died for 10 min, and the DNA pellets were redissolved in 

50-75 µl of H2O. In the case of low plasmid yield, plasmid DNA was concentrated with 

0.3 M sodium acetate and 95 or 100% ethanol. The plasmid DNA concentration was 

determined at A260 where A260 of 1 O.D. = 50 µg/ml. 

The QIAGEN Large-Construct Kit was used to isolated plasmid DNA that 

required treatment with ATP-dependent exonucleases to remove chromosomal DNA 

contamination, as recommended by the manufacturer. Genomic DNA was also removed 

from plasmid preps with the use of Plasmid-Safe ATP-Dependent DNase as 

recommended by the manufacturer. 
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Transposition and Transformation 

The EZ::TN™<R6Kyori/KAN-2> transposon (Epicentre) was randomly inserted 

into pAL202 DNA as recommended by the manufacturer. Electrocompetent E. coli pir+ 

(low copy number) andpir-116 (high copy number) cells were transformed through 

electroporation with the recombinants of pAL202. Electroporation was carried out using 

40 µI of cells and 1-10 µg DNA according to the manufacturer's procedures in a 

TransPorator™ Plus Electroporation system (BTX) at 1.5-2.5 kV, 40 µF and 130 Qin a 1 

or 2 mm cuvette. Immediately after electroporation, 960 µl of SOC medium was added 

to the reaction mixture for a total of 1.0 ml. The mixture was incubated at 37°C for 1 hr 

followed by plating of serial dilutions on NZYM or LB agar containing kanamycin (50 

µg/ml) to select for cells transformed with the recombinant plasmid. The 

EZ::TN™<R6Kyori/KAN-2> transposon possesses a kanamycin resistance gene that 

allowed selection oftransformants. The presence of the R6Kyori, origin ofreplication, 

on the transposon allowed the recombinants of pAL202 to replicate in E. coli pir + cells 

(57). The product of the pir gene, the 1t protein, binds to the R6Kyori and initiates 

plasmid replication (57). 

Analysis of pAL208 and pAL236 indicated that there could be more than one 

plasmid present in each bacterial cell of both H. pylori strains. As described above, the 

EZ::1N™<R6Kyori/KAN-2> transposon was randomly inserted into pAL208 and 

pAL236 in order to separate the different plasmids present in each cell. Selection of 

transformants of pAL208 and pAL236 occurred as mentioned above. 
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Restriction Endonuclease Analysis 

One to two units of restriction endonuclease were added to 50-150 ng of plasmid 

DNA, 2 µ11 OX reaction buffer, and H20 to a final volume of 20 µL The reaction 

mixture was incubated overnight at 3 7° in a water-bath. Digestion reactions were 

analyzed by agarose gel electrophoresis as described below. The plasmid DNAs isolated 

from the Alaskan strains were digested with the restriction enzyme Hindlll and the buffer 

recommended by the manufacturer. Plasmid pAL202 was analyzed further with several 

restriction enzymes, to determine which restriction enzymes cleaved the plasmid once. 

Recombinants of pAL202 were digested with two enzymes; Eco RI that cleaved once in 

the plasmid, and PstI that cleaved once in the transposon. The double digestion allowed 

selection of single inserts of the EZ::TN™<R6Kyori/K.AN-2> transposon in the 

recombinant plasmids. All digestion products were analyzed by agarose gel 

electrophoresis. Only the recombinants of pAL202 that produced one or two bands on 

the agarose gel were kept for further analysis. The recombinants of pAL208 and pAL236 

were digested with Hindlll, which had two restriction sites in the transposon. 

Agarose Gel Electrophoresis 

A 0.8%-1.0% agarose gel containing IX TBE was used to confirm the isolation of 

plasmid DNA, and to analyze restriction endonuclease fragments by electrophoresis. 

Following electrophoresis, the 40 ml mini or 100 ml standard gels were stained for 20 

min in IX TBE containing ethidium bromide at a final concentration of 1.0 µg/ml. DNA 

in the gels was visualized with a UV transilluminator (302 nm) and pictures were taken 
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with the Kodak Digital Science TMJD camera computer analysis system equipped with an 

orange filter (Tiffen 15 orange). 

PCR Amplification 

Amplification of plasmid DNA fragments for sequencing was performed with the 

GeneAmp ® PCR 2400 thennocycler and the GeneAmp XL PCR Kit (Perkin Elmer) as 

recommended by the manufacturer. The sequencing reaction was mixed on ice and 

contained 2.5 µg of plasmid DNA, 8.1 µl of3.5X SequiTherm sequencing buffer, 2.25 µl 

of the KAN-2 FP-1 Forward or R6KAN-2 RP-1 Reverse primer (25 pmoVµl), ultrapure 

H20 to a volume of 18 µl, and 1.12 µl ofSequiTerm EXCEL II DNA polymerase (5 

U/µl). Four micoliters of the above reaction was added to each of four 200 µl PCR tubes 

containing 2 µl ofa mixture of dNTPs and one of the four ddNTPs. The PCR 

amplification that followed consisted of the following program: an initial 5 min at 94°C; 

25 cycles of denaturing at 94 °C for 5 min, annealing at 55°C for 5 min, and elongation at 

72°C for 5 min; an additional 72°C for 10 min; and held oo at 4°C. At the end of the PCR 

reaction 3 µl of stop/loading buffer was added to the reaction in each of the four tubes. 

The sequencing samples were heated at 95°C for 3 min to denature the DNA and 1.7-2 µl 

of each sample was applied to the gel. 

PCR primers derived from the DNA sequence of pAL202 (Table 2) were used in 

a comparison study to test for the distribution of DNA sequences present in pAL202 in 

six other H pylori Alaskan plasmids, pAL203, pAL207, pAL208, pAL209, pAL226, and 

pAL236. Plasmid DNA of these Alaskan strains, pZErO, and pZErO::TN/KAN were 
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amplified using the REDTaq Genomic DNA polymerase kit (Sigma) or the BIOLASE 

Red™ DNA Polymerase kit (BI OLINE). Each reaction contained 50-60 ng of plasmid 

DNA, 1.0 µleach of a forward and a reverse primer (25 pmol/µl), 4 µl of 10 mM dNTP, 

1.5 µl of 50 mM MgCh, 5 µl of the IOX buffer, 1.0 µI of Red Taq DNA polymerase 

OU/µl), and H20 to a total volume of 50 µI. The PCR amplification started with an 

initial 5 min at 94°C; 25 cycles of denaturing at 94°C for 1 min, annealing at 55°C for 1 

min, and elongation at 72°C for 2 min; an additional .72°C for 10 min; and held oo at 4°C. 

The PCR products were analyzed by electrophoresis on 0.8% agarose gels. PCR 

products obtained with the same set of primers were gel purified using the Zymoclean 

Gel DNA Recovery Kit (ZymoResearch) as recommended by the manufacturer and 

concentrated with 0.3 M sodium acetate and 100% ethanol. 

DNA Sequencing 

The plasmid DNA of pAL202 recombinants was used to sequence pAL202 using 

the EZ::TN™ <R6Kyori/KAN-2> transposon specific KAN-2 FP-1 Forward and R6KAN-

2 RP-1 Reverse primers (Epicentre) in bi-directional sequencing. The LI-COR4000L 

automated sequencer and SequiTherm EXEL ™n Long-Read™ DNA Sequencing Kit-LC 

(Epicentre) were used in the sequencing reactions. From every region both strands were 

sequenced at least twice. Labeled sequencing primers (Table 2) were designed and 

obtained from LI-COR to fill gaps and also to remove ambiguities within obtained 

sequences. 
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Sequencing plates were washed with ultra-pure H20 and 100% isopropanol. 

Three hundred and thirty micro liters of silane stock solution and 10 µl of 10% acetic acid 

were mixed in a niicrocentrifuge tube and rubbed between the ears of the plates. The 

plates were allowed to dry for 30 min before plates were sandwiched and the gel solution 

was poured. The 66 cm denaturing polyacrylamide gels contained 3.6% polyacrylamide 

and 8 M urea. The gel solution contained 25.2 g urea, 4.8 ml Long Ranger® 50% 

polyacrylamide, 14.4 ml 5X TBE, and ultra-pure H20 to a total weight of 67.5 g. Once 

the urea was dissolved, 400 µl of 10% ammonium persulfate and 40 µl of TEMED was 

added to the gel solution, which was immediately poured and allowed to polymerize for 2 

hr. The gel apparatus was assembled and 125 ml of IX TBE buffer was added to the 

bottom buffer tray, and 600 ml of0.75X TBE buffer to the upper buffer tray. The laser 

was focused on the sequencing machine while the gel pre-ran for 30 min. In each well 

1.7-2.0 µl of each sample was loaded. Initially, the gel was run at 10 V for 15 min after 

which the voltage was changed to 2000 V. The gel ran overnight or up to 30 frames. 

Sequencing data were obtained from the Base ImagIR v4.2, a computer software program 

that is part of the LI-COR sequencer. 

DNA Sequence Analysis 

Sequences from the individual regions were aligned in the AlignX® program from 

Vector NTI® Suite 7.0 and 8.0 (InforMax). Consensus sequences from the alignments 

were submitted to the BLAS TN program ofNCBI ( 4, 5) not only for validation of H 

pylori, but also to confirm that the sequences obtained were not transposon sequences. 
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Validated sequences were used in the construction of pAL202 using the ContigExpress® 

from Vector NTI, a prngram for assembling small overlapping DNA fragments into 

longer contiguous sequences. The sequence of pAL202 was analyzed with the computer 

software program Vector NTI® Suite 7.0 (InforMax®). The program was used to fmd 

possible open reading frames (ORFs), promoter consensus sequences, and ribosome 

binding sites. Internet available software was used to fmd the GC content of the plasmid 

and repeated sequences. The nucleotide sequence and ORF sequences were submitted to 

the BLAST program of NCBI ( 4, 5) to find homologies to known sequences. ORFs were 

analyzed further with several software programs for protein analysis available through 

the ExP ASy Proteomics tools (http://us.expasy.org/). 

Mobilization and Mating Studies 

ORFIO, ORFI 1, ORF12, and ORF13 showed some identity to the mobilization 

genes of E. coli indicating that pAL202 could be mobilized if a conjugative plasmid were 

present. A putative nic sequence found in ORF6 (TATCCTG; bp 3379-3385) might be 

the initiation site for transfer of DNA in the mobilization process. Mating procedures 

were performed to determine ifpAL202 could be mobilized by pRK24, a Tc\ KanS, 

derivative ofRP4. Two recombinants ofpAL202, pAL202::TN/KAN21 and 

pAL202::TN/KAN25 in E. coli pir+ cells were used as donors, testing for mobilization of 

the kanamycin resistance (Kanr) marker present on the recombinant plasmids. The 

pRK.24 mobilizing strain was JA221 and the final recipient was IR3272. Isolation of the 

Nat IR3272 was described previously. 
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The first step was to mate JA221(pRK24) with the pir+(pAL202::TN/KAN) 

recombinants, selecting for tetracycline resistance. Two ml of LB broth was inoculated 

separately with eachpir+(pAL202::TN/KAN21 or 25), and JA22l(pRK24), and 

incubated overnight at 3 7°C in a water-bath. The next morning 100 µl of each strain was 

transferred to 2 ml of fresh broth and incubated for 90 min with shaking at 37°C. For the 

mating, 200 µl of JA221(pRK24) and 1.8 ml ofpir+(pAL202::1N/KAN21 or 25) were 

mixed and incubated for 2 hr at 37°C in a water-bath. Serial dilutions of the mating 

mixture were plated in 100 µl aliquots on LB agar containing kanamycin ( 50 µg/ml) and 

tetracycline (50 µg/ml). The plates were incubated overnight at 37°C. Each 

transconjugant strain was restreaked on selective media. 

In the second step the transconjugants, pir+(pAL202::TN/KAN21; pRK24) and 

pir+(pAL202::TN/KAN25; pRK24), were used as donors to test for mobilization of the 

pAL202::TN/KAN recombinants with IR3272 as the final recipient. The matings were 

done either as liquid matings or spotted on plates. Eachpir+ strain, pAL202::TN/KAN21; 

pRK.24 andpAL202::TN/KAN25; pRK24, and IR3272 were grown overnight at 37°C in 

5 ml of LB broth. The next morning each strain was transferred to 40 ml of fresh LB 

broth and grown at 37°C with shaking to an 0D600 of 0.6. Two hundred microliters of 

pir+(pAL202::TN/KAN21 or 25; pRK24) and 1.8 ml ofIR3272 were mixed and 

incubated for 60 min in a 3 7°C water-bath. Serial dilutions of the donor strains were 

plated individually on LB agar to determine the viable count of the strains. After the 60 

min incubation period serial dilutions of the mating mixtures were plated in 100 µl 

aliquots on M9 minimal medium containing histidine, tryptophan, and lysine at 40 mg/L 
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Figure 1. Test for distribution of pAL202 genes in other Alaskan plasmids 
Genes in regions I-IV were amplified: region I (ORF4-ORF5), region II (ORF6), region III 
(ORF4-ORF6), and region IV (ORF10-ORF13, Mob-like genes). Region I was amplified 
with primer set IRl and IR2, region II with IR3 and IR4, region III with IRl and IR4, and 
region IV with IRMob 1 and IRMob2 (Table 1 ). . 
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each, streptomycin (25 µg/ml), nalidixic acid (20 µg/ml), and either kanamycin ( 50 

µg/ml) or tetracycline (50 µg/ml). The plates were incubated at 37° C for 1-3 days. 

In a separate plate mating experiment with these same strains, 100 µl of each 

mating mix was spotted separately on an LB agar plate and incubated overnight at 3 7°C. 

The next morning the cells of each mating mixture were scraped from the plates and 

suspended in 500 µl of TE buffer. Serial dilutions were plated on selective M9 medium 

as described above followed by incubation at 37°C for 1-3 days. 

Test for Distribution of pAL202 Genes in Other Alaskan Plasmids 

The test for the distribution of pAL202 genes in other Alaskan plasmids was 

performed in three parts, two PCR studies, and one hybridization study. The first part 

was PCR amplification as described previously with plasmid DNA of the Alaskan H 

pylori strains used as template. PCR primers derived from the DNA sequence of pAL202 

{Table 2) were used to test for the distribution of DNA sequences present in pAL202 in 

six other H. pylori Alaskan plasmids, pAL203, pAL207, pAL208, pAL209, pAL226, and 

pAL236. Genes in four different regions were amplified (Fig. I); region I (ORF4-ORF5), 

region II (ORF6), region III (ORF4-ORF6), and region IV (ORFl 0-ORF13, Mob-like 

genes). Region I was amplified with primer set IRl and IR2, region II with IR3 and IR4, 

region III with IRI and IR4, and region IV with IRMobl and IRMob2. The PCR 

amplification reactions were described above. 

In the second part, hybridization studies were performed to confirm the PCR 

findings. The same PCR primers mentioned above were used to make probes to 

hybridize to plasmid DNA from the Alaskan plasmids. The NEBlot® Kit (New England 
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BioLabs Inc.) for preparation of high-specific-activity DNA probes was used to label the 

probes. To make the probes, 10-20 ng of plasmid DNA (template) in a total volume of 

33 µl ofH2O was added to a microcentrifuge tube, boiled for 5 min, placed on ice for 5 

min, then centrifuged briefly. To the tube was added; 5 µl lOX labeling buffer, 2 µI 0.5 

mM dATP, 2 µl 0.5 mM dTTP, 2 µl 0.5 mM dGTP, 1.0 µ1 of DNA polymerase 1-K.lenow 

Fragment (5 units), and 5 µl a-dCTP32 (3000 ci/mmol, 50 µCi). The reaction was 

incubated at 37°C for 1 hr. Following incubation, the labeled probes were purified for 

the removal of the unincorporated nucleotides using Sephadex-G50 Nick columns 

(Amersham Biosciences) as recommended by the manufacturer. The amount of 

radioactivity incorporated was determined with a Packard Tri-Carb 2100 TR scintillation 

counter. Between 40 and 50 million counts were used in each hybridization reaction. 

Plasmid DNA was digested with Hindlll and passively transferred to a positively 

charged Nytran® nylon transfer membrane by using the Turboblotter™ Rapid Downward 

Transfer Systems (Schleicher & Schuell). The alkaline transfer of the DNA to the nylon 

membrane occurred as follows: the agarose gel was incubated twice for 30 min in 

denaturing buffer (3M NaCl, 0.4 M NaOH) and washed in transfer buffer (3M NaC4 8 

mM NaOH, 2 mM sarkosyl) for 15 min. The membrane was soaked in H2O for 15 min. 

After the transfer apparatus was assembled, the DNA was passively transferred to the 

nylon membrane overnight. Following transfer, the membrane was washed for 5 min in 

IX neutralizing buffer (1.0 M phosphate buffer, pH 6.8). The membrane was added to a 

hybridization tube containing 10 ml of UL TRAhyb hybridization buffer (Ambion) and 

was prehybridized for at least 1 hr at 42°C in a Hybridization Incubator Model 310 
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(Robbins Scientific). The radioactive probe was denatured at 95°C for 5 min, placed on 

ice for 5 min, and then added to the hybridization tube and incubated overnight. 

Following hybridization, the hybridization buffer was discarded; the membrane was 

washed three times with a wash buffer (50 ml of2X SSC, 0.1% SDS), and finally 

incubated at 42°C for 30 min with SO ml wash buffer. The membrane was exposed to a 

Kodak screen for at least 1.5 hr followed by the detection of hybridization with the BJQ;. 

RAD Molecular lmager® FX (BIO-RAD) and analysis with the Quantity One® (BIO-

RAD) computer program. 

Indications that the plasmid template might have been contaminated with 

chromosomal DNA led to the third part which consisted of a second PCR amplification, 

using exonuclease-treated template. To remove chromosomal DNA from the isolated 

plasmids, plasmid DNA was treated with ATP-dependent exonuclease (Qiagen) and with 

Plasmid-Safe™ ATP-Dependent DNase as described by the manufacturer (Epicentre). 

The enzymes degrade linear but not circular, supercoiled DNA. PCR studies were 

repeated with treated and untreated DNA. A recombinant plasmid of pAL202 

(pAL202::TN/KAN25) was used as a positive control, and pZErO-2.1 TM (Invitrogen) 

transformed with the EZ::TNTM<R6Kyori/KAN-2> transposon (pZErO::TNIKAN) and 

electroporated into the E. coli pir+ cells was used as a negative control. 

Transformation of AL202 and HU71 

Three different single insertion mutants of pAL202 were used in separate attempts 

to transform both AL202 and HU71, a strain with no plasmid. These single insertion 

mutants were: pAL202::TN/KAN25, hp 414, in which the transposon was inserted 

28 



between orjl/repA and its promoter; pAL202::TN/KAN21, bp 4370, in which the 

transposon was inserted in orf2; and pAL202::TN/KAN2, bpl0161, in which the 

transposon was inserted in another location in the plasmid. 

