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ABSTRACT
ILSE Y. RICKETS

SEQUENCING AND CHARACTERIZATION OF HELICOBACTER PYLORI
PLASMID, pAL202

MAY 2004

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 orf2 genes, the IS607 transposon, and regions of the cag PAI of strains J99 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



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
transformants. 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 recombinatibn 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 Campylo‘bacter species, IRNA
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 primétes (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 bacteriuﬁ (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).

Otﬁer 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 (47). CagA is a 128-145
kDa protein (17, 78), encoded by the cag4 gene present in pathogenic strains of H. pylori
(15). The size variability of the cag4 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),



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. The 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 of 35% 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 cagd (CagA") and the vac4 (VacA") genes (87), and are associated with the more
severe gastric diseases (17, 87). Type II strains lack the cag4 gene (CagA’) and express a
nonfunctional VacA, and are therefore VacA™ (87). On the chromosome of H. pylori
strain NCTC 11638, the cagA4 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).



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, IS605, 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 J99 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), IS606 (3, 15, 42, 81), IS607 (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,



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 of pHPK255 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 repA4 (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 bp 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), QHPM180 (59), pHPSI1 (22),

pHPO100 (unpublished), and pHPS1 (75), the orf2 gene is positioned downstream of the



“repA gene. In pKU701 orf2-like sequences are observed directly downstream of the repB
gene. In pHPMS the repA gene and orf2 genes are cotranscribed (70). Since ORF2 is
absent from some plasmids (37, 76), De Ungria ef al. (22) suggest that ORF2 might be
involved in recombination. Quifiones ef 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 (Fic) protein of
Helicobacter HP1159 (NP_223803) was observed (76). The Fic 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
of IS605 in pHPM186 (13); IS607 in pHPM179 (79); the tetracycline efflux protein
TetA(P)-like and microcin-like proteins in pHPMS8 (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 repA4 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, AL.202 and analyze additional Alaskan plasmids for

conserved genes or regions. Conserved genes or regions are genes or regions that are



pAL202
pHPMS8
pHPM179a
pHPM179b
pHPM180
pHPM185
pHPM186
pHel1
pHel4
pHel5
pHPS1
pMCU1
pMCU2
pMCU3
pMCU4
pMCU5
pMCU6
pMCU7
pHPO100
pHP51
pHP489
pKU701
pHPK255
26695
Jog*

CCUG 17874

* Chromosome

AY584531
AF275307

U12689

AF077006
249272

AF469112
AF469113
AF019894
AF019895
AF019896
AF019897
AF019898
AF019899
AF019900
AF019901
AF056496
AY267368
AF027303
AB078638
584689

AE000511
AE001439
AAF80202

& AF055275
& AF055274

& AF055276
& AF055277

& AE000537
& AE001512

75
76
40
45
3, 23, 81
3,23



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 orf2 gene, or elsewhere in the plasmid.



CHAPTER 11
MATERIALS AND METHODS
Materials
Bacterial Strains and Plasmids

H. pylori strains AL202, AL203, AL207, AL208, AL209, AL226, and AL.236,
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, AK, 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 (Difco),
containing 25% glycerol (Sigma) and 10% horse serum (Sigma). H. pylori cells were
cultured at 37°C under microaerophilic conditions, 5-10% CO,, on brain hearth infusion
(BHI) medium (Difco), supplemented with 10% horse serum. The plasmid DNAs,
pAL202, pAL203, pAL207, pAL208, pAL209, pAL226, and pAL236, were isolated
from the Alaskan strains.

The EZ::TN™<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, A(mrr-hsdRMA-

mcrBC), $80dlacZAM15, AlacX74, recAl, endAl, araD139, A(ara, leu)7697, galU,
9



galK, ), rpsL(Str"), 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 Protect™ 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 Top10F’ (Invitrogen)
was obtained from Dr. John Knesek at Texas Woman’s University. The genotype of
Top10F’ is F{Lacl% Tn10 (Tet")} mcrA, A(mrr-hsdRMS-mcrBC), $80LacZAM15,
AlacX74, deoR, recAl, araD139, A(ara-leu) 7679, galU, galK, rpsL(Str"), endAl, nupG.
The plasmid, pZErO-2.1, was isolated and transformed with the
EZ:: TN™<R6Kyori/KAN-2> transposon. The recombinant plasmid, pZErO:: TN/KAN,
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,
lacY, leuB6, AtrpES, hsdR, with pRK24 providing Ap', Tc', and Trp’. The recipient used
in the mating studies, JC3272, provided by Dr. Sarah MclIntire at Texas Woman’s
University, is his, trp, lys, rpsL(Str"). JC3272 was made Nal' by plating an overnight
culture on LB plates containing 20 pg/ml nalidixic acid (Sigma). The Nal' derivative was