In the natural transformation procedure (85), H pylori cells from frozen cultures 

were plated on cold BHI-YE agar plates and incubated at 3 7°C under microaerophilic ( 5-

10% CO2) conditions for 2-5 days. After 2 days growth, the cells were scraped and 

spread on a cold brain heart infusion-yeast extract (BHI-YE) agar plate in a diameter of 

8-10 mm and incubated for 5 hr as mentioned above. Recombinant plasmid DNA (2-10 

µg) was spotted on the inoculated area. Following an incubation period of 16-24 hr, the 

cells were scraped from the plates and suspended in 1ml of TE buffer or BHI-YE broth. 

Dilutions were plated in 100 µl aliquots on selective (BHI-YE plus 50 µg/ml kanamycin) 

and non-selective (BHI-YE) medium. 

Three different procedures were used in the attempt to transform AL202 and 

HU71 through electroporation. In all three procedures 10 µg of plasmid DNA 

resuspended in 10-20 µl ofUPH2O was used in each electroporation attempt. In the first 

procedure described by Wang et al. (85) cells were made electrocompetent by suspension 

in 10% glycerol. Electroporation was carried out according to the manufacturer's 

procedures in a TransPorator™ Plus Electroporation system (BTX) at voltages ranging 

from 1.5 kV to 2.5 kV, 40 µF, 130 Q, in a 1 or 2 mm cuvette. Following electroporation, 

the cells were plated immediately on a cold non-selective plate (BHI-YE) and incubated 

for 12 hr at 37°C under microaerophilic conditions (5-10% CO2). The 12 hold cells were 
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scraped and suspended in 1.0 ml ofBHI-YE brot~ diluted, and plated in 100 µl aliquots 

on selective and non-selective medium. 

In the second procedure, described by Segal et al. (13), cells were made 

electocompetent in electroporation buffer (EPB) [272 mM sucrose, 15% glycerol, 2.43 

mM K2HPO4, 0.57 mM KH2PO4, pH 7]. Electroporation was carried out as described 

above. Following electroporation, cell volume was brought to 1.0 ml with phosphate-

buffered saline (PBS) at pH 7.4. The cells were further diluted and plated in aliquots of 

100 µI on selective and non-selective medium and incubated under microaerophilic 

conditions. 

The third procedure was a combination of the above procedures and a method 

described by Edwards et al. (28) in which increased temperature temporarily inactivates 

the restriction modification complexes of cells. In this procedure AL202 and HU71 cells 

were first incubated at 50° C for 30 min to inactivate the enzymes, cooled on ice for 2 

min, and then made electrocompetent. Electroporation, dilution, and plating of cells were 

as described for the previous two procedures. 
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CHAPTER III 

RESULTS 

Purification and Restriction Enzyme Analysis of Plasmid pAL202 

Plasmid DNA of pAL202 was isolated from H pylori strain AL202. Agarose gel 

electrophoresis (Fig. 2a) of restriction digestions of pAL202 digested with Eco RI 

produced one ( 12120 bp) fragment; Hindlll produced five fragments ( 6862, 1791, 1602, 

1187, and 678 bp); andXbal produced three fragments (11518, 572, and 30 bp). Some of 

the Hindlll and XbaI fragments were too small to be visualized on the agarose gel, and 

only after the whole plasmid sequence was determined could the correct sizes of the 

fragments be determined (Fig. 2b). 

Transposition and Selection for Single Insertion 

Random insertion of the EZ::TNTM<R6Kyori/KAN-2> transposon (2001 bp) into 

pAL202 was followed by electroporation into E. coli pir+ (low copy number) cells and 

pir-116 (high copy number) cells. NZYM or LB agar containing kanamycin (50 µg/ml) 

was used to select for cells transformed with recombinant plasmids. Sixty-eight 

transformants were recovered from the E.coli pir+ cells. No transformants were 

recovered from the electroporation into E. coli pir-116 cells. There was one EcoRI site 

on pAL202, and one PstI site on the transposon (Fig. 3a). Plasmid DNA of the 

transformants was isolated and double digested with EcoRI and Pstl followed by agarose 

gel electrophoresis. Single insertion of the transposon in pAL202 resulted in one or two 
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Figure 2. Restriction digestion of pAL202 
a. Lane 1, kb ladder standard; lane 2, digestion with EcoRI; 

lane3, HindIII; lane 4, Xbal. 
b. A graphic representation of restriction digestion sites on pAL202. 
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a. 

b. 

2 3 

Pst I (14082) 

pAL202 Transformant 
14121 bp 

4 5 6 7 8 9 10 11 12 

13 14 15 16 17 18 19 20 21 22 23 

Figure 3. Restriction digestion of pAL202 transformants. 
a. A graphic representation of a pAL202 transform ant (single insert). 
b. Restriction digestion of pAL202 trans formants with Eco RI and Pstl. 

Lanes 1, 12, 13, and 23, are kb ladder standards. Lanes 2-11 and 14-22 
are separate single insertion isolates. 
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bands on the agarose gel (Fig. 3b). These 19 single insert recombinants were recovered 

and kept for further analysis. 

The EZ::TNTM<R6Kyori/KAN-2> transposon also was inserted into plasmid 

DNAs ofpAL208 and pAL236. Two recombinants were obtained for pAL208, 

pAL208::TN/KAN8 and pAL208::TN/KAN9, and three for pAL236, 

pAL236::TN/KAN2, pAL236::TN/KAN5, and pAL236::TN/KANl 1. The restriction 

enzyme Hindlll was used to test for the presence of the transposon in these recombinants. 

Hindlll has two restriction sites in the transposon, at bp 416 and bp 1969, and produces a 

1553 bp fragment on an agarose gel (Fig. 4). 

DNA Sequencing 

All nineteen recombinant plasmids were used in sequencing reactions in an 

attempt to construct the plasmid. The KAN-2 FP-1 Forward Primer and the R6KAN-l 

Reverse Primer (Table 2) were used bi-directionally to determine the sequence of the 

recombinant plasmids. The sequence of each strand was determined at least twice. From 

each individual sequence reaction 200-1000 bp were obtained. The individual sequences 

were each submitted to the Basic Local Alignment Search Tool (BLAST) program of the 

National Center for Biotechnology Information (NCBI) (4) to confirm that the sequences 

obtained were not transposon sequences. Multiple sequences from each individual region 

were aligned in the AlignX® program from Vector NTI® Suite 7 .0 and 8.0 (lnforMax). 

Consensus sequences from the alignment were used in the construction of pAL202 using 

the ContigExpress® from Vector NTL Labeled sequencing primers (Table 2) were 

designed and obtained from LI-COR to fill gaps and also to remove ambiguities within 
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2 3 4 5 6 

12 kb 

3 kb 

I. 6kb 

0.5kb 

Figure 4. Single transposon insertion of pAL208 and pAL236 digested with HindIII. 
Lane 1, kb ladder standard; lane 2, pAL208::TN/KAN8; lane3, pAL208::TN/KAN9; 
lane 4, pAL236::TN/KAN2; lane 5, pAL236::TN/KAN5; lane 6, pAL236::TN/KAN11. 
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obtained constructs. Based on this sequence determination, H. pylori plasmid, pAL202, 

was established as 12120 bp. Figure 5 shows the complete sequence ofpAL202. The 

open reading frames (ORFs), translated potential proteins, iteron location, and restriction 

sites are indicated. A total diagram of pAL202 structure is shown in Figure 6. Figure 7 

is a diagram showing the transposon insertion sites in relation to each ORF. 

DNA and ORF Analysis 

An overall GC content of 34.3% was obtained for pAL202 from the Vector NTI® 

Suite 8.0 program. This percent was slightly lower than that of H pylori chromosomal 

DNA of strains 199 (38.9%) and 26695 (39.2%). However, the percent GC ofpAL202 

was similar to H. pylori plasmids with similar open reading frames such as pHel4 

(34.3%), pHelS (34.4%), and pHPM8 (33.4%) (Table 3). 

The sequence ofpAL202 was analyzed with the computer software of Vector 

NTI® Suite 7.0 and 8.0 (lnforMax). ATG, GTG, and TTG were recognized at putative 

translation start sites (23, 81 ). The complete sequence had 15 putative open reading 

frames (ORFs), with six (ORFl, ORF2, ORF4, ORFS, ORF6, ORF14) on one strand and 

nine (ORF3, ORF7, ORF8, ORF9, ORFlO, ORFl 1, ORF12, ORF13, ORF15) on the 

opposite strand. Possible promoter consensus sequences and ribosome binding sites 

(RBS) were determined by using the consensus sequences of E. coli (Table 4). No 

promoters were found for orfl O and orfl 5, and no RBS for orfl 5. 

Nucleotide sequences and amino acid sequences were submitted to the BLAST 

program ofNCBI (4, 5) to find homologies to known sequences. The greatest identity 

between pAL202 and H pylori plasmids was to pHel4 (39) which is 10970 hp and came 
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lterons 

1 'i: 'l"CTTACGAG TGATJ>_l\(;GGA ACTTCTTACG AGTGATAAGG GAACTTCTT;., CGAGTG.:>.TA .!\ G.,c,A;..:_,, T, .. T TACGAGTGJI.T 
N ,GAATC-CTC ACTATTCCCT TG!....J\GAATGC TCACTATTCC Cl'TGJ\AGMT GCTC:ACTATT c:cc:1··::-c.:AAQ'.. ]~T(CTCACTP. 

lterons 

81 !J\GGGAACTT AAAAATTTM 
TTCCCTTGAA TTTTTAMTT 

161 GTATTTCCTA TGTGTGGTAG 
CATAMGGAT ACACACCATC 

241 CATCTCGTTA GGAGGTATCA 
GTAGAGCAAT CCTCCr..TAGT 

321 AGGCTTATTC GTGGTT'l'AAT 
TCCGAATAAG CACCAAATTA 

+1 

TAGTTTCCAT 
Al'CAAAGGTA 
CAATTTGGAG 
GTTAAACCTC 
ATGTGAAAGT 
TACACTTTCA 
CCCTTGTTTA 
GGGAACAAAT 

ATTMCCATT 
TAATTGGTAA 
TAATTAGCTT 
ATTAATCGAA 
ATTTTTCGTA 
TMAAMCAT 
TGGGGTTAGA 
ACCCCAATCT 

TTCAGCTACA ATMCAGCGC GTGMGATAC TT1'CACAGCG 
MGTCGATGT TATTGTCGCG CACT!CTATG AAAGTGTCGC 

GACTTGGTTG AGTTAGTGGG TTGGAGGATA GAGAGAGCGA 
CTGAACCAAC TC.AATCACCC AACCTCCTAT CTCTCTCGCT 

TTAGTGCTAG TATTAGTAAT TCTCGCACAA TTGCTATATT 
AATCACGATC ATAATCATTA AGAGCGTGTT AACGi\TATAA 

CCCTTATAAG CATACTAATA CGATCACACT TATTATACAC 
GGGAATATTC GTATGATTAT GCTAGTGTGA ATAATATGTG 

ORF1 

VEF DQL ESQ R SOL QKV L KEL 

401 CAAAAGATM GGAGTATAGA GTGGMTTTG ATCMTTAGA ATCACAMGA TCAGATTTAC MAAAGTGTT AA.aAGAATTA 
GTTTTCTATT CCTCATATCT CACCTTAAAC TAGTTAATCT TAGTGTTTCT AGTCTAAATG TTTTTCAC.AA TTTTCTTAAT 

ORF1 

+1 D T L P K T P Q E L Q K Q E Q O R N K T D T I · 

4 81 GATACGCTCC CAAAAACCCC ACAAATTGAG TTACAAAAAC AAGMATACA AGACCGCATC AACAAAATAA CAGACACMT 
CTATGCGAGG GTTTTTGGGG TGTTTAACTC AATGTTTTTG TTCTTTATGT TCTGGCGTAG TTGTTTTATT GTCTGTGTTA 

ORF1 
+1 · I I K E l L S K H E K K E E L K P T L K E E P T P T K 

5 61 CATTAl..AGAA 'r'TACTATCAA AGCATGAMT CAAAAAAGAA GAACTAAAAC CAACTCTAA.A AGAAGAACCC ACACCAACAA 
GTAATTTCTT .AATGATA.GTT TCGTACTTTA GTTTTTTCTT CTTGATTTTG GTTGAGATTT TCTTCTTGGG TGTGGTTGTT 

ORF1 

+1 ·KA P Q T T P T P C K N L V V S T P K D N T Y T Y H 
6 41 AAGCGCCACA AACCACCCCC ACACCATGCA .l\AAATTTAGT GGTTAGCACC CCTAAAGATA ACACCTATAT CACTTACCAC 

'!'TCGCGGTGT TTGGTGGGGG TGTGGTACGT TTTTAAATCA CCAATCGTGG GGATTTCTAT TGTGGATATA GTGAATGGTG 
ORF1 

Hindlll 

+1 NNA N KV N LG K LSE REA N LL FA F Q K L K 

7 21 MTAACGCTA ACAAGGTTAA 7CTAGGGMA T'l'GAGCGMA GGGAAGCCM TCTTTTATTC GCTATT~TTC AAMGCTTAA 
'1.'TATTGCGAT 'fGTTCCMTT AGA'ICCCTTT AACTCGCTTT CCCTTCGGTT AGAAAATAAG CGATAAAAAG TTTTCGAATT 

ORF1 
n ·K D a G N T L R F E p Q D L K R M M V K s N L T N R 

8 0 l AGATCAAGGG AATACCCTTA TTCGl'TTTGA ACCGCAAGAT TTGAMCGCA TGATCATGGT CMATCTAAC TTAACCMCA 
TCTAGTTCCC TTATGGGAAT AAGCAAAACT TGGCGTTCTA AACTTTGCGT ACTAGTACCA GTTTAGATTG AATTGGTTGT 

ORF1 .................... ""'"'~ ................... -~-. ..... -~-...~· 
+1 ·Ra L L a V L K N L L D N S G A N F W R E H V E 

8 81 C-GCAATTAT'I' GCAAGTCTTA AAAAATTTGC TTGACAACAT CAGCGGTGCT AATTTTTGGA TCATTAGAGA GCATGTTGAA 
CCGTTAATAA CGTTCAGMT TTTTTMACG AAC'l'GTTGTA GTCGCCACGA TTAAAAACCT AGTAATCTCT CGTACAAC'i'T 

ORF! 

+1 N G E Y E D H T S Y M L F K Q F D R H K P T Q T 

9 61 AATGGCGAAA 7CTATGAAGA TCACACTAGC TACATGCTTT TCAAACAl'\TT TGACJ\TTCGT ATCCATMGC CJ\.ACCCAAAC 
TTACCGCTTT AGATACTTCT AGTGTGATCG ATGTACGMA AGTTTGTTAA ACTGTAAGCA 'fAGGTA'l'TCG GTTGGGTTTG 

ORF1 
+1 · T I E Y L E V Q L N D S Y Q Y L L N N L G M G Q Y T S F 

J.011 TATAGAATAC TTAGAAGTCC AACTCAl'.\TGA TAGCTATCAA TACTTGCTTA ACAATCTAGG AATGGGGCAA TACACTTCTT 
ATATCTTATG AATCTTCAGG TTGAGTTACT ATCGATAGTT ATGAACGMT TGTTAGATCC TTACCCCGTT ATGTGAAGAA 

ORF1 

+-1 · F K L E F Q Q V R G K Y A K T L Y R L L K Q Y K S T 

1121 TCAAGCTCAT AGA1,TTTCAA CMGTGAGAG GTAAA'I'ACGC TAAAACGCTC TATCGCT'l'GC TCAAGCMTA Ci\MAGCI\CA. 
AGTTCGAGTA TCTTAl\AGTT GTTCACTCTC CATTTATGCG ATTTTGCGAG ATAGCGAACG AGTTCGTTAT GTTTTCGTGT -... --.--- --~-----~ 

ORF1 

+1 G L S V E W T Q F R E L L O P K D Y E M R N D Q 

1201 c,:i.,c,A·nn,\A GCGTGGAATG GACTCAATTC AGGGAACTT1' TAGACATTCC AAAAGACTAT GAM!GCGAA ACATCGJ\TCA 
CCCT.2',.l\i\A TT ·,c.'~.,\,,C,o.c CTGAGTTAAG TCCCTTGAAA ATCTGTAAGG TTTTCTGATA CTTTACGCTT TGTAGCTAGT 
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ORF1 

+1 ·O K V L T P S L K E L H K Y PF EHL SY K KER KS 

12 8 ). AAAAGTCTTA ACTCCAAGCC TCAAAGAACT CCATAAMTC TATCCCTTTG AACACTTGAG CTACAAAAAG GAACGC1'.AAA 
TTTTCAGAAT TGAGGTTCGG AGTT'I'CTTGA GGTATT'r'.l:AG A'l'AGGGAAAC TTGTGAACTC GATGTTTTTC CTTGCGTTTT 

ORF1 
+1 · S H O K R K V T H I O F Y F E Q L P Q G E T K H Q K Q 

13 61 GCCACGACAA GCGCAAGGTA ACCCACATTG ACTT'l'TAT'!'T TGAGCAATTG CCACAGGGCG AAACCAAGCA TCAAAAGCAA 
CGGTGCTGTT CGCGTTCCAT TGGGTGTAAC TGAAAATMA ACTCGTTAAC GGTGTCCCGC TTTGGTTCGT AGTTTTCGTT 

ORF1 

1-findlll -+1 KDKQRAORD K L V A W D N N Q A K R N A K 
14 41 AAAGACAAAC AACGCGCTCA AAGGGACATT AAGCTTGTAG CATGGGACAT CAATMCCAA ATCGCTAAAA GAAACGCTAA 

TTTCTGTTTG TTGCGCGAGT TTCCCTGTAA TTCGAACATC GTACCCTGTA GTTATTGGTT TAGCGATTTT CTTTGCGATT 
ORF1 

+1 · K A T M E A R F L E L K T L I G Y Q F K H N N G T L 0 

15 21 AGCCACTATG GAAGCTAGGT TTC~TGJ\ATT GAAAACCTTG ATTGGTTATC AGTTCAAGCA CAACAATGGG ACTATTTTAC 
TCGGTGATAC CTTCGATCCA AAGAACTTAA CTTTTGGAAC TAACCAATAG TCAAGT'l'CGT GTTGTTACCC TGATAAAATG 

ORF1 

+1 ·O I N N A T F E K N Q M F L H V S T N K N S Q K F L V 

1601 AGATTAACAA CGCCACTTTt GAAAAGAATC AAATGTT'l'TT GCATGT'I'TCA ACCAACAAAA ACTCTCAAAA ATTCCTTGTG 
TCTAATTGTT GCGGTGAMA CTTTTCTTAG TTTACAAAAA CGTACAAAGT TGGTTGTTTT TGAGAGTTTT TAAGGAACAC 

ORF1 

+1 S N K T F A L E L L F V N G Y S L K K D S L L E E I D · 

1681 TCCAACAAGA CATTCGCTTT AGAACTTCTG TTTGTCAATG GATACAGCCT GAAAAAAGAC AGCTTGCT.t\G AAGAAATTGA 
AGGTTGTTCT GTAAGCGAAA TCTTGAAGAC AAACAGTTAC CTATGTCGGA CTTTTTTCTG TCGAACGATC TTCTTTAACT 

ORF1 

+1 · D P P K H P T N E P K E F D E Y G K T H I T N · 

17 61 TCCCCCCAAA ATCCACCCTA TCACTAACGA ACCCATCAAG GAATTTGATG AATACATCGG CAAMCGATC CACATC/:ICTA 
MGGGGGTTT TAGGTGGGAT AGTGATTGCT TGGGTAGTTC CTTAMCTAC TTATGTAGCC GTTTTGCTAG GTGTAGTGAT 

ORF1 

+1 · N F N V D K C P E G N N Y L K T R A K L N D N R 

18 41 1\TTTCAATGT GGACAAA.TGC CCTGAGGGGA TCMCMCTA TCTAAAGATC ACTAGGATCG CCAAACTGAA CGACAATCGG 
l'AAAGTTACA CCTGTTTACG GGACTCCCCT AGTTGTTGA.T AGATTTCTAG TGATCCTAGC GGTTTGACTT GCTGTTAGCC 

ORF1 __ .,._., __ , 
+1 C C F S P R C G 

l 9 21 ATCTGTTGTT TCACTCCMG /\TGTGGl\.TM GCCTCAGI\N\ CTGCTl\J,/IJ\C CTTTCATTGC TMACATCAC A,\ACATTTCA 
TAGACAACAA AGTCAGGTTC TACACCTATT CGGACTCTTT GACGATTTTG GAMGTAACG ATTTCTACTC TTTGTAAACT 

- 2001 MAATTGGTT CAAGAAACAC TACAGGTAAT CGGTGGACTA GAGCATAGCT CTAGTCTTAA TATTATCGCC AGCTAAAGCT 
TTTTAACCAA GTTCTTTGTG ATGTCCATTA GCCACCTGAT CTCGTATCGA GATCAGAATT ATAATAGCGG TCGATTTCG1~ 

. .. . ~ 2os 1 GGCATTGGGG GGCTTATTAA TMGTTTTTT TACATT'£TAT CTTTTATTGT TTTGACATAC TCCCCATAGC TAAAGCTAGA 
CCGTAACCCC CCGAATAATT ATTCAAAAAA ATGTAAAATA GAAAATAACA AAACTGTATG AGGGGTATCG ATTTCGATCT 

Of~F4 

ORF3 

+3 M S F W E K 

21 t>l C-.ACTTTGCGG CATTATTTGG TAAAATGATT TCACAMGTG A/1.TTGTAATJ\. GGAGTTTAM .l\J\ATGAGTTT TTGGGAAAA.l\ 
CTGN\71.CGCC GTAATAMCC ATTTTACTJIJ\ AGTGTTTCAC 'l'TMCJ\TTAT CCTCMATTT TTTACTCAAA AACCCTTTT·T 

-3 

-1 F L K Q S F N ...... ---·-··-·---·····---•··--···-··--··-------------------O-R-F-4-··--·--------··-·-------··--·-------·------
0RF3 

+3 LGFKGSVCAEOKL A K E C E E K P S E N 

2 2 1 TTAGGT'!'TTA AAGGCTCTGT ATGTGCTGM CAAAAGTTAA TTGCCAAAGA ATGTATTGAG ATTGAAAAAC CTAGTGAAAA 
AATCCAAAAT TTCCGAGACA TACACGACTT GTTTTCAATT MCGGTTTCT TACATAACTC TAACTTTTTG GATCACTTTT 

.3 

-1 · N P K L P E T H A S C F N A L S H s S F G L S F 
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ORF4 

ORF3 
+3 ·N K E E K L R L D EKQVE RN LLKAKAKQ 

2 321 TAAAATAGAA ATAGAAAAAT TAAGATTAGA TATAGMAAA CAAGTAGAAA GAAATATTCT TTTAMAGCT AAGGCTAAAC 
ATTTTATCTT TATCTl'TTTA ATTCTAATC! ATATCTTTTT GTTCATCTTT CTTTATA.~GA AAATTTTCGA TTCCG.l\TTTG 

.3 
-1 

+3 
2401 

.3 

-1 

+3 

2 481 

-3 

L s S F N L N S SFCTS LF RKFA LALC 
ORF4 

ORF3 

·Q Q D E L N K R E T L K L E F E L K E K L E K E K E 

AGCAAGATGA GTTAAACMG AGAGAGACAC TAMACTAGA ATTTGAACTA AAAGAAMAT TAATAGAGAA AGAAAAAGAG 
TCGTTCTACT CAATTTGTTC TCTCTCTGTG ATTTTGATCT TAAACTTGAT TTTCTTTTTA ATTATCTCTT TCTTTTTCTC 

--··-•• t...-~•"A ~-•~-~• ••-- " •• '•· ,__ 

·C C s s N F L L s V s F s s N s s F s F N I s F s F s s 
ORF4 

ORF3 

L E R F K T T E a A K R E R E K E L E K L K a E T I· 

CTAGAGAGAT TTAAMCAAC CGAACAAGCA AAACGAATM AAAGAGAGAA AGAGTTAGAA AAATnAAAC AAGAAACTAT 
GATCTCTCTA AATTTTGTTG GCTTGTTCGT TTTGCTTATC TTTCTCTCTT TCTCAATCTT TTTAATTTTG TTCTTTGATA 

-1 · S S L N L V V S C A F R S LS F SNS FNF CSV 
ORF4 

ORF3 

+3 · I E K M K K T SDPLVf=HPDP D N L M R E 

2 5 61 AGAAAAAl,TG AAAAAAATCA CAATCAT.TAG TGATCCCCTT GTTTTTCACC CTGACCCTAT TATTGACAAT CTAATGCGTG 
TCTTTTTTAC TTTTTTTAGT GTTAGTAATC ACTAGGGGAA CAAA.MGTGG GACTGGGATA ATAACTGTTA GATTACGCAC 

-3 -----~·--.. ~ ---~J--
-1 s F F F V M 

ORF4 --- ', .. .,, ..... ~-~""' 
Hlndlll -+3 ·E R H N N R K L K E K E Q K E K T Q a K s y V K s M 

.2 641 AGAGI\.CATM CMTJ\Gfv'\AG CTTAAGJ\T1'G Al\AAAGMCA GAMGJ\l\Nl.A. ACTCMCAAJ\ A.!\,.l\GTTATGT MAGAGCATG 
TCTCTGTATT GTTATCTTTC GMTTCTATC T!TTTCTTGT CTTTCTTTTT TGAGTTGTTT 'I'TTCAA'rACA TTTCTCGTAC 

ORFS 

+2 V V K K T L H R V F N L A T W L L A L L G L L F L W 

2 7 21 TAGTC-,GTTM MAAACATTA CATAGA.GTTT TTAATCTTGC TACTTC',C.CTG TTAGCTCTTT TC-<",(',(',CTATT ATTTTTATGG 
ATCACCAATT TTTTTGTAAT GTATCTCAAA AATTAGAACG ATGAACCGAC AATCGAGAAA ACCCCGATAA TAAAAATACC 

ORFS 

+2 H Y Q V E L K P E G C G K R F L G L F L I K V E D F 

2801 CATTACATAC AAGTAGAATT MAGCCTGM GGCTGTGGTA AGCGGTTTCT TGGJ\TTATTT CTTATCAA.AG TAGAAGATTT 
GTAATGTATG TTCATCT'I'AA TTTCGGACTT CCGACACCAT TCGCCAAAGA TICCTAATAAA GAATAGTTTC ATCTTCTAAA. 

ORFS 

+2 · F E G L K Y P K K R R E I Q K A E Q E L E E L K Q K 
288 1 

+2 
296 1 

+2 

30 4 .1 

TGAAGGACTA AAATATATCC CTAAAAAACG TCGTATAGAA ATTCAAAAAG CAGAACAAGA GTTAGAAGAG CTMAACAAA 
ACTTCCTGAT TTTATATAGG GATTTTTTGC AGCATATCTT TAAGTTTTTC GTCTTGTTCT CAATCTTCTC GATTTTGTTT 

ORF5 ....................................................... ,........_ ......................................................... , ................................... ,....... ...... .--"-.................................. ......., ............... ...........,_..........,_ 
·KN K R L E K E M K D K H a K E L D K a E E L R Q E 

AAAATAAACG CTTAGAAAAA GAAATGAAAG ATAAGCACCA AAAAGAATTA GACAAACAAG AAGAATTAAG ACAAGAMTC 
TTTTATTTGC GAATCTTTTT CTTTACTTTC TATTCGTGGT 'l'TTTCTTAAT CTGTTTGTTC TTCTTAATTC TGTTCTTTAG 

ORFS ORF6 

N R LE V LS T KS TD NY DK V MD Y KELLE 

Tv"\TCGTTT(-.r. /\l";T,\1:;C.1\TGT GT'I'ATCTI\CA AN\TCTTI.CCG ATN\CTACGA CAMGTGATG GATTflTMAG AATTGTTAGJ\ 
TT/'.GCAAACC TC.!',TCGTACA CAATAGATGT TTTI\GATGGC T>.TTGATGCT GTTTCI\CTAC CTAATllTTTC TTAACMTCT 
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ORF6 

+2 · E F D D Y A M D L T R M A H H N S A M E G N N L T L G 

3121 ATTTGATGAT TACGCTATGG ATCTGACCAT TCGCATGGCG CACCACAACT CCGCTATGGA GGGCAACAAC CTGACTTTGG 
TAAACTACTA ATGCGATACC TAGACTGGTA AGCGTACCGC GTGGTGTTGA GGCGATACC'l' CCCGTTG'rTG GAt:'l'GAAA(;C 

ORF6 
' +2 ·G D T M S L D R K T P KSVSLDEVHE E N 

3201 GCGATACGAT GAGTATCTTA ATAGACAGAA AGACCCCTAT CAAG'l'CGGTG AGCTTAGATG MGTGCATGA GATAGAMAT 
CGCTATGCTA CTCATAGAAT TATCTGTCTT TCTGGGGATA GTTCAGCCAC TCGAATCTAC TTCACGTACT CTATCTTTTA 

ORF6 

+2 YRNF VP L LEFLEROK D E H L G Y F H· 

3281 TATCGCAATT TTGTTCCCCT TATTTTAGAA TTTTTAOAGA GAGATAAGAT CATll..GATGM CATTTGATTG GCTATTTCCA 
ATAGCGTTAA AACAAGGGGA ATAAAATC'.M' AAAAATCTCT CTCTATTCTA GTATCTACTT GTAAACTAAC CGATAMGGT 

ORF6 

+2 ·HS V L M R N LPDFGKFKTTYNE G A K K P· 

3 3 61 TTCTGTTTTG ATGCGTAATA TCCTGCCTG.l\ TTTTGGAAAA TTCAAAACCA CTTATAATGA GATCATAGGG GCTAAAAAAC 
AAGACAAAAC TACGCATTAT AGGACGGACT AAAACCTTTT AAGTTTTGGT GAATATTACT CTAGTATCCC CGATTTTTTG 

ORF6 

+2 · P T A S P M V Q P R N N L C L K Q O E A L L N L 

3 4 41 CAACTGCAAG TCCAATAATG GTGCAACCTA GAATCAATAA TCTGTGTTTG AMATACA'AG ATGAAGCGCT ATTGAATTTG 
GTTGACGTTC AGGTTATTAC CACGTTGGAT CTTAGTTATT AGACACAAAC TTTTATGTTC TACTTCGCGA TAACTTAAAC 

ORF6 

+2 S D E E K K K A E H H I E F E E H P F S D G N G 

3 5 21 AGCGATGAAG AAAAMTAAA MAGATAGCA GAACACCACA TAGAATTTGA AGAGATCCAC CCTTTTAGTG ATGGCAATGG 
TCGCTACTTC TTTTTTATTT TTTCTATCGT CTTGTGGTGT ATCTTAAACT TCTCTAGGTG GGAAAATCAC TACCGTTACC 

ORF6 
+2 · G R T G R A L M F Y Q T K A N L T P F V E V S A R S 

3601 TCGCACAGGA AGAGCCTTGA TGTTCTACCA AACCATAAAA GCTAATTTAA CACCCTTTGT GATTGAAGTA AGCGCTAGAA 
AGCGTGTCCT TCTCGGAACT ACAAGATGGT TTGGTATTTT CGATTAMTT GTGGGAMCA CTMCTTCAT TCGCGATCTT 

ORF6 

+2 · S E Y M H A M R E Q D T N T L V G K N C Q K K E L 

3 6 8 l GCGAATACAT GCATGCTATG AGGGAACAAG ACACTAACAC CCTAGTTGGC ATCATTAAGA ACTGCCAAJ.'\.l\. AAAAGAATTA 
CGCTTATGTA CGTACGATAC TCCCTTGTTC TGTGATTGTG f,GATCAACCG TAGTAATTCT TGACGGTTTT TTTTCTTAAT 

OHF7 

ORF6 

+2 E K E R Y A A LKEMRAA NFSVKKT 
3 7 61. C",AAAAGATTG AGCGATACGC TGCCATTTTG 'AAAGMATGC GAGCAGCAAA TTTTTCTGTC MAA'lv\.'T>..CAT GAGCACTTG.l:l. 

CTl'TTCTMC TCGCTATGCG ACGGTAAAAC TTTCTTTACG CTCGTCGTTT AAJ,,MG'ACAG T?TTTTTGTA __ CTSGTGAACT 

-3 FF M LVOF 

-2 
ORF? 

ORF2 

+3 M D K L EKLNHERK 

3 B 41 MAAT1'AG1'T CAAGAAACAC TACCACTAGG AAAACACCAT GATTGACAAA CTCATAGAM MCTC',MTCA CGAAAGAAAG 
,!_'.!',!I~ATCM GTTCTTTGTG ATC-,GTGJ\TCC TTTTGTC'.GTA CTAACTGTTT GAGTAT.CTTT TTGA(;TT:1::~---~-~!J~_!!_!S 

-3 · F I L E L F V V V L F V G H N V F E Y F F Q I V F S L 

-2 

ORF2 

+3 N A K N G Y H L a KFS YNSNR E G S G L· 

3 9 21 AATGCTATCA AAAATGGCAT TTACCACCTG ATCCAAATCA AAT'l'TTCTTA CAATTCTAAT CGCAT'rGAGG GAAGCGGTTT 
TTACGATAGT TT'l'TACCGTA AATG_GTGGAC TAGGTTTAGT_TTf::-1\.AAGAAT GTTAAGATTA /!:!}~TMCTCC CJ,,!_C_!~E-~Af::_~ 

.. 3 

-2 

S O F A NVVQOLDF KRV 

40 

R ANL S ATQ 
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ORF? 
ORF2 

+3 · l T Y E Q T A H F D K S V L TEKNANI KLDD 

4 001 GACCTACGAA CAAACCGCTC ATATTTTTGA CAAATCGGTT CTCATAACTG AAAAAAACGC CAJ\TATCAM CTTGATGATA 
~Gf_!GCTT GTTTGGCGAG TATAJ>..IIAACT GTTTAGCCAA GAGTATTGAC T~TTTTTGCG GTTATAGTTT GMCTACTAT, 

-3 · Q G V F L G S M N K V F R N E Y S F F V G I D F K I I N · 

-2 
ORF? 

ORF2 
+3 · I F E T NH FEC V NHL LES YOE P LS L EYF 

4 0 81 TTTT'l'GAAAC TATCAATCAT TTTGAATGCG TGAATCACTT GCTTGAAAGC TATCMGAAC C'M'TGAGTTT AGAA't'AC'l"TC 
MAAACTTTG ATAGTTAGTA MACTTACGC I\CTTAGTGAA CGAACTTTCG ATAGTTCTTG GAAACTCAAA TCTTATGII.AG 

-3 · N K F S D M K F A H V Q K F A L 
-2 

ORF2 
• 

+3 K T L H K LKKNCSDEV GGF KKRPNFVG 

4161 AAAACTTTAC ACAAAATCTT GAAAAAGAAT TGTTCTGATG MGTTATTGG TGGT'l'TCAAA AAACGCCCTA ATTTTGTAGG 
TTTTGAAATG TGTTTTAGAA CTTTTTCTTA ACAAGACTAC TTCAATAACC ACCAAAGTTT TTTGCGGGAT TAAAACATCC 

ORF2 
+3 · G N S A T T R P Q L V E S E L T N L V K N Y Q S N L E V 

4 2 41 CAATAGCGCC ACAACAAGAC CCCAATTAGT TGAAAGCGAA TTGACAAATC TTGTGAAAAA TTACCAAAGC AACCTTGAAG 
GTTATCGCGG TGTTGTTCTG GGGTTAATCA ACTTTCGCTT AACTGTTTAG AACACTTTTT AATGGTTTCG TTGGAACTTC 

ORF2 
+3 · V S L E N D F H V A F E K I H P F S D G N G R V G 

4 3 21 TGAGTTTGGA AAACATCATA GATTTTCATG TG~CTTT'.!'GA AAAGATACAC CCTTTTAGCG ATGGCAATGG TAGGGTGGGG 
ACTCAAACCT TTTGTAGTAT CTMAAGTAC ACCGAAAACT TTTCTATGTG GGAAAATCGC TACCGTTACC ATCCCACCCC 

ORF2 
+3 R L V M F K E C L K N N I M P F I E N E H K A F Y Y 

4401 CGATTAGTGA TGTTTMAGA ATGTTTGAAA AACAATATCA TGCCTTTCAT CATAGAAAAC GAACACAAAG CCTTTTACTA 
GCTAATCACT ACAAATTTCT TACAAACTTT TTGTTATAGT ACGGAAAGTA GTATCTTTTG CTTGTGTT'!C GGAAAATGAT 

ORF2 
+3 · Y R G K E Y D N T K G Y l K D T L Q S Q D N F N E M · 

4 4 81 CAGGGGCATC AAAGAATATG ACAATACAAA AGGCTATTTG AAAGACACCA TTTTGCAAAG TCMGACAAT TTCAATGMA 
GTCCCCGTAG TTTCTTATAC TGTTATGTTT TCCGATAAAC TTTCTGTGGT AAAACGTTTC AGTTCTGTTA AAGTTJ.\CTTT 

ORF2 

+3 · M V S Y F F C E 

4 561 TGGTTAGCTA TTTCTTTTGC GMTGMA(x; ATTTTTTC,,C TCJ\TATTTTC GTTTTGAGCG TTTTTTTTCG TGCTAGTGGG 
ACCAATCGAT AAAGAAAACG CTTACTTTCC TAAAAAAGCG AGTATAAAAG CAAAACTCGC AAAAAAAAGC ACGATCACCC 