named IR3272.
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Media

Brain Heart Infusion (Difco), 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 ef al.
(72). BHI was supplemented with 10% horse serum (Sigma). Kanamycin (Amresco) at a
concentration of 50 ug/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 pg/ml to determine antibiotic resistance of H. pylori strain AL202. Streptomycin
(Amresco) at a concentration of 25 pg/ml, nalidixic acid at 20 pg/ml, kanamycin at 50
pg/ml, and tetracycline at 50 pg/ml were added to M9 minimal medium [200 ml of 5X
M9 minimal medium salts (Bio 101 Systems); 10 ml of 20% glucose; 1.0 mlof 1.0 M
MgSOy; 1.0 ml of 1.0 M thiamine; histidine, tryptophan, and lysine at 40 mg/L each; H,O
for a total volume of 1.0 L] used in mating studies. Plate medium was solidified with
Bacto Agar (Difco) 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-EDTA (Sigma); agarose (SeaKem, FMC); 10 mg/ml ethidium

11



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 m! 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); [o**P]-dCTP
(NEN™); Ecolume (Lab Industries); denaturing buffer (3 M NaCl, 0.4 M NaOH);
transfer buffer (3 M NaCl, 8 mM NaOH, 2 mM sarkosyl); 5X neutralizing buffer (1.0 M
phosphate buffer, pH 6.8); ULTRAyb 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 MgCl, 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 Vector NTI® 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 ExPASy Proteomics tools (http://us.expasy.org/): PSORT
(http://www.psort.org/); SOSUI (http://sosui.proteome.bio.tuat.ac.jp/sosuiframe0.html);
ProtParam (http://us.expasy.org/tools/protparam.html); TMHMM
(http://www.cbs.dtu.dk/servicess 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

Pri

OO ~NOO D WN -~

rs 9-14

PCR

d in th t f pAL202

ATCAA

R6KAN-2 RP-1 Reverse 5'-CTACCCTGTGGAACACCTACATCT-3'

202AF
202AR1
202BF
202BR
202CF
202CR
IR1

IR2

IR3

IR4
IRMob1
IRMob2

5'-GTCTCTAGCTTTAGCTATGGGG-3'
5'-GCTTATCCACATCTTGGACTG-3'
5'-CACGATAAAGCGTCACTAAAG-3'
5-ATACTTCCTCATCATTCTGCCC-3'
5-ATTCAAAGCCACACTCTAGGC-3'
5'-GTGAAAGTATCTTCACGCGCTG-3'
5'-GGCTCTGTATGTGCTGAACA-3
5'-GAAATAATCCAAGAAACCGCTTACCACAGC-3
5'-TCTGACCATTCGCATGGCGCACC-3'
5'-GGCAGTTCTTAATGATGCCAACTAGGGTG-3
5'-GTAGCGTGTTGTGTGTTTGAAGTAGCG-3'
5'-CCAAATCGCTAAACATCTCAACAC-3'

14

from LI-COR Inc., primers 3-14 were pAL202 primers obtained from Bio-Synthesis Inc.

52-75
2142-2163
1932-1952
7159-7179
8084-8105
11658-11678
135-156
2253-2272
2832-2861
3142-3164
3718-3746
7693-7719
9278-9301



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 scintillat\ion counter; Shimadzu UV 160U spectrophotometer.
A 302 nm UV transluminator (VILBER LOURMAT) 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
HSC10K 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 Wizard Miniprep procedures (59) included four TE buffer
washes of the cells prior to cell lysis. H. pylori cells were cultured in four 175 cm®
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% CO,. 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
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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 pl of cell resuspension buffer. To each
resuspension, 200 pl 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 HSC10K 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 pl of
H,O 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 P1 buffer. The content of two tubes was combined into a

16



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
of QF 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 pl of 70% 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 pl of H,O. 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 Ao Where Agp 0of 1 O.D. = 50 pg/ml.

The QIAGEN Large-Construct Kit was used to isolgted 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) and pir-116 (high copy number) cells were transformed through
electroporation with the recombinants of pAL202. Electroporation was carried out using
40 pl of cells and 1-10 pg DNA according to the manufacturer’s procedures in a
TransPorator™ Plus Electroporation system (BTX) at 1.5-2.5kV, 40 uF and 130 Q ina 1
or 2 mm cuvette. Immediately after electroporation, 960 pl 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
ng/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 of transformants. The presence of the R6Kyori, brigin of replication,
on the transposon allowed the recombinants of pAL202 to replicate in E. coli pir* cells
(57). The product of the pir gene, the = 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:: TN™<R6Kyori/K AN-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.

18



Restriction Endonuclease Analysis

One to two units of restriction endonuclease were added to 50-150 ng of plasmid
DNA, 2 pl 10X reaction buffer, and H,O to a final volume of 20 pul. The reaction

mixture was incubated overnight at 37° in a water-bath. Digestion reactions were
analyzed by agarose gel electrophdresis as described below. The plasmid DNAs isolated
from the Alaskan strains were digested with the restriction enzyme HindIII 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; EcoRI that cleaved once in
the plasmid, and Ps/l 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 HindIIl, which had two restriction sites in the transposon.
Agarose Gel Electrophoresis

A 0.8%-1.0% agarose gel containing 1X 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 1X TBE containing ethidium bromide at a final concentration of 1.0 pg/mi. 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™ID 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 thermocycler and the GeneAmp XL PCR Kit (Perkin Elmer) as
recommended by the manufacturer. The sequencing reaction was mixed on ice and
contained 2.5 pug of plasmid DNA, 8.1 pl of 3.5X SequiTherm sequencing buffer, 2.25 ul
of the KAN-2 FP-1 Forward or REKAN-2 RP-1 Reverse primer (25 pmol/ul), ultrapure
H,0 to a volume of 18 pul, and 1.12 pl of SequiTerm EXCEL II DNA polymerase (5
U/ul). Four micoliters of the above reaction was added to each of four 200 ul PCR tubes
containing 2 pl of a mixture of ANTPs 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 o at 4°C. At the end of the PCR
reaction 3 pl 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 pl

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 (BIOLINE). Each reaction contained 50-60 ng of plasmid
DNA, 1.0 pl each of a forward and a reverse primer (25 pmol/ul), 4 ul of 10 mM dNTP,
1.5 pl of 50 mM MgCl,, 5 ul of the 10X buffer, 1.0 ul of Red Taq DNA polymerase
(1U/pl), and H>0 to a total volume of 50 ul. 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 « 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/K AN-2> transposon specific KAN-2 FP-1 Forward and RGKAN-
2 RP-1 Reverse primers (Epicentre) in bi-directional sequencing. The LI-COR 4000L
automated sequencer and SequiTherm EXEL™I 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 H,O and 100% isopropanol.
Three hundred and thirty microliters of silane stock solution and 10 ul of 10% acetic acid
were mixed in a microcentrifuge 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 H,O to atotal weight of 67.5 g. Once
the urea was dissolved, 400 pl of 10% ammonium persulfate and 40 pl 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 1X TBE buffer was added to the
bottom buffer tray, and 600 ml of 0.75X 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 pl 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 BLASTN program of NCBI (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 program 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 find
possible open reading frames (ORFs), promoter consensus sequences, and ribosome
binding sites. Internet available software was used to find 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 ExPASy Proteomics tools (http://us.expasy.org/).
Mobilization and Mating Studies

ORF10, ORF11, 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 if pAL202 could be mobilized by pRK24, a T¢', Kan®,
derivative of RP4. Two recombinants of pAL202, pAL202::TN/KAN21 and
pAL202::TN/KAN2S in E. coli pir" cells were used as donors, testing for mobilization of
the kanamycin resistance (Kan') marker present on the recombinant plasmids. The
pRK24 mobilizing strain was JA221 and the final recipient was IR3272. Isolation of the

Nal’ 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 each pir' (pAL202::TN/KAN21 or 25), and JA221(pRK24), and
incubated overnight at 37°C in a water-bath. The next morning 100 pl 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 pl of JA221(pRK24) and 1.8 ml of pir' (pAL202::TN/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 pl aliquots on LB agar containing kanamycin (50 pg/ml) and
tetracycline (50 pg/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/KAN2S5; 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. Each pir" strain, pAL202::TN/KAN21;
pRK24 and pAL202::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 ODggo0f 0.6. Two hundred microliters of
pir' (pAL202::TN/KAN21 or 25; pRK24) and 1.8 ml of IR3272 were mixed and
incubated for 60 min in a 37°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 pl

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 II1
(ORF4-ORF6), and region IV (ORF10-ORF 13, Mob-like genes). Region I was amplified
with primer set IR1 and IR2, region IT with IR3 and IR4, region III with IR1 and IR4, and
region IV with IRMob1 and IRMob2 (Table 1). '
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each, streptomycin (25 pg/ml), nalidixic acid (20 pg/ml), and either kanamycin (50
pg/ml) or tetracycline (50 pg/ml). The plates were incubated at 37° C for 1-3 days.