ORF8 

4 6 41 A'l'AATTTGTC GGTTTTTTGT TTTTCGTTGG TTGTAGGCGA TT'l'TAGATAG CAAATCGTGT GATTGAATAT GTTAAAGTTT 

-3 

-1 

TA.TTM/\CAG CCNIJV\AA.CA MMa::.AACC AACATCCGCT AAAATCTATC GTTTAGCACA CTAACTTATA CAATTTCAM 
f--

L K 
ORFB 

7 21 TACTTTGTAT AGGAATACAC ATGTCAAAAT MGCGTGGAT ACAAAATGTA CAGCGATAAC TATl\GTCGGA GAAAAMTM 
ATGAAACATA TCCTTATGTG TACAGTTTTA TTCGCACCTA TGTTTTACAT Gl'CGCTl\TTG ATATCAGCCT CTTTTTTATT 

-3 

-1 VKY L FV CTL LTSVFHVA V T P S F I L· 
ORFB 

4801 GTAGCTCCM ACTTGTTATG CCTAAAATM TAACAGMAT TACTCGTGAG ACACTAGATT TTAGAGMGT Al\GGGATGAG 
CATCGAGGTT TGAACAATAC GGATTTTATT ATTGTCTTTA ATGAGCACTC TGTGATCTAA AATCTCTTCA TTCCCTACTC 

-3 

-1 · L L E L S T VRSVSS KLST LSSI 
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0Rf="8 

4 8 81 ATTTTCTCTT TACTGACATA AAGAGAAAAT TGATAACTTA CAATAAMTC TATGTATGTA AACAAGGCAA CACTGAGTAT 
TAAAAGAGAA ATGACTGTAT TTCTCTTTTA ACTATTGAAT GTTATTTTAG ATACATACAT TTGTTCCGTT GTGACTCATA 

-3 

-1 ·I K E K S V Y L S F Q Y S V I F D YTF LAV SL 
ORF8 

4 961 ATAGGCACTA ACAAATAGCA ATATGTTCAT ACTTAGCMC AGTGCACTAG CAAGTCCAAT CAAAAAGATC ATGGTAATAG 
TATCCGTGAT TGTTTATCGT TATACA1\GTA TGAATCGTTG 1'CACGTGATC GTTCAGGTTA GTTTTTCTAG TACCATTATC 

-3 

-1 YASVFL L NMSLL LASA LG L F M T l T 
ORF8 

EcoRI 
5041 -TCATATATCG GTTATACGAG TTGGCGTTAC AAAAATGAAC GAGAATTCCT ATAACTTGAA ATGAGATATA AAATATAAAC 

AGTATATAGC CAATATGCTC AACCGCAATG TTTTT.i\CTTG CTCTTAAGGA TATTGAACTT TACTCTATAT TTTATATTTG 

-3 

-1 · T M Y R N Y S N A N C F H V L G VQFSI YF F L 
ORF8 

5121 MGTAGTTTT CTGTAATTTG TTTGTCTAGC AAGTAGGCTT GCCATAATTG AAAATGACTT TGAAMAAGA TTTGCAAAAT 
TTCATCAAAA GACATTAAAC AAACAGATCG TTCATCCGAA CGGTATTAAC TTTTACTGAA A<;:TTTTTTCT AAACGTTTTA 

-3 

-1 · l Y N E T a KOLL YA OWL Q FHS a FF Q L 
ORF8 

5 20 1 TAGACTGAGT MAATTAGAT TTTTMGMG TGGTTTATCT TTTAGCTCTC TAAAACTTTC CCTTACATGT TGTTTTAATA 
ATCTGACTCA TTTTAATCTA AAAATTCTTC ACCAAATAGA AAATCGAGAG ATTTTGAAAG GGAA'l.'GTACA ACMAATTAT 

-3 

-1 L S L L L N K L L P K D K L E R F S E R V H Q K LI · 

........................ .._ ........... _. ................................. _ _,_....,......,.,_~_,.. ...... ....,.._., ....... .......,,_..-.. ................................ ~..,,.,, ......... 
5 2 81 TCTGMACTG TTGATTTTTT TCTAGTTTAT GAGAAGMTC ATC'l'TTAAM AATAAAATAA TGACCAAAAG GCACAGCAAT 

AGACTTTGAC AACTAAAAAA AGATCAAATA CTCTTCTTAG TAGAMTTT'! TTATTTTATT ACTGGTTT'fC CGTGTCGTTA 

-3 

-1 · I Q F Q Q N K E L K H S S D D K F F L VL L CLLT 
ORF8 -~-.-...... ..,__,.......,~__,.....,........, .............. .....,, ............ ,._..,_._...,.......,,.......,........,....,......, ....... .......,_... ....... ....,._ ...... ......,......, ............... 

5 .'3 61 GTAAGTAAGA CTGATATGTA GTACATAGAG ACACCATATT TTAMTACAA GAACGAGCCT GMCAACTTC CAATTATCAA 
CJ\TTCATTCT GACTATACAT CATGTATCTC TGTGGTATAA AATTTATGTT CTTGCTCGGA CTTGTTGAAG GTTAATAGTT 

-3 

-1 ·T L L V S YYMSVGYKLY LFSGSCSG L ------•,•-••""•-~~""''".,.•-~-~•~•-- ------- --- ---- ------- - - - --•u•~••••• ....... ,.,~, .. -•• .. •• .. •• .. •·~-•-~•• .. ••• ~•••- •••-•-• ••-•• 

54 41 

-3 

-1 

CCCTATAAAA CTGATTTGGC GACTTTTAGC MTAAATGGT GATAAATCTT CTTTTTGGTC TTTGATGTTG GTAATGAGAG 
GGGATATTTT GACTAAACCG CTGAAAATCG T'IATTTACCA CTATTTAGAA GAAAAACCAG MACTACAAC CATTACTCTC 

G F S QR SKA IFPS LDEKQDK N T LT · - --- - - --- - -------- --- ------·- --- ---------............ ....... ..... ...... . 
ORFB 

Xbcll -552 1 TGGCATCAAT GGTACCTGAG TCTAGAGCGT TTGATAACCC ATAAATACCC CATGCTAGAA CCATACTAAC AAAGCTGTC'I' 
ACCGTAGTTA CC/l.TGGACTC AGATCTCGCA MCT.11.TTGGG TJ\TTTATGGG GTACGATCTT GGTATGATTG TTTCG1\CAGA 

-3 

-1 ·TA D TGS D LANSLGY GWAL VMS V FSDL 
ORF8 

5 601 AACCATAGGA CACA'AA1'.AAA GCTACJ..C1.CT AGAACTAATT TTGAAACGAT AAAAAGCATC TTTCTATTTA TTMATCTGC 
TTGGT/!\TCCT GTGTTTTTTT CG/l.TGTGTGA TCTTGI\TTAA AACTTTGCTA TTTTTCGTAG 'AA'AGATAAAT AATTTAGACG 

-3 

-1 · L W L V C F F S C V L V L K S V F L M K R N L D A . ... ........... .. ...... ............ ........ . .... ---- ------- -----
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ORFB 

5681 TAACACACCA CTCGGGTATT CTGAGMTJ..A AACACACAAA CTGTAGGTGG CTTGTATGAT CA.TAATTTGA CT'l'AATGATA 
ATTGTGTGGT GAGCCCATAA GACTCTCATT TTGTGTGTTT GACATCCACC GAACATACTA GTATTAAACT GAATTACTAT 

.3 

-1 

57 61 

-3 

-1 

5841 

-3 

-2 
-1 

LVG SPY ESL L VCL SYTA QI 
ORF8 

ATCCTTTATT GAGCAATAAT GGTGTTAAAA TGGCATGTGG CAAAGACTGG GCAATGACAA 
TAGGAAATAA CTCGTTATTA CCACAATTTT ACCGTACACC GTTTCTGACC CGTTACTGTT 

-.J;....,,._--.,lf....,..~-•,ll~,.__,,._._'---~ 

·LG K N L L L p T L A H p L s a A I V L 
ORF8 

TAAGAGAGTA T,11.TTTACTTT TAGTGTTTTG TTCATATTAA GAAACTCTAT AAATTACGAT 
ATTCTCTCAT ATAAATGAAA ATCACAAMC .ll.AGT~TAATT CTTTGAGAT.l\ TTTMTGCTA 

L N R N 
.y s L N V K L T K N M 

ORF9 

M I Q S L S L· 

GTAGTATCGT TGCACAGTAA 
CATCATAGCA ACGTGTCATT 

L I T A C y y 
ORF9 

TAGAGCAAAA TACACATTTA 
ATCTC".GTTTT ATGTGTAAAT 

- -~---··-·"'···; 
s C F V C K y 

5 92 J. TAATCTACAC TAGATGGCAA AGTGTATGTT TTGAAAGTTT TGTTGTCAAC TCCGAATCGG CAGTTAAGGG ATTTTATGGA 
f.TTAGATGTG ATCT1'.CCGTT TCACATACM MCTTTCMA ACAACAGTTG AGGCTTAGCC GTCMTTCCC Tl\AAATACCT 

-2 · Y D V S S P L T Y T K F T K N D V G F R C N L S K S 

-1 
ORF9 

600 1 ATTAAAATCA TTAGACATAA ATTGTATAAT ATCTGAAATT GCTAGGCTAG AAGCGATAGA GTTATTTAAA AAACTTGATG 
'!._~T_!_T_,'!};~:!_ __ 7±:.TE_.~!_~!!__T_f±_SfY!_A.,TTA TAGACTTTAA CGATCCGATC TTCGCTATCT _ CAATAAATTT _ _ !_1!~~!'f-.S 

-2 NFDN SM F 01 D S A L S S A I S N N L F S S P· 

-1 
ORF9 

Xbal Xbal 
,NN\NV!N -6 0 81 GTGCTTGCAT GCGGTCATU ATAAGACATA TGTCTAGATT TTCATCACCG TCTTTTTTAT CATCTAGAGC MAACTATTA 

S~~3MCGTA CGC_EAqTMA TATTCTGTAT ACAGATC,TM MGTAGTGGC AGAJIAAAATA ~_gATCTCG TTT!3!~! 

-2 · P A Q M R O N L C D L N E D G D K K D D L A F S N H 

-1 
ORF9 

61 61 TGACAAAAAG GACAACAAGA CAATGAAGGG ATATAAAAAG GACCAATAAG 1>.GATATGTCA TTTAA1\.TAGC CAATATTTAA 
ACTG'l'TTn c •. STGT,_TGT~T _,.GTTACTTCCC .. TATATTTTTC __ CTGGTTATTC __ TCT/2!!;C.r,,.GT AMTTTATCG GTTATAN\TT 

-2 · H C F P C C S L S P Y F P G I L S D N L Y G I N L 

-1 
ORF9 

I 

62 41 AAATGGAATG CGACACTTAC AAAAMATCT TGTTGCCAAT TGCACTGTGT TTGGATTATC TCCAGAAACA ATTCC!\AACA 
TTTACCTTAC GCTGTGMTG TTTTTTTAG1\ ACAACGGTTA ACGTGACJI.CA M CCTMTAG AGGTCTTTGT TAAGGTT'fGT 

-2 F p RCK CFF RTALQVT NPNDGSV G F L· 

-1 
ORF9 

63 21 AATTTTCTTT TTTATGTTTA GAAAAAATTT C'l"l'CAAGATT GTCTTCJI.CTA GCAAAATCAT CTACTGTCTC MTATTGATA 
TTJ\MAGAJ,.A AAATACAMT CTTTTTTAAA GMGTTCTAA CAGAAGTGAT CGTTTTAGTA. __ GATG/C:AGAG_ ,TT_A.:~~E!:\T, 

-2 · L N E K K H K S F EEL NOES AF DD VT E N I S 

-1 

6 4 0 l CTAAATCTAC TAGAAAGAGC CTGCTTTATG GCAGATGTTT TATA'l'TGTGA AATGTAATTC TTGTCAAACA AGAACTGGCG 
,0 TTTAGATG ,\TCTTT~_TCG GA.CGAAATAC -~9,T_~I':~-~ ATAT.MCA~! .. ,! '£1;;~!:.!:.!~P ~CA_qT~~gr T.~_T_!,<>~s~GS 

-:? · S F R S S L A Q K ASTKYQS Y N K OF L F a.R 

-1 
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ORF9 

6 4 81 GTTAAGATTA CTGAAATCAA CAGTATCCTT ATCTAACAAT ATTAGTTTTT TTGGATAAAA ACTTGCTAAA GCATAGCTTA 
CAJ..TTCTM.T GACTTTAGTT GTCATAGGM TAGATJGTTA TA.'A,.TCAAA.AA AACCTATTTT TG.~ CGATTT __ C9,TAT_CG~_J 

-2 N L N S F O V T D K O L L L K K P Y F S A L A Y S V 

-1 
ORF9 

65 61 CAMATTTCC AATACCCCCA CAACCAATAA TGATGAAAAT AGTTCTTTTA AAATTATCTA TTGTTAGTTC TGGTTTACTT 
_GTTTTAAAGG TTATG~GGGT GTTGGTTATT ACTACTTTTA TCMGM.AAT TTTMTAGAT MCAATCMG ACCAAATGAA 

-2 · V F N G G G C G I I F T R K F N D T L E P K S S 
-1 

ORF9 

6 641 GACATTAGAT CGATAAACAG GTGATTCTTA AAGTTTTGTT CGTCATTTGG ATTTAATATG AATGATGTAA TAAGTTTATT 
CTGTMTCTA GCTATTTGTC C.ACTAAGAAT TTCA'AAACAA GCAGTAAACC TAJ.:ATTATAC TTACTACATT ATTCAAATM 

-2 ·S M L D F LHNKFNQEDNPNLI FST L K N 
-1 

ORF9 

6 7 21 GGCAACTAGC TTGTCAAAAA TATTATGTTC TATTTTGCTA GTTTCCATAA AACTTTTTAT CTCAGCCATT CTTTTCTTCA 
CCGTTGATCG Al',CAGTTTTT ATAATACMG AT.l\AAACGAT CAAAGGTATT TTGAAAAATA GAGTCGGTAA GAAAAGAAGT 

-2 A V L K D F N H E KSTEMFSK E A M R K K M· 
-1 

ORF9 

6 8 0 l TTCTCAGAAA AACCAAGAGT TTCAGTGA'I"I' TCTCAAATTC ATTATGATCA ACGCAA'I'ACT GATATGTTCC AAGACCAATA 

1
MGAGTCTTT !J'GGTTCTCA AA,_GTCACTAA AGAGTTTAAG TAATACTAGT TGCGTTATGA CTA~ACAAGG TTCTGG~_!1!, 

-2 · M R L F V L L K L S K E F E N H D V C Y Q Y T G L G I I 

-1 
ORF9 ............. .............. ..,.. ............. ......,., .................... ,.,,., ..................... ....... ,,.,..,._.. ...... _,,., .............................................. .........,,.._, .... ............... ............ 

6 8 81 ATATT'!TCTG TATCTGTTTG ACCAACACAT GCACTAAAAC TAGTTTGATA CCACTGCACA AATAACCTTT CTTGAATAAC 
,!l\TAAAAG.'A,.C ATAGAC'MJ>..C TGGTTGTGTA CG'fGATTTTG ATCAAACTAT GGTGACGTGT TTATTGGAAA GAACTTATTG 

-2 · I N E T D T Q G V C A S F S T Q Y W Q V F L R E Q I V 

-1 
. . . . . • - ORF9 

6 9 61 Cf,ACTCTACT CCGATAAAJ\C TTTGAACAAT TACACTCTAA AATAGAGTGC Ai\MTTTTTC AATTTAATTA CGGTA'fGACA 
,ri !_T,GAGATC-tA GGCTATTTTG AAACTTGTTA ATGTGJ\G.l\TT TTATCTCACG TTTTAAAAAG TTAAATTMT GCCATACTGT 

-2 L 
---i 

-1 
71) 41 ATTTCATGGC TTl\CTCCTTT TATAACTTAA AAATTACGGA MTGATAACA TMTTATGAT TTTTTTATTA CTGATTACAT 

"rAAAGTACCG AATGAGGAAA ATATTGAATT TTTAATGCCT TTAC'tATTGT ATTAATACTA AAAAAATAAT GACTAATGTA .. 7 121 . ATTCGT_A_A-TA __ _ ~-----~-·------~ ..... -.. - ·~-~ 
ATATTTTTTG TAGTTTGGGT ATATTTT1>.CA CGATAAAGCG TCACTAAAGT MTTTTTAAA TATATAMAA 

TAAGCATTAT 1'A'i:'AA11.AAAC ATCAAACCCA TATAAMTGT GCT~TTTCGC AGTGATTTCA TTAAMATTT ATATATTTTT 
ORF11 ................ 