In a separate plate mating experiment with these same strains, 100 pl of each
mating mix was spotted separately on an LB agar plate and incubated overnight at 37°C.
The next morning the cells of each mating mixture were scraped from the plates and

suspended in 500 pl 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. 1); region I (ORF4-ORFS5),
region II (ORF6), region III (ORF4-ORF6), and region IV (ORF10-ORF13, Mob-like
genes). Region I was amplified with primer set IR1 and IR2, region II with IR3 and IR4,
region III with IR1 and IR4, and region IV with IRMob1 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 NEBIot® 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) m a total volume of
33 pl of H,0 was added to a microcentrifuge tube, boiled for S min, placed on ice for 5
min, then centrifuged briefly. To the tube was added; 5 pul 10X labeling buffer, 2 ul 0.5
mM dATP, 2 p1 0.5 mM dTTP, 2 pul 0.5 mM dGTP, 1.0 ul of DNA polymerase 1-Klenow
Fragment (5 units), and 5 pl a-dCTP*? (3000 ci/mmol, 50 pCi). 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 HindIII 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 (3 M NaCl, 0.4 M NaOH) and washed in transfer buffer (3 M NaCl, 8
mM NaOH, 2 mM sarkosyl) for 15 min. The membrane was soaked in H,O 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
1X neutralizing buffer (1.0 M phosphate buffer, pH 6.8). The membrane was added to a
hybridization tube containing 10 ml of ULTRAhyb 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 of 2X SSC, 0.1% SDS), and finally
incubated at 42°C for 30 min with 50 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 BIO-
RAD Molecular Imager® 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™ (Invitrogen)
transformed with the EZ:: TN™<R6Kyori/K AN-2> transposon (pZErO:: TN/KAN) 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, bp 414, in which the transposon was inserted
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between orfl/repA and its promoter; pAL202::TN/KAN21, bp 4370, in which the
transposon was inserted in orf2; and pAL202::TN/KAN2, bp10161, 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 37°C under microaerophilic (5-
10% CO,) 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
pg) 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 pl aliquots on selective (BHI-YE plus 50 pg/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 pg of plasmid DNA
resuspended in 10-20 ul of UPH,0O 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 pF, 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% CO,). The 12 h old cells were
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scraped and suspended in 1.0 ml of BHI-YE broth, diluted, and plated in 100 pl aliquots
on selective and non-selective medium.

In the second procedure, described by Segal et al. (73), cells were made
electocompetent in electroporation buffer (EPB) [272 mM sucrose, 15% glycerol, 2.43
mM K,;HPO;, 0.57 mM KH,POy4, 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 pl 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 Il
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 EcoRI
produced one (12120 bp) fragment; HindIII produlced five fragments (6862, 1791, 1602,
1187, and 678 bp); and Xbal produced three fragments (11518, 572, and 30 bp). Some of
the HindIlI and Xbal 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:: TN™<R6Kyori/K AN-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 pg/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 Pstl 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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12 kb

1.6 kb
1.0kb
0.5kb
a.
HindIII (11123) __Hindlll (794)
/Hin dIll (1472)
HindIII (9521) .
“HindIII (2659)
pAL202 59
12120 bp
| Eco RI (5084)
Xba 1 (6144)';’ Xba I (5542)
b. Xba 1(6114)

Figure 2. Restriction digestion of pAL202
a. Lane 1, kb ladder standard; lane 2, digestion with EcoRlI,
lane3, HindIll; lane 4, Xbal.

b. A graphic representation of restriction digestion sites on pAL202.
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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::TN™<R6Kyori/K AN-2> transposon also was inserted into plasmid
DNAs of pAL208 and pAL236. Two recombinants were obtained fof pAL208,
pAL208::TN/KANS and pAL208::TN/KAN9Y, and three for pAL236,
pAL236::TN/KAN2, pAL236::TN/KANS, and pAL236::TN/KAN11. The restriction
enzyme HindIII was used to test for the presence of the transposon in these recombinants.
HindIII 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-1
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 Basig 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 (InforMax).
Consensus sequences from the alignment were used in the construction of pAL202 using
the ContigExpress® from Vector NTI. 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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0.5kb

Figure 4. Single transposon insertion of pAL208 and pAL236 digested with HindIII.
Lane 1, kb ladder standard; lane 2, pAL208::TN/KANS; lane3, pAL208:: TN/KANY;
lane 4, pAL236::TN/K AN2; lane 5, pAL236::TN/KANS; lane 6, pAL236::TN/KANT11,
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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 of pAL202. The
open reading frames (ORFSs), 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 J99 (38.9%) and 26695 (39.2%). However, the percent GC of pAL202
was similar to H. pylori plasmids with similar open reading frames such as pHel4
(34.3%), pHel5 (34.4%), and pHPM8 (33.4%) (Table 3).

The sequence of pAL202 was analyzed with the computer software of Vector
NTI® Suite 7.0 and 8.0 (InforMax). 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 (ORF1, ORF2, ORF4, ORFS, ORF6, ORF14) on one strand and
nine (ORF3, ORF7, ORF8, ORF9, ORF10, ORF11, 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 orf10 and orf15, and no RBS for orf135.

Nucleotide sequences and amino acid sequences were submitted to the BLAST
program of NCBI (4, 5) to find homologies to known sequences. The greatest identity

between pAL202 and H. pylori plasmids was to pHel4 (39) which is 10970 bp and came
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1

fterons

TACCAGTGART

ITCTTACGAG TGATAAGGGA AUTTCTTACG AGTGATARGG
. TeA CACT2:

AAGAATGCTC ACTATTCCCT TGAAGAATGE ACTATTCC

lterens
e

ARAAATTTAA TAGTTTCCAT ATTAACCATT TTCAGCTACA ATAACAGCGC GTGAAGATAC TTTCACAGCG
TTCCCTTGAA TTTTTAAATT ATCAAAGGTA TAATTGGTAA AAGICGATGT TATTGICGCG CACTICTATG AAAGTGTCGC

GTATTTCCTA TGTGTGGTAG CAATTTGGAG TAATTAGCTT GACTTGGTTG AGTITAGTGGG TTGGAGGATA GAGAGAGCGA
CATAAAGGAT ACACACCATC GTTAAACCTC ATTAATCGAA CTGAACCAAC TCAATCACCC AACCTCCTAT CTCTCTCGCT

CATCTCGTTA GGAGGTATCA ATGTGAAAGT ATTTTTCGTA ITAGTGCTAG TATTAGTAAT TCTCGCACAA TTGCTATATT
GTAGAGCAAT CCTCCATAGT TACACTTTCA TAAAAAGCAT AATCACGATC ATBATCATTA AGAGCGTGTT AACGATATAA

AGGCTTATTC GTGGTTTAAT CCCTTGTTTA TGGGGTTAGA CCCTTATARG CATACTAATA CGATCACACT TATTATACAC
TCCGAARTAAG CACCARATTA GGGAACAAAT ACCCCAATCT GGGAATATTC GTATGATTAT GCTAGTGTGA ATAATATGTG

+1
401

ORF1
VEF DQL E SQ R SDL Q@ KV L KEL

b "
CAAAAGATAA GGAGTATAGA GTGGAATTTG ATCAATTAGA ATCACAAAGA TCAGATTTAC AAAAAGTGTT AARAGAATTA
GTTTTCTATT CCTCATATCT CACCTTAARRC TAGTTAATCT TAGTIGTTTCT AGTCTAAATG TTTTTCACAR TTTTCTTAAT

+1

481

ORF1
DTL P KT P QI E LQK G EI Q DR § NK I T DTI

GATACGCTCC CARARACCCC ACAAATTGAG TTACRAAAAC AAGAAATACE AGACCGCATC AACAAAATAA CAGACACAART
CTATGCGAGG GTTTTTGCGG TGTTTAACTC AATGTTTTITG TTICTTTATGT TCTGGCGTAG TTGTTTTATT GTCIGTGITA