ORF10 ....,........,..__....,......,.._....,.,... • ........,,_......,..,...._..........,..........,_. . ......,.....,......,......, .... ..., .. ""'' ,....,...,.__ ............... ,....r..,.,.........,..... 
7201 MATTTTTTA ATCCTTATCT CCCATACCCl. CGACTATAAT TTCTCTCGTT TTCTATTTTT TGATTGTGTT CTCTAATCTT 

TTT'AAAA,..AT TAwAAT~GA ~GGgTATp§_T __ GSTG}\T"'-TTA AAGAGAGCAA 70g~!~·~.-~S!~~0C~ __ Cl_A,G~!~.1\~~~ 
-3 R G Y G R S Y N R E N E I K Q N H E R I K 

-2 
-1 KK ITNELRE 

ORF11 -~ .... ""...,.._..., ....................................... ..,.......,,.._ .... ....,. ... ~"' ........................................ -------·------
.................... ..._....,.._,,,.._...,.,......, ................... _.., ......... ""'"'.......,. ........ o..,,R...,.F ... 1.,;:.o_,,......,..,..............,.....,. ........ ,......""',.,...............,.._-~ •• ,_ 

7 2 81 TCTATCC11GC TGTATTGTTT TTGTATGMG TTCTCTTGTT TCTTGTTCCA TTCGTTTTGA AMTCGTTC/.\ TCTGCTCTTT 
~/~!)T~G,GTC,G ACATM<;l>f:,A _lf',Cl')TJ\CUC MGAGAACM _ AGMCMGf,T _ -V-,GCAM,ACT __ ,.TTTAGC,fAGT .. l'l91\CG_.AG.AA!l 

-3 R D L Q T KT H LE RTE Q EM R KS FRED A RQ 
-2 

-1 ·EI W y 0 K Q F N E Q K K N W E N Q F D N M Q E K - - ---
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ORF11 
ORF10 

7 3 61 GMAGAAGTC TCTM.TTCGT TCTTTTGTGT CTCTGTAGAT GTTTTTAATT GCATTAATTG CATCTCGTGT TCTTGCATAA 
CTTTCTTCAG AGATTAAGCA AGAJ>Jl.ACACA GAGACATCTA C."A.J\ANi,.TTM CGTMTTAAC mAGAGCACA AGMCGTATT 
L J,,__.Ji .~-A--L--..1-J. a • a__;~ 1 • 1:::;_,.____~~_...____,i _....___. ·"'~~H--1L-.-~ll., .. , ... t ._, .• ~.l. . __ _.._x...,.._, .... JLJ 

-3 ·Q F F D R RE KT ORY N K ANI AORTRAYL 
-2 
-1 F s TE LE N K QT ET s T KL QM La ME HE a MF 

ORF11 
ORF10 

7 4 41 AGGTTGTGTA GGATTGTTCT AGCTCTTGCT TGAGCGTTGT TTCTAAAATC TCTAACTGTG TTTTCAATTC TTTGTATTGA 
JEI:._Jl!f.~T ~EJ~c__~~ TCGAGAACGA ACTCGCMCA MGATTTTAG AGATTGACAC 'Jl.JlA:AGTTAAG l>AACATMCT 

-3 ·l N H L TRARAQANNRF DRVT NEI RO s 
-2 
-1 · F T T Y S Q E L E Q K L T T E L E L Q T K L E K Y O A· 

ORF11 
ORF10 

7 521 GCTTGTGAAG TCTCTTGCTC TTTGATTTGA ACGCTCTGTA ATTCTTGCTG TAAAATCTGT TCGCACATTG TCTGTAAATC 
CGAACACTTC AGAGMCGAG 1.1±._S,T"!:f.E!_.l__f}_S.~~,t_CA,_1' :':t.C?!:f.CG,f:C ":._T.:..!_TA(}!'-CP-: _ _1-f_!:~~:::Z~~--~g__A_cAJTT}G, 

-3 STF ORA RQN S RET R A T F D T R V N D T F R · 

-2 
-1 ·A Q S T E Q E K I Q V S Q L E Q Q L I Q E C M T Q L D 

ORF11 ......,-.,.,.._.....,......,....,,........., .................................. ....,.._....,", ..... __, ........ ........,.......,,,..,,_...,..., ..................................................... ...,,........,....,.........,.,_,,. ....... ~. 
ORF10 