+1

561

QRF1
11 K E L L 8 K HE | KK E E LK P T L K EE P T PTK

CATTAAAGAR TTACTATCAA AGCATGAAAT CAAAAAAMGAA GAACTAARAC CAACTCTAAR AGAAGAACCC ACACCAACAA
GTAATTTCTT AATGATAGTT TCGTACTTTA GTTTTTTCTT CTTGATTTTG GTTGAGATTT TCTTCTTGGG TGIGGTTGTT

+1
641

ORF1
KA P Q@ T T P TPCIKNLV VS T PKDNTY 1 TYH

RAGCGCCACA RACCACCCCC ACACCATGCA AMARTTTAGT GGTTAGCACT CCTAAAGATA ACACCTATAT CACTTACCAC
TTCGCGGTGT TTGGTGGGGG TGIGGTACGT TTTTAAATCA CCAATCGTGG GGATTTCTAT TGTGGATATA GTGRATGHTG

ORF1

Hindlll
MAAAANAN
N NA N KV N LG K LSEREANILLF AIF Q KLK

AATAACGCTA ACAAGGTTAA TCTAGGGAAAR TTGAGCGAAA GGGAAGCCAA TCTTTTATTC GCTATTTTTC AARAAGCTTAA
TTATTGCGAT TGTTCCAATT AGATCCCTTT AACTCGCTTT CCCTTCGGTT AGAARATAAG CGATRAAAAG TTTTCGARTT

ORF1

KD Q 6 NT L I RF E PQDLKRM I MV KS N LTNR

AGATCAAGGG AATACCCTTA TTCGTTTTGA ACCGCAAGAT TTGAAACGCA TGATCATGGT CAAATCTAAC TTAACCAACA
TCTAGTTCCC TTATGGGAAT AAGCAAAACT TGGCGTTCTA AACTTTGCGT ACTAGTACCA GYTTAGATTG ARTTGGITGT

+1
881

ORF1
‘-RQ L L@V L KNL L DN I 8§8G A NFW I I R E HVE

GGCAATTATT GCAAGTCTTA AAAAATTTGC TTGACAACAT CAGCGGTGST AATTTTTGGA TCATTAGAGA GCATGITGAA
CCGTTAATAA CGTTCAGAAT TTTTTAAACG AACTGTTGTA GTCGCCACGA TTAAAAACCT AGTAATCTCT CGTACAACTT

+1
961

ORF1
NGE I YE DMHT $ YML F Ka@ F DI R I HK P TQT

MATGGCGAAR TCTATGAAGA TCACACTAGC TACATGCTTT TCAAACAATT TGACATICGT ATCCATAAGC CAACCCAAAC
TTACCGCTTT AGATACTTCT AGTGTGATCG ATGTACGAAA AGTITGTTAA ACTGTAAGCA TAGGTATTCG GTTGGGTTTG

+1
1041

ORF1

‘TH E Y LEV QQ LNDSY QY LL NNL G MGAQYTSTF

TATAGAATAC TTAGAAGTCC AACTCAATGA TAGCTATCAA TACTTGCTTA ACAATCTAGG AATGGGGCAA TACACTTCIT
ATATCITATG AATCTTCAGG TTGAGTTACT ATCGATAGTT ATGAACGAAT TGITAGATCC TTACCCCGTT ATGTGAAGAA

+1

1121

ORF1
FK L | EF Q@ @VR G KY A KT L YRL L KQ Y K=& T
TCAAGCTCAT AGAATTTCAA CAAGTGAGAG GTAMATACGC TAAAACGCTC TATCGCTTGC TCAAGCAATA CAAAAGCACA

AGTTCGAGTA TCTTAAAGTT GTTCACTCTC CATTTATGCG ATTTTGCGAG ATAGCGAACG AGITCGTTAT GTTTTCGTGT )

+1
1201

ORF1
G I L 8 VEWTOQTF RELLDI! P KDY EMRN I DOQ

GOGATTTTAL
CCCTARAATY

GGAATG GACTCAATTC AGGGARCTTT TAGACATICC AARAGACTAT GAAATGCGRA ACATCGATCA
ACCTTAC CTGAGTTARG TCCCTTGAAN ATCTGTAAGG TTTTCTGATA CTTTACGCTT TGTAGCTAGT

continued on next page
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ORF1

@KV L T PS L KE L HK I YPF E HL S YK KTETRTKS

+1
1281  AAARGTCTTA ACTCCAAGCC TCAAAGARCT CCATARAATC TATCCCTTTG ARCACTTGAG CTACARRRAG GAACGCARAA
TTTTCAGAAT TGAGGTTCGG AGTITCTTGA GGTATTTTAG ATAGGGAAAC TTGIGRACTC GATGTTTTTIC CTTGCGTTTT
ORF1
+1 ‘SHD K RK V THI!{ DFY F EQ L PQGE TKH QKOQ
1361 GCCACGACAA GCGCAAGGTA ACCCACATTG ACTTTTATTT TGAGCARTTG CCACAGGGCG AAACCAAGGA TCARARGCAA
CGGTGCTGTT CGCGTTCCAT TGGGTGTAAC TGAAAATAAA ACTCGTTAAC GGTGTCCCGC TTTGGITCET AGTTTICGTT
ORF1
Hmdill
VWAAAAANY
1 K DK Q@ RA Q RD i KLV AWD I NNOQTI AKRNAK
1441  AARGACAMAC AACGCGCTCA AAGGGACATT AAGCTTGTAG CATGGGACAT CAATAACCAA ATCGCTAARA GARACGCTAA
TTTCTGTTTG TTGCGCGAGT TTCCCTGTAR TTCGRACATC GTACCCTGTA GTTATIGGTT TAGCGATITI CTTTGCGATT
ORF1
+#1 ' KA T M E AR F LE L KT L I 6GY Q FKHNNGTI LQ
1521 AGCCACTATG GAAGCTAGGT TTCTTGAATT GAAAACCTTG ATTGGTTATC AGTTCAAGCA CAACAATGGG ACTATTTTAC
TCGGTGATAC CTTCGATCCA AARGAACTTAA CTTTTGGAAC TAACCAATAG TCAAGTTCGT GITGTTACCC TGATAARATG
ORF1
++ Q! N N AT F EKNOQMF L HV 8 TNKNSQIK F LV
1601  AGATTAACAR CGCCACTTTT GAAAAGAATC AAATGTTTTT GCATGITTCA ACCAACAAAA ACTCTCAAAA ATTCCTTIGTG
TCTAATTGTT GCGGTGARAA CITTTCTTAG TTTACAARAA CGTACAAAGT TGGITGTTTT TGAGAGTTTT TAAGGAACAC
ORF1
#1 S NK T FA L EL L FVNUGYS L KK D SLL E E | D
1681  TCCAACAAGA CATTCGCTTT AGAACTTCTG TTTGTCAATG GATACAGCCT GRARARAGAC AGCTTGCTAG AAGARATIGA
AGGTTGTTCT GTAAGCGAAAR TCTTGAAGAC AAACAGTTAC CTATGTCGGA CTTTPTTCTG TCGAACGATC TTCTTTAACT
ORF1
#1 -DP P K | HP I T N E P11 K EFDE Y I 66 KT I HI TN
1761  TCCCCCCAAR ATCCACCCTA TCACTAACGA ACCCATCAAG GAATITGATG AATACATCGG CARARCGATC CACATCACTA
AGGGGGGTTT TAGGTGGGAT AGTGATIGCT TGGGTAGTTC CTTAAACTAC TTATGTAGCC GTTTTGCTAG GTGTAGTGAT
ORF1
+1 ‘NF NV DK CPEG I NNY LK I TR! A KL NDWNR
1841  ATTTCAATGT GGAGAMATGC CCTGAGGGGA TCAACAACTA TCTARAGATC ACTAGGATCG CCAAACTGAA CGACAATCGG
TARAGTTACA CCTGTTTACG GGACTCCCCT AGTTGTTGAT AGATTTCTAG TGATCCTAGC GGTTTGACTT GCTGTTAGCC
ORF1
+1 I € C F 8P R C G,
162 ATCTGTTGTT TCAGTCCANG ATGTGGATAA GCCTCAGAAA CTGCTAAANC CTTTCATTGC TAAAGATCAC AAACATIIGA
TAGACABACAA AGTCAGGTTC TACACCTATT CGGACTCITT GACGATTTTIG GARAGTAACG ATTTCTACTC TTTGTAAACT
2001  AAAATTGGTT CAAGAAACAC TACAGGTAAT CGGTGGACTA GAGCATAGCT CTAGTCTTAA TATTATCGCC AGCTAAAGCT
_ TTTTAACCAA GITCTTTGTG ATGTCCATTA GCCACCTGAT CTCGTATCGA GATCAGAATT ATAATAGCGG TCGATTICGA
2081  GGCATTGGGG GGCTTATTAA TAAGTTTTTT TACATTTTAT CTTTTATTGT TTTGACATAC TCCCCATAGC TAAAGCTAGA
CCGTAACCCC CCGAATAATT ATTCAAAAAA ATGTAARATA GAAAATAACA AAACTGTATG AGGGGTATCG ATTTCGATCT
ORF4
ORF3
+3 MSs F weE K
2161  GACTTTGCGG CATTATTTGG TAARATGATT TCACAMAGTG AATTGTAATA GGRGITTAAA AAATGAGTTT TIGGGAAAAA
CTGAAACGCC GTAATABACC ATTTTACTAA AGTGTTTCAC TTAACATTAT CCTCAAA’Y}'T TTTACTCARA AACCCTTITT
3 €
-1
ORF4
ORF3
#3 L GF K 6 S V CA E QKWL I AK EC1I E | EK P 8 EN
22491  TTAGGTTTTA AAGGCTCTGT ATGTGCTGAR CAABRAGTTAA TTGCCAARGA ATGTATTGAG ATTGRARRAC CTAGTGAAAA
AATCCAARAT TTCCGAGACA TACACGACTT GTTTTCAMTT AACGGTTTCT TACATAACTC TAACTTTITG GATCACTTTT
3