7601 GTTTTTGAGC GTGATTTCTT TCTGTTCTAA GGTTTGTATC ACTTGCTTTA ATTCGGCTCT CTCTGTCGTT TCTAAGGATT 
~~~CACTAAAGAA AGACAAGATT CCf.MCATAG TGMCGAAAT TMGCCGAGA GAGACAGCM AGATTCCTAA 

-3 ·R K Q A H N R E T R L N T D S A K RS ERDNRLIS 
-2 

-1 N K L T EKQE LTQ VQK LEARETTE LSQ 
ORF11 

ORF10 

7 681 GAAATTTCTT TAGTAGCGTG TTGTGTGTTT Gl\AGTAGCGT TTTGTAGCTC TCTTTCMAT TTAAGGTTTC TGTCTCTAAT 
CTT!AAAGM_ A,TC7i~~~1:.._~_./'!:/?.'':~A~- ~~.!~A_TCG~A_ __ Af,ACf'._TC,GAG f':_~'}}T'!f: A~,T_~~E._~G ACAGAGATTA 

-3 · S I E K T A H Q T N S T A N Q L E R E F K L N R D R 

-2 

-1 · Q F K K L L T N H T Q L L T K Y S E K L N L T E T E L K 
ORF11 

............................ ....,,_.,.......,....,...........,_.,...?'4 ................................. '"*'" ... .......,.....,..,.......,.,...~.,._......,,..,.._......,....."""""~1'~.....,.,..lt"f"l"t1rV"'V¥•"11;.....,...~'tf".q 
ORF10 

7 7 61 TTCAAGTAAT CGTTGCTTAA TTTTTGAAAT TCTGCTATAA CTTTCTCTAG CTTGATCAAT AGCTCGTTTC TGTCGTTCTC 
MGTTCATTA GCMCGMTT MAAACTTTA AGACGATATT GMAGAGATC GAJ\CTAGTTA TCGAGCAMG ACAGC'AAGAG 

,J , .J. , l',,.._---l • •"- •-'---.,.. 11...- __ ..t.,. I ___.t . .., ..-N •--•L--.. J.. • .,.It •• - ... , 0 _.J t,~·-• . , .\ . .. ,.~ >---1 

-3 E L L R a K K S RSY s ER A ao ARK Q RER 

-1 · K L Y D N S L K Q F E A L LENRDNE 

_..,,._..,..,..._...,.....,......,......,......,.....,...,,......,.,...,......,..,..-.....,,.....,..,.........,, • ""'h""+ ..., ......... ,...,,,...,, ...,..~,._......,......,.......,. • 

ORF10 

7 8 41 TAAIIC-l'CGCT ATCTTGCTGT TCTTTGCTTG TAGTAAGCTC TCTTTCTCGT TCTGCMGTT CTCTACTTCT TTGATTAAAA 
ATT f,G,~G_CGA .'f N~MCG_Ag._ ___ ~~~AJ:,~~G!:.:f':~ ... f\.f.~A,.~'.~'.S.GJ::G __ }!:.~f'l'-Gf.~9~-- A~ACG_TTSM __ C"f<.GATGAf,GA ]'.AC,T ~ .TTT.~ 

-3 · R F E S O Q a E K S T T L E R E R E A L E R S R Q N F C 
-2 

-1 L S A KS N KA Q LLS EKEN QL NEVE K L V 
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ORF11 ORF12 

ORF10 
7921 

-3 
-2 
-1 ·V N Q L K N L Y E N Q M KKTPMPQY FRQL 

ORF12 

ORF10 

8001 AGATTGGCAT TGTTTAGTTG GTCTATTTCT CGTTTTAACT GAAAGACTTC TTTCTGTGM AGCTCTAATT CCTTGTTCTT 
TCTAACCGTA ACMA'!_CAAC CAGf.:,TAAAGA ,GC'f!A,TTG,A CT.!_TC.!_~G ¥:!!}!._CA._G'!_T :f,CGfGA,_TT7:f\ GqV..Cf'J:G,~ 

-3 S Q C Q K T P R N R T K V S L S R E T F A R I G O E Q 

-2 

-1 · L N A N N L Q D I E R K L Q F V E K Q S L E L E K N K 
ORF12 . 
ORF10 

8 0 81 GTAGGGCAGA ATGATGAGGA AGTATGCCCC TACTAATATT GCCCCCATGA TGACTAATCC CATGATGAAA GTTAGGGGCA 
pArcccGTCT ~~S!AS~~~T TCATACGGGG ATGATTATAA ,cr,G_GGGTAST A~TGA,T~~~ACZT~rcs~~ 

-3 ·O L A S H H P L I G R S I N G G H H S I G H H F N P A N· 

-2 

-1 y p L L F YAGVL A G M V L G M I F T L P M· 
ORF12 

' ORF10 

8161 TTAGTAAGGA TTTCTTGGCT AGGTTCTTGT GGATTTGTTT CTCTAGCTCT TGTAGTTTCG TTTGCATGGT TTTGTTGTGT 
.~T_T.5£!___!:f!-Gf,AC,~GA ,TC<:,AA~AA~.£S'f-AAA,.5!:AA CJ>..GATCGf\GA ACATCAAAa:; MACGT_!.SCA P~l±SI':_Cl.; 

.3 ·N T L E asp E Q p NT ER ART TEN AHN a a T 
-2 

-1 · M L L S K K A L N K H I Q K E L E Q L K T Q M T K N H E 
ORF12 ,_._,....,...._. _ _,,_.....,_._._,,.._.,........,.._,.,._,....._.......,..,....,_..,._,..,__......,_..,.....,._.,........,....,,,_ __ 

ORF10 

8 2 41 TCTTTGTTGG CTGTCTCTAT CTCTAGGTAG CTGTTCTTTA AGCTCTCTTG GGTCTTTTGA AGTAGATTGA TGTAATTTTT 
AGM.ACMCC GACAGAGATA GAGATCCATC GACAAGAAAT TCGAGA~C CCAG'AMACT TCATCTMCT ACATTJl.AMA, 

-3 R Q Q S D R D R P L Q E K L E R P O K S T S Q H L K E 

-2 
-1 · E K N A T E E L Y S N K L S E Q T K O L L N Y N K 

--·--- ••-•••-•••---•·•- ••• -• . ~ ••--•-••· •·· V---•••••• ••- ••-•-•"••••• ------•-----
ORF12 

...... ...,,,_,.,,._.....,.....,.. • .....,._. ........ ,...._.......,......,_,_.~~-.,.,.. .. "ll .. 't""'""" 
ORF10 

8 321 CATAGTI\GCG TTGTTTGTAT TCAATGTGTC TGTGTJI.GCTT GTTTTCAAGC TCTCGCAAAA GTTCTGCGTG ATTGCCTCTA 
gTATCA1'CGC AACJIMCATA AGTTACACAG AC!\CATCGM .r;,MAAGTTCG AGAGCGTTTT CMGACGCAC TMCGGAGA! 

-3 · E Y Y R Q K Y E HRH L KN El ERL LE AHN G RD 

·2 

-1 MT ANN TN LTD TY ST KL SEC F NOT A E I· . . ... . . . .... . ORF12 
...,.__......,.,_,,.,,_.........,,....,..,,,..._........,_.,,_.~ . 

ORFIO 

8401 TCTCTTTGAT TATTTGGGTA TTCTCGTTGG CTCTCTCGCT GTCTAACTTC GCTAAGTTGC TCTCTMTGT CTGCAATAGT 
'f:_9,~Gfi::':.ST~ _P:-,T.'-'~l'~E.~E~'!___!±.G~~-sr~ __ _G~.G:<::.':..f!,;..GA CAGATTGAAG ,CGljT'!S,AA.SG ~~~~.!~.0-

.3 · D R Q N N P Y E R Q S E R Q R V E S L Q E R I D A I T 

·2 
-1 I E K IQ TN EN ARES D L KA L NS EL T Q L LE 
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ORF12 

ORF10 

8 4 81 TCTAAATGTT TCATGGTAGT AAAATCCTTT CAATCGTTTG ACTTTAGGTT CGT1'GGGTAG CTTGACACTG ATATAATCCT 
~GA:!:!._~':E!f. AGT~SCATCA TTTTAGGAM GTTAGC.f.,Al\C TqAN\TCSM GCMCCCATC Gl>ACTGTGAC TATATTA~~ 

-3 R F T E H Y Y F G K L R K V K P E N P L K V S I Y D K 

-2 
-1 ·E L H K M 

ORF10 

8 5 61 TGCCTTGTCT AGTAACTTCA CACTGATTAC TTTTTAAAAA AT'.rGATGATG TCCTCTCGGC TGTTAAATAA C'tTTCCTAAG 
ACGGAACAGA TCATTGN~GT GTGACTMTG AAAAATTTTT TMCTACTAC A~GCCG ACMTTTATT GA.AAGGATTS 

-3 · K G Q R T V E C Q N S K L F N D E R S N F L K G L N · 
-2 

ORF10 

8 641 TTGTCTTGTJ!. TGAGCTTGTC TAGTTTTTCA TAGGTTGCTA AAAGTTCTTT ATTTTGGGGG TTTTTAGTTT GGTGTTGTTG 
f.ACAG'AACAT ACTCGMCAG ATCAAAAAGT ATCCMCGAT TTTCMGAAA TMAACCCCC AAMATCAf>,A CCACMCAAS 

-3 · N O Q I L K D L K E Y T A L L E K N Q P N K T Q H Q a 
-2 

ORF10 
• ' ' 4 

8 7 21 TATGTTGTGC TGTTTTTCTA GGTCTTTGGG GTTTGTAAAA TTGTGTTTTA GGTTGATACA ATCTTTCCAT GTATCAATGC 
~TACAACACG ACAJl.ll.AN;AT CC:AGAAACCC CAAACATTTT AACAC'AJl.AAT CCAACTATGT TAGAAAGGTA CATAGTTACG 

-3 NH Q KE L DK P NT F NH KL NI CD KW TD IR 

-2 
ORF10 

8801 GTTTTAAATC CACTTTGTGA T.AGTAAGGGT TAAACGCTTT TTGTCTCTCT AAGTCAATTT TGGGTATAAC AAAATTTAAC 
SMAATTTAG P!!._S..AAACACT ATCATTCCCA ATTTGCGAAA AACAGAGAGA TTCAGTTAAA ACCCATATTG TTTTMATTG 

-3 ·R K L D V K H Y V P N F A K Q R E L D I K P I V F N L E 

8881 
ORF10 

TCCAMCGCC CCTTGTCTGT GTGl'TCTACC CATAAAAl'GT TGTAGCGATT TTGCATGCTT TCTGTGAGTA GGGCGTTTTC 
[:~E!TTGCGG GGMCAGACA CACMGATGG GTATTTTJ,CA ACATCGCTM MCGTACGM AGACACTCAT CCCGCAAAAG 

-3 · E L R G K D T H E V W L NYRNOMSETL LANE 

-2 
ORF10 

l1961 AAAACTTTCC ATAAGTTCGT ATTTTAAACT CTCATC".MTG TTAGGCTCTT CAAAGGATM GCACCCT/':;CG CATGCCTTGT 
TTTTGAMGG TATTCAAGCA TAAAATTTGA GAGT.11.Gi'TAC AATCCGAGAA GTTTCCTATT _ CGTGGGATGC GTACGGMC~ 

-3 FSEMLEYKLSED N P E E F S L C G V C A K H· 

-2 
ORF10 

9 0 41 GTTTTTGAGC AAGAGAGAGT AAMGGCTTT TAGTTAGATT AGCATCGCCT TTTAAAACTT TGGCTGTGCC TTGTTCTACC 
CMMJ\CTCG_ TTCTCTCTCf _TTTTCCGMA /\TCY.TCTM __ ,TCGTJ\GCC-,GA AAATTTTGAA ACCGACAC~J MCAAGATGG 

-3 · H K Q A L S L L L S K T L N A D G K L V K A T G Q E V R 

-2 
ORF13 

ORF10 ....... ._..~ ............................................................. ,..,,...........,.,_ . .............,.. 
912 J CTTTCATTM GCAAGTAATT MCGCTCCCA TCACCATCAC CGCCCCCTTG ATTAGTCCCC CAAAATTTAA CTAACATACT 

,GAf'-AG.Tl'll\ TT ... C,GTT,CATJ'M .,!TG,CGT>..GGqT AGLTGG~TAG,TG _ q<:Gq_GG<..j\AC ___ ,TA~1'CA~_,qG _ GT_TTT,_AAl'._TT __ C~ATT_GTA,TGA 

-3 · R E N L L Y N V S G D G D G G G Q N T G W F K V ____ ,L __ __ ,M -•-~ 

-2 S V Y K 
-1 

ORF13 

9 2 0 l TAGCTCTTAG TTGTTCTAAT TGATTGCTGA TTTCTJ\TCl\.G TTGTTCTAAG GCTAATCTAT CCCATGCCCC CTTATTAGTG 

A,TC:GAG,1\A TC ,AACAAG/·!~f' __ :n.,s!~.c0~~~T A.A~G/: T_AP!C:: AACAAGAT_TC -- CGATTAGA T ~--~~~!~~-0.1~ - - .G_'Y!:.'F.!:!:}_~,:E 
-2 · K A R L Q E l Q N S E L Q E L A L R D W A G K N T N· 

-1 
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ORF13 
I 

9 2 81 TTG~GATGTt TAGCGATTTG GTTTAAATTG TTTCCCCATT TAGCTAACTC AATAACTAGT TCTTTA.TTAG CAATCGCTTT 
ATCGCTAAAC CAAATTTMC AAAGGGGTAA ATCGATTGAG TTATTGATCA AGAM,,TAAJC . gT~GC~ 

-2 ·N L H K A ONLNNGWKALE IVLEKNA IAK 
-1 

ORF13 

9 3 61 TTGTTTTTTA GATTTTGTTG GAGTTTGTGA TTTTTGl'\GTT AAAAGAGAGT TTAAAACTAA TTGCGMAAG TTTAAATTTT 
AACANiA!J{t CTAAAACMC CTCMACACT ~J,MJ,..CTCAA TTTTCTCTCA AATTTTGATT MCGCTTTTC Al':!!!._T:!_~ 

-2 Q K K S • K T P T Q S K Q T L L S N L V L Q S F N L N K 
-1 

9441 

ORF13 

Hindlll ..,. 
TTTCTTGCAT TTGAGTTTGG ATAGTTTGCC ATTCTGTTTG TGATAATCTA MAATTTTTG TMTCGTTTT TTTTGTMCA 
f:AAGAACGTA MCTCA;.,ACC TATCAAACGG TMGACAAAC ACTATTAGAT TTTTAAAAAC ATTAC£AAAA. AAAACATTGT 

-2 ·KE Q M Q T Q TOW ET Q SLR F KT ITKKTVL 
-1 

ORF13 
Hindlll -9 5 21 AGCTTTTCCA TA.TTTTTTTG GCTATCCCTT AATGATGATT TAGGGGGGTC AAGGGGGGTT TGCCCCACTT GCGAGCTAAA 

,!'?GMAAGGT AT~C CGATAGGGM TTACTACTAA ATCCCCCCAG TTCCCCCCM ACGGC",GTGM CC£TCGATTT 

-2 · L K E M N K Q S D R L S S K P P D L P T Q G V 

-1 
9601 GCGATTTTAT ATCGCTGTCT CTTTGTATTG TATATACAAA AGTATGCTCG CCCTTTATTT TTATTTTAGC ATGGATTGGT 

CGCTAAAATA TAGCGACAGA GAAACATAAC ATATATGTTT TCATACGAGC GGGAAATAAA AATAAAATCG TACCTAACCA 
--- ---·g 68f TAAAGTTTAG ATATAATAGG GTTATCATGA TTGATTGAGT TAAGGAGATA AGATGTTAAA AGATGTAGAA GTAGGGGTTA 

ATTTCAAATC 'rATl\TTATCC CMTAGTACT AACTAACTCA ATTCCTCTAT TCTACAATTT TCTACATCTT CATCCCCAA'l' 
97 61 

984 1 

9921 

10001 

10081 

101.61 

10241 

.10321 

AATTTTATM GGAGCTTGGC AAATTAGAAA AACAATTAGC TAAGTATCAA AGTAAAGTTT TAGAAATTAA AACACAAATG 
TTAAMTATT CCTCGAACCG TTTAATCTTT TTGTTAATCG ATTCATJ\.GTT TCATTTCAM ATCTTTAATT TTGTGTTTAC 

AAAGAGATTA AAAAGCMTA TTCTCAAGCT AAGAAAGAGG AGAAAAAAAC TCACAAATAT GTTCCTAATG ATGAGTTAAA 
TTTC'I'CTAA.T TTTTCGTTAT MGAG'l'TCGA TTCTTTCTCC TCTTTTTTTG AGTGTTTATA CAAGGATTAC TACTCAATT'l' 

ACMGACTTA TTAGATATTG ATGACCCTAA TACCACTGAA AACTTTAAGC CTAAAAATGC TAATGAAATT TGGCAATACG 
TGTTCTGAAT AATCTATAAC TACTGGGATT ATGGTGACTT TTGAAATTCG GATTTTTACG ATTACTTTM ACCGTTATGC 

CTCTTAl\TTC TTAGGAGCTT AAATG1'TAGA l'IATTGAGTTA AAAAAGAMT TCACTAAGGA TTTAAAAAAA CACATTTTAA 
GAGAATTAAG MTCCTCGM TTTJ\CAATCT TTAACTCAAT TTTTTCTTTA AGTGATTCCT MATTTTTTT GTGTAAAATT 

ATCAAAAAl\T TGAGTTAGAA ATTTTTGACT TAGTGATTGA AAATTTAAGA AATCAAATCC CACTAGATGA GMGTTTAAA 
TAGTTTTTTA ACTCAATCTT TAAAAACTGA ATCACTAACT TTTAAATTCT TTAGTTTl\GG GTGATCTACT CTTCMATTT 
GACCACGCTT TAGTTGGAGA ATACAAAGGC TGTAGAGAGT GCCATATTAA GCCTGATGTT TTGCTTGTGT ATAGAATACA 
CTGGTGCGM ATCAACCTCT TATGTTTCCG ACATCTCTCA CGGTATMTT CGGACTACAA AACGAACACA TATCTTATGT 
MACAATGTG CTMCTTTGG TTAGGCTCGG TAGTCATAGT GAGTTGTTTT AGAATAGACA TACTTCAAAA AGG'.t'TGTGAA 
TTTGTTACAC GATTGAAACC AATCCGAGCC ATCMTATCA CTCAACAAM 'rCTTATCTGT ATGAAGTTTT TCCT>.ACACTT ...... ,~,,-............ ~.-~.· .. •··-·•"•~• .. .-,..,.,,.,,..,, __ _,,,,, .. ,, ... .,_., . .._ .... ,. 
GCACCCAACC GCTAAAGCGA TTGGGCTTCC TAGGCTGATG TCCCAGTTCT AAGACTTGTT CTMTTGCCT GTTTGTCAAT 
CGTGGGTTGG CGATTTCGCT AACCCGAAGG ATCCGACTAC AGGGTCJ\AGA TTCTGAl\.CAA GATTAACGGA CMT\CAGTTA 

104 ()1 GAAAMATTA ATIIAAGA'l'TT CAGMAAATA GGCAAGACAG ATGACGAAAG AAAATACCAT TGCAAGCATT GTGGCTTGGT 
CTTTTTTAAT TATTTCTAAA GTCTTTTTAT CCGTTCTGTC TACTGCTTTC TTTTATGGTA ACGTTCGTAA CACCGAACCA 

104 81 Gi\TAGATAGG GATTTGAACG CAGCTATCAA TATTCGTAGG GTAGGGGCAT CTAAACCCTA GGTGT/l.GAAT TTGTAAGACC 
CTATCTATCC CTAAACTTGC GTCGATMTT ATAll.GCATCC CATCCCCGTA GATTTGGGAT CCACATCTTA AAC/l.TTCTGG 

l 05 61 TACTTGTTAG GCAGAATTTG CT'l'GATACCT AAAAGAAGTC 'fCATAGT'l'TT AGCTAG/1..ATC CCCTi\GCTTT AGCTATGGGG 
ATGl\ACAATC CGTCTTMAC GMCTATGGA TTTTCTTCAG AGTATCAAAA TCGATC'tTAG GGGATCGMA TCGATACCCC 

16"6)f l AGTATGTCAA 0icC'iAGAGc··~w•c;·1GAGCCi~-~T-•'w·c;AAiGC-cGiA CACAACGAGC AAGTTGAAGC GTTAGAAAAC AAGCT"CiiAG_, .. ,__,,_ 
TCATACAGTT GTGGTTCTCG CACTCGCTTA CTTTCGGCTT GTGTTGCTCG TTCAACTTCG CAATCTTTTG TTCGAGTTTC 

10 7 2 .l AACAAGACAA ACACAAMCA MATTCAATG CCTTAAGATA CCGACAAGCC CAACAAAGTA GAACAATGAA AACCAAGCAA 
TTGTTCTGTT TGTGTTTTGT TTTAAGTTAC GGMTTCTAT GGCTGTTCGG G'l'TGTTTCAT CTTGTTACTT TTGGTTCGTT 

+3 LK MKEWKEL 
10 8 (J .l. AfX:l\C:'l'. : ·,'1 ,: c:.·;,CACC/>.'AG CCCMCACCC CT•/v::Cl'-.ACl\C 11.'.l'N.'CAAMG GATTTGMrJI. TG'AN\C,MTG GN\l\G/IJ'\CTC 

TGGTGG':G'i'G GG TGTGGTTC GGGTTGTGGG GTTGGTTGTG TATGGTTTTC CTAAACTTTT ACTTTCTTAC CTTTCTTGAG 
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ORF14 
+3 NE SA F SET ELK D KE KL TAD YD IRK EF 

l 0881 AATGAATCGG CATTCAGCGA AACAGAATTG AAAGA.CATCA AGGAAAAATT GACAGCAGAC TATGACATTA GGAAAGAATT 
TT1..CTTAGCC GTAAGTCGCT TTGTCTTAAC TTTCTGT1.GT TCCTTTTTM CTGTCGTCTG ATACTGTAAT CCTTTCTTAA 

ORF14 

+3 · F E G N S G K E L G L S K L K E D K N L K K L D S L C · 

10 9 61 TGAAGGCAAT AGCGGAAAAG AATTAGGTCT TTCAAAACTC AAAGAAATAG ACAAAAATCT CAAAAAACTA GACTCACTCT 
ACTTCCGTTA TCGCCTTTTC TTAATCCAGA AAGTTTTGAG TTTCTTTATC TGTTTTTAGA GTTTTTTGAT CTGAGTGAGA 

ORF14 

+3 · C A M C K N C S S V K T F T N Q P D L F E K a 
11041 GCGCGATGTG CAAGAA.CTGC TCCATTTCAA TAGTGAAAAC ATTCACCAAC CAACCTATCA TCGATCTATT TGAAAAGCAA 

CG<::GCTACAC GTTCTTGACG AGGTAAAGTT ATCACTTTTG TAA.GTGGTTG GTTGGATAGT AGC'I'AGATAA ACTTTTCGTT 
ORF14 

Hindlll -+3 E A L T Y CNS Y GS P V ND P Q EL RFC TD FV 

11121 GAAGCTTTGA CTATCTATTG CAATTCCTAT GGAAGTCCCG TGAA'rGA'J:CC GCAAGAACTG AGATTTTGCA CTGATTTTGT 
CTTCGAAACT GATAGATAAC GTTMGGATA CCTTCAGGGC ACTTACTAGG CGTTCTTGAC TCTAAAACGT GACTAAMCA 

ORF14 
I bl ' 1;t H · Jr flifl•if•J:+ 

+3 · V E M E N Y K O R F F N G T F K F K R K T N E N P F 

112 0 1 TGAAATGGM AACTACMGG ATCGTTTTTT CAATGGMCT TTCAAATTCA MAGAAAAAC TMCGAN,.AT CCCTTTTAGT 
ACTTTACCTT TTGll.TGTTCC TAGCMAAAA GTTACCTTGA MGTTTAAGT TTTCTTTTTG ATTGCTTTTA GGGAAAATCA 

112 81 CATTGAGTCT TTTTGAAAGC GTATTTTTGA TTTTGAACGT TTT'l'TTGTTT TTAGGCAGAT AGTTAGTCGG TTTTTTGCTT 
GTAACTCAGA AAAACTTTCG CATAAAAACT AAAACTTGCA MAAAACAAA AATCCGTCTA TCAATCAGCC AAAAAACGAA 

11361 TTCGTTGGTT GTAGGCGATT TTAGGTAGCA AAAAACAGCT AAAAAATCCA AACAACCTGA TTGACTTCAA AAAAAACTT'l' 
AAGCAACCAA CATCCGCTAA AATCCATCGT TTTTTGTCGA TTTTTTAGGT TTGTTGGACT AACTGAAGTT TTTTTTGAAA 

ORF15 

1 J 4 41 AGTTCCG'l'TA CTACAAACCT ATAAMTCCT ATAAAGAGCT ATAAJ\A'rTCT CTCAATTTGG GATTTTTGTC GTATTCCTAG 
TCAAGGCAAT GATGTTTGGA TA'l'Tl'TAGGA 'fA'l'1'TC'.tCGA T~.:£!.'E!.~C'~--~~s..c CTAAAAACAG __ C,ATAf"GGfyrc_ 

-2 L R E QSKQR IGL 

-1 

115 21 TTCAACCTTG CTGGTTGCCA AACGATTATT GGATAAGTCA TTCAACAGAG CCGTCAAGTC CATAGGCGTA AATTCGGCAG 
MGTTGGMC .. GACCl'J\CGGT __ TTGCTM~ _.CCTAT1'CAGT .. M_ErTGTC,TC _ C-,GCAG!!,Ci'\G GTJ\TCCGCAT TTAAGCCGTC 

-2 E V K S T A L R N N S L D N L L A T L O M P T F E A T · 

·1 

J.16 01 TAACTCTACC TACTAAATGC TTTAMAGAT TGATI\GCAGC GTTTATATCT CTATCTAATT CAAAGCCACA CTCTAGGCAT 
[1TTGAGATGG ATGATTTACG MATTTTCTJ\ l\CTATCGTCG CAAAT'ATAGA GATAGATTAA GTTTCGGTGT GAGATCCGTA 

-2 · T V R G V L H K L L N A A N DR D LE F G CE L ca 
_, 

ORF15 

1 1 68 1 TGATMATCC 'l'ATCTTTAAG TTTTMATCT TGTTTAACTT TTTGACAATT AGAGCAAGTC TTAGAGCTTG GATAGTAAGT 
ACTATTTAGG ATAGAAATTC AAMTTTAGA ACJ\J.ATTGM M~CTGTTAA TCTCGTTCAG MTCTCGJ\AC CTATCATTC~ 

-2 ·O Y RDK LKLOQKVKQCNSCTKSSPYYT 

-1 
ORF15 .,_.,_,......,..,..,...... ................. ---..................... .._..........,,..._.......,....,......,......, ........ ......, ........................ _, .................... -......., ................ _....,_.,......, ...... 

l 1 7 61 GTTAGCTCTT AGAATTTCTT TAT1"TGTTTG CTGACAAGCA AACACCAACA AGCGAAGCGT TAGCGAGCAT GGACAAAAGC 

~::A.~,t~:c;~~Af, !C:.'.1:'F~:~~~~---·!:.!IY±<::.T-J1,_A_C. .. .G~o/~!.!C.q~· ... T1,?.!~1'.T~P!._TE:'S!!.S~l::.J\~-~.~!E~'!.~ .. c__sr.~".?'E£!E9 
•/. 

-1 

N A R L 

ORF1t 

E K N T Q Q C A · F V L L R L T L S C P C F R 

L J fl 4 1. GCATCGCAGT TTGAMGCGT AGGCGTTll.GC CGTAGCTGGT TTGCGTTAGC AAATCAMCA AGATAGCGCA AACCTGGCGT 
~:~T:!Y"£GTCA MCi"l"TCr..CA rcx:r.CMTCG GCl\TCGACCA J\i\CGCM.TCG TTTAGTTTGT TCTJ\TCGCGT TTC,Gi\CCGCA 

-2 ·RM 
---l 

-1 
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119 21 TAGCCCAAAA AACCCCTAAA ACTAAAATTC CAAAATA'l'GT AGCGCGTCAT GCGCGTTGTT Tl'TATTACAT GTTTTAACAA 
ATCGGGTTTT TTGGGGATTT TGATTTTAAG GTTTTATACA TCGCGCAGTA CGCGCAACAA AAATAATGTA CAAAATTGTT 

12001 CCATGTTGTT TTTACATGTT TTTACCATGC GCGCGCATGC GAGGGATTTG GGGTTAGAAC CCCCTAAATA CCGAAGCTGT 
GGTACAACAA AAATGTACAA AAATGGTACG CGCGCGTACG CTCCCTAAAC CCCAATCTTG GGGGATTTAT GGCTTCGACA 

12 0 81 AGAGTTTCTC ATTl'TTGGGT GAAAATGAAA GAATGGGAAC 
TCTCAAAGAG TAAAAACCCA CTTTTACTTT CTTACCCTTG 

Figure 5. Nucleotide sequence ofpAL202. 
lterons are indicated in blue (1-88 bp); restriction digestion sites are indicated by 
short wavy lines with the name of the restriction digestion enzyme above the lines; 
putative open reading frames (ORF) are shown as blue arrows in the direction of 
translation; the amino acid sequences are shown below the ORFs. 
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HimIII (9521) 
\ 

ORF12 

ORF10 

ORF11 

ORF15 lterons (1-88) 

pAL202 
12120 bp 

XbaI (6114) 

EcoRI (5084) 

ORF8 

XbaI (5542) 

Figure 6. A graphic representation of pAL202. 

ORF4 

HinlIII (2659) 

Arrowheads represent putative open reading frames and the direction of 
translation. Location of iterons and restriction digestion sites are indicated. 
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ORF1/RepA 

23 
58 

36 \ 

ORF3 
OR 

ORF6 

pAL202 
12120 hp 

ORF2 
ORF7 

Figure 7. Single insert recombinants of pAL202. 

ORF14 
ORF12 ORF1D ORF13 

The insertion sites of the transposon in pAL202 are indicated. 
The recombinants are: 2, pAL202::TN/KAN2 (bp 10161); 4, pAL202::TN/KAN4 (bp 9135); 

12 

ORF15 

5, pAL202::TN/KAN5 (bp 9288); 6, pAL202::TN/KAN6 (bp 7435); 12, pAL202::TN/KAN12 (bp 
11049); 19, pAL202::TN/KAN19 (bp 6069); 21, pAL202::TN/KAN21 (bp 4370); 
23, pAL202::TN/KAN23 (bp 3421); 25, pAL202::TN/KAN25 (bp 414); 26,pAL202::TN/KAN26 
(bp 9016); 28, pAL202::TN/KAN28 (bp 9690); 29, pAL202::TN/KAN29 (bp 10189); 
36, pAL202::TN/KAN36 (bp 2716); 38, pAL202::TN/KAN38 (bp 3860); 40, pAL202::TN/KAN40 
(bp 11863); 46, pAL202::TN/KAN46 (bp 11863); 47, pAL202::TN/KAN47 (bp 3858); 54, 
pAL202::TN/KAN54 (bp 6287); 58, pAL202::TN/KAN58 (bp 3140); 
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Table 3. Percent GC of H. pylori plasmid 
and chromosomal DNA 

pAL202 34.3 
pHPM8 33.4 
pHPM179a 35.5 
pHPM179b 36.2 
pHPM180 37.0 
pHPM185 33.1 
pHPM186 35.9 
pHel1 36.1 
pHel4 34.3 
pHel5 34.4 
pHPS1 37.3 
pHPO100 36.2 
pHP51 35.3 
pHP489 33.3 
pKU701 38.3 
pHPK255 36.8 
26695* 38.9 
J99* 39.2 

•chromosomal DNA 
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Table 4. Putative promoter sequences and ribosome binding sites (RBS) 
of pAL202's ORFs 

1 509 1527 421-1947 TTGTTT TATAAG AGGAGT 
(344-349) (365-370) 410-415 

2 235 705 3879-4583 CTGTCA AAAAAT AGGAAA 
(3816-3821) (3840-3845) (3868-3873) 

3 123 369 2219-2587 TTGTTA AATAAT AGGGGA 
(2648-2653) (2619-2624) (2594-2599) 

4 166 498 2223-2720 TAAAAT TAGAGA AGGAGT 
(2181-2186) (2157-2162) (2210-2215) 

5 110 330 2723-3052 GTGAGA TAAGAT AAGAGC 
(2638-2634) (2663-2668) (2712-2717) 

6 257 771 3059-3829 TATAAG CTTATT TGGAGT 
10732-10737 10691-10696 (3048-3053) 

7 105 315 3822-4136 TTGAAA AACAAT CAAAGG 
(4214-4219) (4189-4194) (4140-4145) 

8 387 1161 4715-5875 TTGCCA TATAAA TAGAGT 
(5935-5940) (5917-5922) (5884-5889) 

9 358 1074 5890-6963 TTGAAA TAGAGT CGGAGT 
(7017-7022) (6994-6999) (6968-6973) 

10 660 1980 7218-9197 AAGAGC 
(9203-9208) 

11 233 699 7256-7954 TTAAAA AACAAT AGGAGA 
(8033-8038) (8009-8014) (7959-7964) 

12 176 7967-8494 TAGACA TATCAG AGGATT 
(8566-8571) (8548-8571) (8503-8508) 

13 133 399 9190-9588 TTAACC AAATAA AGCTCG 
(9678-9683) (9655-9660) (9592-9597) 

14 141 423 10854-11276 CCGACA AACAAT AAAAGG 
(10761-10766) (10782-10787) (10846-10851) 

15 121 121 11482-11844 
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from a European isolate. An alignment between the two plasmids with the AlignX from 

Vector NTI Suite 8.0 revealed 83.4% identities between the DNA sequences of the 

plasmids. The average percent GC of both pAL202 and pHel4 was 34%. The plasmids 

both had 15 ORFs with 14 positioned and arranged identically. All pAL202 ORFs except 

ORF14 and ORF15 had sequence and amino acid identity to pHel4. The average identity 

between the 13 ORFs ofpAL202 and pHel4 was 79.5%. The open reading frames in 

these two plasmids were nearly identically positioned and oriented (Fig 8). The only 

exceptions were ORF4H in pHel4 on the positive strand, and ORF15 in pAL202 on the 

negative strand. The greatest difference between these two plasmids in pAL202 was a 

2.8 kbp fragment between ORF13 and the beginning ofORFl/RepA, and a 1.7 kbp 

fragment in pHel4 positioned between the last part of ORF4G and the beginning of 

ORF41/RepA. 

The search for repeated sequences led to a four times 22 bp tandem repeat, RI, 

which shows great identity to the iterons of other H. pylori plasmids (22, 30, 37, 39, 59, 

70, 79). The iterons, nucleotides 1-88, were located upstream of orfl lrepA and are 

indicated in Fig. 5 and 6. In pAL202, 71 % identity (bp 11275-11507) to one copy of R2, 

the 232 bp repeat first observed in pHPM180 (59), was found between ORF14 and 

ORF15. In additio~ some of this region (about 300 bp) displayed identity to the right 

end of orjB a transposase gene of H. pylori insertion sequence, ISHp608. Short stretches 

of about 28 bp between orfl/repA and or/3 also showed identity to this same transposase 

gene. A copy (bp 845-881) of the 36 bp sequence that separates the two R2 repeats in 

pHPM180 was found in the repA gene. One copy (bp 6516-6548) ofR3, the 33 bp repeat 
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a. 

ORF10 ORF14 ORF15 

ORF11 ORF12 • ORF13 ORF4 

b. 

Olf4A orf48 orf4C orf4F orf4H Ort41 orUKOlf4L orf4M OIHO 
orUG 

¢$ y 
1kb orf4D Olf4E orf4J otf4N 

D. Hofreuter and R. Haas. 2002. J. Bacteriol. 184: 2755-2766. 

Figure 8. Comparison of pAL202 and pHel4 ORFs position and orientation. 
a, pAL202 (in pHel4 orientation); b, pHel4. The ORFs in pAL202 and pHel4 are 
identically positioned and oriented except for ORF14 in pAL202 and ORF4H in pHel4. 
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that makes up the iterons upstream ofrepB in pHPOlO0 (unpublished) and pHPSl (22), 

was present with 64% identity in orf9. A complete copy of a 36 bp repeat, R4, first 

observed in pHel4 and pHel5 (39), also was located in pAL202. In pAL202 a complete 

single copy (bp 1994-2029) was present at the 3 'end of the orfl /rep A gene and another 

copy (bp 3834-3869) with 83% match at the 3' end of orj7, between orf2 and orf6. The 

locations of the repeats in pHel4 corresponded to the locations in pAL202. The locations 

of the repeated sequences in pAL202 are shown in Figure 9. 

ORFI, encoded by nucleotides 421-1947, showed strong identity to the 

replication protein, RepA, of H pylori plasmids pHel4 (82%), pHell (82%), pHPMl 80 

(79%), pHel5 (74%), pHPM8 (72%), pHPM185 (69%), and pHPM179 (65%). There was 

also some identity to the replication ORFs of plasmids from unrelated species such as 

Enterococcusfaeca/is (34%), and Lactobaci/lus acidophilus (33%). Identity was 

detected to the RepB proteins of plasmids from Campylobacter jejuni (33%), 

Pediococcus acidilactici (29%), and Bifidobacterium longum (28%). During the BLAST 

search the NCBI Conserved Domain Search indicated a conserved domain for ORFl 

which is indicative of an initiator of plasmid replication, RepA, and RepB, which 

possesses nick-closing (topoisomerase I) like activity and the ability to perform a strand 

transfer reaction on ssDNA (1, 20, 60, 77). ORFl was further analyzed using several 

software programs for protein analysis available on the Internet through the ExP ASy 

Proteomics tools (http://us.expasy.org/). PSORT (http://www.psort.org/) and SOSUI 

(http://www.sbc.su.se/~erikw/toppred2/) analysis indicated that ORFl is a soluble 

cytoplasmic protein. With an instability index of 30. 70, ProtParam 
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pHPM180-36 bp R4 

lterons/R1 / 

pAL202 
12120 hp 

R3 R2 

• ORF5 ORF7 ORF2 ORF11 ORF10 ORF13 
ORF12 ORF14 

Figure 9. The locations of H. pylori plasmid repeated sequences in pAL202. 
RI, 22 bp tandem repeat called iterons; R2, 71% identity to the 232 bp repeat of 
pHPM180; 68% identity to the 36 bp separating the 232 bp repeat ofpHPM180; R3, 
64% identity to a 33 bp repeat ofpHPSI; R4, first described in pHel4, a complete copy 
was present at the 3 'end of the orfllrepA gene, and a copy with 83% identity between 
ofl and or/6. 
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(http:/ /us.expasy.org/tools/protparam.html) classified this ORF as stable. ProtParam 

predicts that proteins with instability indices above 40 might be unstable. The Vector 

NTI program analyzed the ORFs of pAL202 and the results are shown in Table 5. 

According to the NCBI Conserved Domain Search 

(http://www.ncbi.nlm.nih.gov/Structure/cdd/cdd.shtml), ORF2, nucleotides 3879-4583, 

possessed a central conserved motifHPFXXGNG present in most members of the family 

ofFic (filamentation induced by cAMP) proteins (46, 83). ORF2 ofpAL202 showed 

great identity to other H. pylori plasmid ORF2 proteins: pHPM180 (98%); pHel4 (96%); 

pMCU2 (97%); pHP51 (87%); pHPSl (74%); pHPM186 (75%); pHPM8 (72%); and 

pHPM185 (72%). Thirty percent identity was observed to H. pylori chromosomal open 

reading frame jhp0651 (function unknown) of J99. PSORT and SOSUI designated ORF2 

as a soluble cytoplasmic protein and ProtParam recorded an instability index of 30. 70 

indicating that ORF2 is stable. 

ORF3, nucleotides 2219-2587, showed 59% identity to the open reading frame 

ORF4J of pHel4. This is the only ORF to which ORF3 showed identity. According to 

PSORT, ORF3 is an inner membrane protein with at least 3 transmembrane domains. 

TMHMM (http://www.cbs.dtu.dk/services/TMHMM-2.0/) assigned three transmembrane 

domains to the ORF, and TopPred (http://www.sbc.su.se/ ...... erikw/toppred2/) assigned 

four. SOSUI, however, described the protein as soluble. ProtParam calculated an 

instability index of 26.10, and therefore classified ORF3 as stable. The function of this 

protein is unknown. 
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ORF1 509 59934 16.685 9.22 15.99 
ORF2 235 27489 36.378 6.34 -2.45 
ORF3 123 13634 73.344 8.94 3.87 
ORF4 166 20020 49.951 9.12 5.97 
ORF5 110 13353 74.888 9.33 5.04 
ORF6 257 29728 33.638 5.89 -5.42 

ORF7 105 12305 81.268 8.28 0.94 
ORF8 387 43844 22.808 9.02 9.20 
ORF9 385 40982 24.401 6.27 -1.89 

ORF10 660 78414 12.753 9.69 30.85 

ORF11 233 27945 35.784 5.08 -9.00 
ORF12 176 20478 48.834 8.83 3.04 
ORF13 133 15270 65.488 10.00 9.86 
ORF14 141 16538 60.467 5.72 -1.26 
ORF15 121 13867 72.111 9.07 5.79 

1-Molecular Weight; 2-lsoelectric Point. 
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As with ORF3, ORF4 (nucleotides 2223-2720) had identity only to pHel4 open 

reading frame, ORF4K (59%). PSORT and SOSUI classified the protein as cytoplasmic 

and soluble. ProtParam computed an instability index of 61.69 for ORF4 and qualifies 

the protein as unstable. 

The segment ofpAL202 consisting ofORF3, ORF4, and ORF5 has only been 

observed in one other H. pylori plasmid, pHel4. ORF5, nucleotides 2723-3052, showed 

65% identity to ORF4L from pHel4. PSORT described this ORF as an inner membrane 

protein; SOSUI, TMHMM, and TopPred all assigned one transmembrane domain to it. 

ProtParam computed an instability index of 57.03 and therefore classified the protein as 

unstable. 

As with ORF2, the conserved domain of the Fie protein family (46, 83) was 

observed also for ORF6 (nucleotides 3059-3829). This protein had identity to ORF4M of 

pHel4 (89%), ORF5K ofpHel5 (88%), ORF6 ofpHMP8 (87%), and to ORF2 of the 

pMCU plasmids (26-27% ), number one, two, and five. ORF6 also exhibited identity to 

H pylori's chromosomal proteins HP0712 (47%) and HP0713 (42%) of 26695, and 

JHP0651 of J99 (38%). ORF6 is a cytoplasmic and soluble protein according to PSORT 

and SOSUI, and according to ProtParam is stable (instability index is 35.38). 

ORF7, nucleotides 3822-4136, showed 88% identity to ORF4N ofpHel4, and low 

percentage identity to proteins of unrelated species such as Staphylococcus phage 

phiN315 (34%), and Staphylococcus aureus (32%). PSORT described ORF7 as an inner 

membrane protein. SOSUI and TopPred assigned one transmembrane domain to the 

protein. However, two such domains were identified by TMHMM. ProtParam 
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calculated an instability index of24.65 and classified the protein as stable. The function 

of this protein is unknown. 

ORF8, nucleotides 4715-5875, showed strong identity to the MccC-like proteins, 

ORF4A, ofpHel4 (85%) and ORF3 ofpHPM8 (82%). MccC is a microcin exporter 

protein and is encoded in the mccABCD operon that is part of the mccABCDEF region of 

the E. coli plasmid, pMccC7 (32, 34). The mccABCDEF region is involved in the 

synthesis, modification, secretion, and immunity of microcin C7, MccC7, a peptide 

antibiotic that inhibits protein synthesis (32, 34). ORF8 also showed 45% identity to both 

the tetracycline resistance protein, tetA(P), of H pylori 26695, and the tetracycline 

resistance protein homo log of J99. AL202 exhibited no growth in media supplemented 

with 2 µg/ml tetracycline and thus could not be qualified as tetracycline resistant. Low 

identity was shown also to the multi-efflux transporter of Borrelia burgdorferi (27% ), 

tetA(P) of C/ostridium septicum (24% ), and other transmembrane transport proteins of 

non-related species. Both TMHMM and SOSUI assigned ten transmembrane regions to 

ORF8; TopPred assigned only nine. PSORT indicated that the protein is located in the 

inner membrane. ProtParam calculated an instability index of 34.38 and classified the 

protein as stable. 

The NCBI Conserved Domain Search detected a conserved domain in the central 

region ofORF9, bp 5890-6963, which is shared by different protein families. The first 

one is the ThiF protein family that contains a repeated domain in ubiquitin-activating 

enzyme E 1 and members of the bacterial ThiF /MoeB/HesA family. The second family is 

the ThiF dinucleotide-utilizing enzymes involved in the metabolism of the coeniymes 
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molybdopterin and thiamine. ORF9 showed identity to the HesA/MoeBffhiF family 

protein of Streptococcus pneumonia (24%) and Enterococcus faecalis ( 43% ), ubiquitin-

activating enzyme E 1 in Schizosaccharomyces pombe ( 41 % ) and in Homo sapiens (2 7% ). 

HesA is essential for nitrogen fixation inAnabaena species, MoeB is involved in the 

biosynthesis of the organic component of molybdenum-containing prosthetic factors, and 

ThiF is involved in the synthesis of a precursor of thiamine (32). ORF9 shared identity 

with the MccB-like ORF4B ofpHel4 (92%), ORF4 ofpHPM8 (87%), and MccB of E. 

coli (32%). Like MccC, MccB is encoded by the mccABCD operon on pMccC7 and acts 

as a peptide modifier (34). The Gly-X-Gly_X_X-Gly motif, a nucleotide-binding 

domain, present in MccB (34) was detected in ORF4 ofpHPM8 (71), but not in the 

MccB-like ORF4B ofpHel4, or in ORF9 ofpAL202. However, the C-X2-C-Xn-C-X2-C, 

a metal-binding domain found in MccB, ThiF, MoeB, and HesA proteins was present in 

ORF9. PSORT classified the protein as an inner membrane protein, however, SOSUI 

found it to be soluble. Both TMHMM and TopPred detected transmembrane regions, 

· although in different numbers. TMHMM detected one transmembrane domain, but 

TopPred detected two. ProtParam assigned an instability index of36.62 for ORF9 and 

determined that the protein is stable. 

NCBI Conserved Domain Search identified a relaxase (14), relaxase/mobilisation 

nuclease domain (12, 58) in the first half ofORFlO, nucleotides 7218-9197. The 

relaxase/mo bilisation proteins are required for horizontal gene transfer during bacterial 

conjugation. Relaxases are involved in nicking duplex DNA. The conserved domain 

among the DNA-relaxases, H-X-D-X-D-N/H-X-H-H-a-a-a-N, described by Pansegrau 
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and Landka (65) was observed in ORFI0. The protein showed the greatest identity 

(80%) to the MobA-like ORF4C ofpHel4 and lower identity to mobilization proteins of 

plasmids from Pasteurella multocida (35%), Aeromonas salmonicida (34%), and the 

mobilization protein, MbeA, of E. coli plasmid ColEl (32%). The mobABC genes 

encode proteins necessary for mobilization ( 48, 58). MobA and MobC are involved in 

cleavage and separation of double-stranded DNA. MobB has a stimulatory role in the 

process. A nic sequence (origin of transfer) is usually present upstream of mobA. In the 

case ofpAL202, no nic sequence was observed upstream of orflO. A potential nic 

sequence (TATCCTG; hp 3379-3385) conserved among the IncP plasmids such as RP4 

(39, 48, 65) was observed in orf6 and could be a site for transfer initiation. PSORT and 

SOSUI indicated that ORFI O is cytoplasmic and soluble. ProtParam calculated an 

instability index of 41.09 and classified ORFI Oas unstable. 

ORFl l, nucleotides 7256-7954, showed 79% identity to the MobD-like ORF4D 

of pHel4 and 56% to ORF3 of pHPMl 79. No identity to other R pylori DNA was 

further observed. Four leucine zipper motifs, L-X(6)-L-X(6)-L-X(6)-L, were detected in 

ORFl I by the motif finder program 3DinSight 

(http://www.rtc.riken.go.jp/jouhou/HOMOLOGY/dbsearch/pdb/pdb_seq.html). Only 

two such motifs were detected in ORF4D. Hofreuter and Haas (39) reported that this 

motif also is present in the MobD proteins of the colicinogenic plasmids. The NCBI 

Conserved Domain Search revealed a conserved domain present in serine/threonine 

protein kinase (signal transduction mechanism). ORFl I is cytoplasmic, soluble, and 

stable (instability index 39.89). 
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ORF12, nucleotides 7967-8494, showed 75% identity to the MobB-like ORF4E 

of pHel4, 29% to ORF18 (cag island protein) of J99 and Cagl 1 of 26695, 28% to Cag-U 

of H pylori strain CCUG 17874. TMHMM, SOSUI, and TopPred all identified this 

protein as a membrane protein containing one transmembrane domain. The ProtParam 

Tool program calculated an instability index of 46.01 for the protein and classified it as 

unstable. 

The only identity ofORF13 to other H pylori proteins was 84% identity to the 

MobA-like ORF4C of pHel4, and 56% identity to ORF2 of pHPMl 79. Forty-four 

percent identity was found to MobC of pSW200, 42% to MobC of plasmid ColK of E. 

coli, and 40% to MbeC of Enterobacter cloacae. NCBI Conserved Domain Search 

program also observed the MobC, bacterial mobilization protein domain within the last 

third ofORF13. ORF13 consists of 133 amino acids, but the conserved domain aligned 

only with amino acid residues 84-129. The protein is cytoplasmic and soluble according 

to PSORT and SOSUI. ProtParam showed a score of29.47 and classified the protein as 

stable. 

ORF 14, nucleotides 10854-1127 6, showed no identity to known H pylori 

proteins. Low identity (34%) was present to unrelated species such as Anopheles 

gambiae. This protein is cytoplasmic and soluble according to PSORT and SOSUI, and 

stable according to ProtParam (instability index, 23.84). 

The conserved domain observed for ORF15 (nucleotides 11482-11844) is a 

putative transposase DNA-binding domain. According to the NCBI Conserved Domain 

Search, this domain is found at the C-terminus of transposase proteins and contains four 
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conserved cysteines that might be part ofa zin~-binding domain. ORF15 showed 91 % 

identity to OrfB of H pylori 1S607 and 42% to ISHp608. The identity to these insertion 

sequences was only observed at the right end (C-terminus) ofOrffi. The alignment 

between ORFl 5 and Orm of1S607 was as follows: 103 amino acid residues (316-419) of 

Orm (total are 419 amino acids), and 103 amino acid residues (12-115) of ORF15 (total 

are 121 amino acids) showed 97% identity. Identity was further observed to other 

transposases of unrelated species such as Clostridium perfringens. ORF15 was classified 

as cytoplasmic, soluble, and stable with a instability index score of33.74. Table 6 shows 

the identities between the ORFs ofpAL202 and other known ORFs. 

Mobilization of pAL202 

In the first step of mating, the average numbers of CFU obtained for the 

transconjugants were 5.8xl07 for pir+(pAL202::TNIKAN21; pRK24) and 9.lxl08 for 

pir\pAL202::TN/KAN25; pRK24). This indicated a successful transfer ofpRK24 to the 

pir + cells. The second and third steps resulted only in the transfer of pRK24 to the 

IR3272 as the average CPUs obtained from M9-Tet plates were 3.8x103 for pir+ 

(pAL202::TN/KAN21; pRK24) x IR3272 and l.9xl04 for pir+ (pAL202::TN/KAN25; 

pRK24) x IR3272. No transconjugants were recovered on M9-Kan plates indicating that 

the pAL202 recombinant plasmid was not mobilized. 

Test for Distribution of pAL202 Genes in other Alaskan Plasmids 

PCR primers (Table 2) derived from the DNA sequence ofpAL202 were used in 

a comparison study to test for the distribution of DNA sequences present in pAL202 in 

six other H pylori Alaskan plasmids, pAL203, pAL207, pAL208, pAL209, pAL226, and 
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Table 6. Putative ORFs of pAL202 and identities to known se uences 

1 pHel4 (RepA) 82 Plasmid replication 
pH el 1 (RepA) 82 
pHPM180 (RepA) 79 
pHel5 (RepA) 74 
pHPS1 (RepA) 74 
pHPM8 (RepA) 72 
pMCU3 (RepA) 94 
pMCU2 (RepA) 93 
pMCU4 (RepA) 93 
pHPM186 (RepA) 75 
pMCU5 (RepA) 71 
pMCU7 (RepA) 71 
pMCU1 (RepA) 71 
pHPM185(RepA) 69 
pHPM179(RepA) 65 
pMCU6 (RepA) 65 

2 pHPM180 (ORF2) 98 cAM P induced filamentation 
pHel4 (ORF4O) 96 
pMCU2 (ORF2) 97 
pHP51(ORF2) 87 
pHPO100 (ORF2) 87 
pHPM8 (ORF2) 89 
pMCU1 (ORF2) 98 
pMCU5 (ORF2) 99 
pHPS1 (ORF2) 81 
pHPM185(ORF2) 72 
J99 (JHP0651) 30 

3 pHel4 (ORF4J) 59 Unknown 
4 pHel4 (ORF4K) 59 Unknown 
5 pHel4 (ORF4L) 65 Unknown 
6 pHel4 (ORF4M) 89 cAM P induced filamentation 

pHel5 (ORF5K) 88 
pHPM8 (ORF6) 87 
J99 (JHP0651) 38 
26695 (HP0712) 47 
pHPM180 (ORF2) 26 
pMCU1 (ORF2) 26 
pMCU2 (ORF2) 27 
pHP51(ORF2) 27 
pHel4 (ORF4O) 26 
pMCU5 (ORF2) 26 
pHPO100 (ORF2) 25 
26695 (HP0713) 42 
pHPM8 (ORF2) 26 
pMCU4 (ORF2) 28 
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Table 6 continues: 

7 pHel4 (ORF4N) 88 
8 pHel4 (ORF4A/MccC-like) 85 Transporter 

pHPM8 (ORF3) 82 
26695 (HP1165/tetA(P) homolog) 45 
J99 (JHP1092/tetA(P) homolog) 45 
Borrelia burgdorferi 27 
Clostridium septicum (TetA(P) 24 

9 pHel4 (ORF48/Mcc8-like) 92 
pHPM8 (ORF4) 87 
E. coli (MccB) 27 

10 pHel4 (ORF4C/MobA-like) 80 Mobilization/Relaxases 
Pasteurella multocida (MbeAy) 35 
Aeromonas salmonicida 34 
E. coli (MobA) 32 

11 pHel4 (ORF4O/MobD-like) 79 Mobilization 
pHPM179 (ORF3) 56 

12 pHel4 (ORF4E/Mob8-like) 75 Mobilization 
J99 (ORF18/cag island protein) 29 
26695 (Cag 11) 29 

13 pHel4 (ORF4F/MobC-like) 84 Mobilization 
pHPM179 (ORF2) 68 

14 Anopheles gambiae 34 Unknown 
15 1S607 (ORFB) 91 Transposition 

Clostridium perfringens 57 
ISHp608 (ORFB) 42 
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pAL236. This study was performed to determine whether the genes on the Alaskan 

plasmids are geographically conserved, i.e., were they present on more than one strain. 

The results of the PCR studies are shown in Table 7a. Results from the hybridization 

studies performed to confirm the PCR findings are shown Table 7b. The results of the 

PCR studies and the hybridiz.ation studies did not agree. The conflicting results indicated 

that plasmid DNA isolated for the use of the PCR studies might have been contaminated 

with chromosomal DNA. Genes that amplified with the PCR studies and did not 

hybridize indicated that those amplified genes might have been present on the small 

amount of chromosome present in the plasmid preparations. The results of the second 

PCR studies using exonuclease-treated DNA are tabulated in Table 7c. Table 8 shows 

the collective conclusions of the studies. 

The results shown in Table 8 indicated that none of the tested regions were 

present in pAL209 or in any of the pAL236 plasmids. Region IV, the Mob-region, was 

the only segment present in pAL226. None of the tested regions were present in the two 

pAL208 plasmids; however, all the regions were present when total plasmid DNA of 

pAL208 was tested. Since AL208 contained at least two plasmids, these results indicated 

that region I-IV were not present in the two pAL208 plasmids tested, but probably were 

present in an additional pAL208 plasmid that was not isolated. All the regions were 

detected on pAL207, and region I-III on pAL203. 

Transformation of AL202 and HU71 with Single Insertion Mutants 

Repeated attempts to transform AL202 and HU71 cells resulted in no 

transformants using a range of 1-10 µg of DNA. Attempts to transform cells using three 
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Table 7. Comparative studies of Alaskan plasmids 
a. PCR 

-~ .. 
pAL202 + + + 
pAL203 + + 
pAL207 + + + 
pAL209 + 
pAL226 + + 
pAL208::TN/KAN8 + + 
pAL208::TN/KAN9 + + 
pAL236::TN/KAN2 + + 
pAL236::TN/KAN5 + 
pAL236::TN/KAN11 + + 
b. H bridization 

pAL202 + + 
pAL203 + + 
pAL207 + + + 
pAL209 
pAL226 
pAL208::TN/KAN8 
pAL208::TN/KAN9 
pAL236::TN/KAN2 
pAL236::TN/KAN5 
pAL236::TN/KAN11 
c. PCR (E vs N) iiir·i 
}e r. 

pAL202 + + + + + 
pAL203 + + + 
pAL207 + + + + 
pAL209 + 
pAL226 
pAL208 + + + + + 
pAL208::TN/KAN8 
pAL208::TN/KAN9 
pAL236 + 
pAL236::TN/KAN2 
pAL236::TN/KAN5 + 
pAL236::TN/KAN11 
pZErO ::TN/KAN 
1, Exonuclease treated DNA; 2; No exonuclease treatment 
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Tabe 8. Conserved re ions in the Alaskan lasmids 

pAL202 
pAL203 
pAL207 
pAL209 
pAL226 
pAL208 
pAL208::TN/KAN8 
pAL208::TN/KAN9 
pAL236 
pAL236::TN/KAN2 
pAL236::TN/KAN5 
pAL236::TN/KAN11 

+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
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different electroporation procedures were also unsuccessful. After electroporation, a 

survival rate of only 27% was observed for the AL202 cells, and zero for the HU71 cells 

even at lower voltage. No transform.ants per 10 µg of DNA were recovered for either 

strain. 
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CHAPTER IV 

DISCUSSION 

DNA and ORF Analysis 

The genomes of H. pylori strains 26695 and 199. show high conservation with 

respect to gene content, gene function, and gene order (23 ). The genomes have an 

average GC content of 39%. However, both strains exhibit plasticity regions with 

different percent GC: eight regions in 26695, and nine regions in 199 (3). In 26695 these 

regions include the cag PAI (35% GC), 1S605 (33% GC), restriction modification 

systems (33% GC), and genes encoding RNA polymerase subunits (43% GC) (52). 

Except for the region encoding the RNA polymerase subunits, the percent GC of the 

other plasticity regions correspond to the percent GC of H. pylori plasmids (33%-38%) 

whose sequences have been determined. The above observation led to the suggestion that 

plasmids might be involved in the integration of new DNA into H. pylori chromosome 

and in the transfer of DNA between strains (3). Even though several H. pylori plasmids 

have been sequenced and characterized (22, 37, 39, 40, 45, 59, 70, 75, 76), no clearly 

defined function has been assigned to these structures. The main objective of this study 

was to characterize another H. pylori plasmid, pAL202, and contribute to understanding 

the biological role of plasmids in the bacterium. 

The DNA and ORF sequences ofpAL202 were almost identical to pHel4. Since 

these plasmids originated from two different geographical regions, this identity between 

the plasmids was surprising since all the plasmids that have been sequenced share some 
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genes, the repA and or.fl genes for example, but still exhibit their own unique gene 

content. Due to the near identity of the gene sequences, gene functions, and gene 

arrangements between pAL202 and pHel4, the argument can be made that these two 

plasmids derived from the same H pylori plasmid some time ago. 

The RI iterons observed upstream of the orfl/repA gene in pAL202 are 

presumably the binding site for the Rep protein and the initiation site of theta-type 

replication (22, 59). Veereshlingam (84) confirmed these suggestions showing that in 

pHPM8 the RepA protein binds to the iterons. The iteron-RepA complexes, however, are 

strain specific (84 ). From the strong conserved middle region among the RepA proteins 

of these theta-type plasmids (41, 70) and the conserved RI iteron sequences (70) one 

would not expect the strain-specific binding of the iteron-RepA complexes. It could be 

that the binding ofRepA to the iterons is not strain specific, but other proteins involved 

in the formation of these complexes are strain specific and recognize the amino acids 

sequences on RepA that are not common to the other RepA proteins. No studies ofRepB 

binding of H. pylori plasmids have been reported. However, Hosaka et al. ( 40) suggested 

the binding of the RepB protein to the R3 iterons based on the observation that theta-type 

plasmids are dependent on the binding of Rep proteins to iteron sequences. 

Minnis et al. (59) and De Ungria et al. (22) indicated that R2 might be involved in 

recombination events. Hofreuter and Haas (39) suggested that these sequences might be 

hot spots for recombination and site-specific integration. As observed here in pAL202, 

Hofreuter and Haas (39) report that in pHel4, pHel5, pHPM8, pHPM180, pHPM186, 

pHPS 1, and pH el 1 R4 is located also at the 3' end of the repA gene. In pHPM8, 
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pHPMl 80, and pHPS 1, in which orfl is positioned immediately downstream of repA, the 

R4 is located between the two genes. However, in plasmids in which repA and or.fl are 

separated by other genes (pHPM186, pHel4) two copies ofR4 are positioned as described 

here for pAL202. Amplification with primers derived from R4 resulted in 1.7 and 0.8 

kbp fragments in pHel4 and four randomly chosen plasmids indicate that duplication of 

the R4 is common in H pylori plasmids (39). The region between the two R4 sequences 

in pAL202 was about 1.8 kbp. Based on the above observations, Hofreuter and Haas (39) 

suggest that R2 and R4 sequences are sites for genetic recombination that might have led 

to the size variability in H pylori plasmids, and that some cryptic proteins encoded by the 

plasmids and the chromosome might be involved in specific recombination events. The 

sequence data for pAL202 supported this suggestion. 

The complete sequence ofpAL202 had 15 putative ORFs that were submitted to 

the BLAST program for comparison to known sequences. ORFl/RepA showed strong 

identity to the replication protein, RepA, of H pylori theta-type plasmids and some 

identity to replication ORFs of plasmids from unrelated species. ORF2 showed great 

identity to other H pylori plasmid ORF2 proteins, but also to H pylori chromosomal 

open reading frame JHP065 l (function unknown) of J99. The central conserved motif 

HPFXXGNG present in ORF2 is found in most members of the family of Fie proteins 

that are involved in cell division via the synthesis of folate ( 46, 83), but the precise 

molecular function has not been determined. Since it is absent from some H pylori 

plasmids (37, 76), the suggestion has been made that ORF2 might be involved in 

recombination (22, 59) or with the replication and/or control of the copy number of 
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plasmids (70). From the observation that R4 is linked to some orj2 genes, it is possible 

that this ORF also might be involved in recombination events between plasmid and 

chromosome. 

The conserved motifHPFXXGNG present in ORF2 and the family ofFic proteins 

(46, 83) was observed also for ORF6. Hofreuter and Haas (39) observed an extension of 

the above conserved sequence, PFSDGNGRTGRALMF, in ORF4M of pHel4, ORF5K of 

pHel5. A similar conserved sequence was seen in ORF6, but not in ORF2 ofpAL202. 

As with ORF2 in pAL202, ORF6 showed identity to chromosomal protein JHP065 l, but 

ORF6 also showed identity to chromosomal proteins HP0712 and HP0713. In pAL202, 

ORF6 is positioned directly upstream of ORF2 with the genes overlapping by eight bp; 

the first eight hp in ORF2, and the last eight hp in ORF6. In pHel4, these ORFs are 

positioned adjacent to each other; however, there is no overlapping of the genes encoding 

the ORFs. As with ORF2, the function ofORF6 is uncertain. 

Open reading frames ORF3, ORF4, and ORF5 showed identity to other ORFs of 

pHel4. A BLAST search revealed no identity to any other H pylori plasmid or 

chromosomal proteins, or to proteins of other unrelated species. A comparative study 

between pAL202 and six other H pylori Alaskan plasmids revealed that the genes 

encoding these ORFs were also present in three of the six plasmids (see below). In 

pAL202 the region consisting of these three ORFs and ORF6 was part of the 1.8 kbp 

region between the R4 repeats. The sequences of these additional Alaskan plasmids has 

not been determined and since the forward PCR primer-binding site that amplified this 

region was within orf] and the reverse primer-binding site was within orf6, it is unknown 
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whether the R4 repeats were present on these Alaskan plasmids and if this region was 

positioned between repA and orf2. The function of 0RF3, ORF4, and ORF5 is also 

unknown. 

Two other ORFs of unknown function of pAL202 were ORF7 and ORF14. 

ORF4N of pHel4 was the only H pylori protein that showed identity to any (ORF7) of 

these two proteins. Low identity to proteins of unrelated species such as Staphylococcus 

phage phiN3 l 5 and Anopheles gambiae were found. Even though a putative promoter 

and RBS was found for both of the corresponding genes, it is uncertain if these genes are 

expressed. Also, the observation that R pylori strains 26695 and J99 possess genes that 

are strain specific indicate that orj7 could have originated in the chromosome. The orfl 4 

gene might have been acquired from an unrelated organism. 

Presumably, ORF8 and ORF9 could be classified as Microcin-like (Mee-like) 

proteins. ORF8 showed strong identity to the MccC-like proteins ofpHel4 and pHPM8. 

In addition ORF8 showed low identity to transmembrane transport proteins of non-

related species. Identity to the tetracycline resistance protein tetA(P) homolog of H 

pylori 26695 and J99 led to the investigation of tetracycline resistance of AL202. AL202 

was not tetracycline resistant. The above observation led us to suggest that mutation in 

the gene encoding ORF8 might have caused loss of tetracycline resistance. The 

conclusion was that ORF8 is a transmembrane protein of unknown function. 

Alternatively, this region of pAL202 may represent a recombination event in which 

acquisition of ORF8 was the result of a plasmid/chromosome recombination. 
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ORF9 shared identity with the MccB-like proteins and HesA/MoeB/ThiF family 

proteins. As mentioned in the Results, ORF9 showed identity to numerous proteins of 

unrelated species such as Streptococcus pneumonia, Enterococcus faeca/is, 

Schizosaccharomyces pombe, and Homo sapiens. Such identities made any assumption 

about the function of ORF9 difficult, since the functions of these proteins differ in each 

of the organisms. However, both ORF8 and ORF9 are Mee-like and could therefore be 

part of the mccABCDEF operon acquired from E. coli through horizontal gene transfer. 

Further investigation of these proteins might determine their exact function and their 

relationship to other proteins encoded by the plasmid. 

ORFlO, ORFI 1, ORF12, and ORF13 made up the Mob-region (58) and showed 

strong identity to the Mob-like proteins described in pHel4 (39). Lower identity to 

mobilization proteins of plasmids from unrelated species also was observed for these 

proteins. The presence of these Mob-like genes, ORFI0-ORF13, and a putative nic 

sequence (origin of transfer) on pAL202 led to the investigation of the mobilization of the 

plasmid. No nic sequence was present upstream of the mobA-like orfJO gene where it 

was observed in E. coli; however, a potential nic sequence (TATCCTG; hp 3379-3385) 

conserved among the IncP plasmids, such as RP4 (39, 48, 65), was observed in orf6 and 

could be the site for DNA transfer initiation. Repeated trials using both liquid and plate 

matings failed to show any mobilization of the pAL202 recombinants used in this study. 

This led to the conclusion that the putative nic sequence found in orf6 was not the strand 

transfer initiation site and that pAL202 could not be mobilized by pRK.24. Since all the 

H pylori strains in our laboratory are isolated from patients with some form of gastric 

78 



disease these strains are classified as type I strains and therefore assumed to have a cag 

PAI. Hacker and Kaper (35) pointer out that if PAis contribute to the fitness and 

pathogenicity of the host organism, then the mobility genes involved in transfer, deletion, 

or excision will be inactivated or deleted to select for stability. We therefore suggest that 

mutation in the genes, orfl 0-orfl 3, encoding these proteins might have caused the loss of 

their original function. 

ORF15 showed identity to the transposase ORF, OrfB, of H. pylori IS607 and 

ISHp608, and lower percent identity to other transposase proteins of unrelated species. 

The identity between ORFIS and OrfB of H pylori 1S607 and ISHp608 was only 

observed at the right end (C-terminus) of the transposase. Since neither promoter nor 

RBS sequences were found for ORFI 5, this ORF might have been part of a whole 

insertion sequence and was left on the plasmid after a transposition event. This 

observation supported the suggestion made by Alm et al. (3) that plasmids might be 

involved in the integration of new DNA into H. pylori chromosome and the transfer of 

DNA between strains. 

Test for Distribution of pAL202 Genes in Other Alaskan Plasmids 

The five characterized H. pylori plasmids from this laboratory were isolated from 

strains recovered from patients in the North Texas area. All plasmids showed strong 

conservation of replication genes. Therefore, a study was undertaken to determine 

whether H. pylori plasmids from a different geographical region would also exhibit these 

replication genes. Johnson ( 41) tested seven Alaskan strains and determined that the 

repA and orf2 genes were strongly conserved. Since these Alaskan strains came from a 
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geographically isolated region, this study examined whether other genes on the Alaskan 

plasmids were conserved. 

As shown in Table 8 the presence of these regions in five of the seven H pylori 

strains indicated that the genes are conserved among the plasmids in this particular 

geographical region (Alaskan village). However, the fact that pAL202, an Alaskan 

strain, was so similar to pHel4, a European strain, and pHPM8, a North Texas strain, 

indicated that these genes are often conserved among H pylori plasmids but frequent 

recombination events might lead to the dissimilarity of gene order. Although not shown 

directly, the inconsistency in data for pAL203 and pAL207 in Table 7 indicated that these 

strains contained multiple plasmids as did pAL208 and pAL236. This was the first 

confirmed observation of multiple plasmids in one H pylori strain. 

Transformation of AL202 and HU71 with Single Insertion Mutants 

An attempt was made to transform AL202 and HU71 naturally and by 

electroporation. Most H pylori strains are naturally competent for transformation ( 61, 

85) and DNA uptake by natural transformation occurs by means of a type IV secretion 

system encode by the comB operon (38). Tsuda et al. (82) report that a higher frequency 

of transformation of H pylori is obtained through electroporation. Repeated attempts to 

transform AL202 and HU71 cells naturally and by electroporation resulted in zero 

transformants for both strains. 

Based on analysis of chromosomal DNA, H pylori strains possess common and 

strain specific type I, type II, and type III restriction-modification (R-M) systems (3, 23, 

81). The restriction component degrades foreign DNA (81) and therefore might prevent 
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transformation with DNA of unrelated strains. The presence of such restriction systems 

in AL202 and HU71 might explain the failure to transform these strains with 

recombinants ofpAL202. The recombinant plasmid DNA was isolated from E.coli pir+ 

cells that are modification proficient and thus the recombinant plasmid DNA should have 

been modified. When introduced into AL202 and HU71 cells, recombinant pAL202 

plasmids could be recognized as foreign and therefore degraded. Alternatively, these 

strains may be examples of H pylori strains that are not transformable. No control DNA 

was available to test this hypothesis. 

Finally, the observation of border sequences of transposable elements, repeated 

sequences, chromosomal DNA, and mob-like genes on pAL202 indicate recombination 

events. Characterization of six H pylori plasmids in this laboratory showed that all carry 

chromosomal and/or transposon remnants, indicating that recombination events occur 

between chromosome and plasmid. It is suggested that frequent recombination events in 

the genome might be crucial for the bacterium to evade the host immune system (10). 

Whether these recombination events between chromosome and plasmid are involved in 

the evasion of the host immune system is unknown. However, the conservation of H 

pylori plasmids in clinical isolates argues that the plasmids do increase the fitness of the 

bacterium and therefore may contribute to the pathogenicity of the organism. 
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