P N S PO U ST S S ,

NP K L P E T HA Cc FN I AL 8§ HI 8§ I §F G L SF

continued on next page

38



ORF4

ORF3
3 'NK | E | EX L RL D I E K QVEIRNIJI L LKA KAKDRQ
2321 TAAAATAGAR ATAGAARAAT TAAGATTAGA TATAGAAAML CAAGTAGAAR GABATATTCT TTTAARAGCT ARGGCTARAC
ATTTTATCTT TATCTITTTA ATTCTAATCY ATATCTITIT GTTCATCTTT CTTTATAAGA AAATTTTCGR TTCCGATITS
’3 a i, " L) L S B e e osee! v e > ;. . .
-1 L1 & I 8 F N LNS I SF C TS L F 1 RKFAILALC
ORF4
ORF3
{3 Q@D E LN K RET L KL E FE L KEK L {E K EKE
2401  AGCAAGATGA GITAAACAAG AGAGAGACAC TAAAACTAGA ATTTGAACTA ARAGAAAAAT TAATAGAGAR AGAARAAGAG
TCGTTCTACT CAATTTGITC TCTCTCTGTG ATTITGATCT TAAACTTGAT TTTCTTTTTA ATTATCTCTT TCTITTTCTC
-3 i 'y ¥ A x. X, § W WD W WY VSN SR SIS SUNDIY WUPIISIIN ORI SR TR NS SO WSS BY §
-1 CC S 8§ NF L L SV 8 F S 8 N8 S F SF N ! S F S8 F ss
ORF4
ORF3
+3 LERF KT T EQ A KR ERE K EL E KLK QQETH
2481  CTAGAGAGAT TTAAAACAAC CGAACAAGCA AAACGAATAG AARGAGAGAA AGAGTTAGAA ARATTAAARC AAGAAACTAT
GATCTCTCTA AATTTTGTTG GCTTGTTCGT TTIGCTTATC TTTCPCTCTT TCTCAATCTT TTTAATTTIG TTCTTTGATA
-3 s K. A a LY 2 A. " a s 2, X X vy . LY. & Y n A. 2. -t
4 88 L N LV V 8 CATF PRI 8 LS F SNBSS F NF C SV I
QRF4
ORF3
+3 IE K M KK ! T I 1 8 DP L VFHPDP 1 I DN LMRE
2561  AGAARAAATG AARRABATCA CAATCATTAG TGATCCCCTT GTTTTTCACC CTGRCCCTAT TATTGACAAT CTAATGCGTG
TCTTITTTAC TTTTTTTAGT GITAGTAATC ACTAGGGGAA CAAAAAGTGG GACTGGGATA ATAACTGTTA GATTACGCAC
3 i .
4 S F { F F I VvV 1 M
ORF4
Hingll}
SAAAAAAAANY
3 ERH N NR K LK1 EKE Q@ KE K TaQ@ K SY V KSM
2641  AGAGACATAN CAATAGAMAG CTTAAGATAG AARAAGAACA GAAAGAAARR ACTCAACAAR AMAGITATGT AMAGAGCATG
TCTCTGTATT GTTATCTTTC GAATTCTATC TITTTCTTGT CTTTCTTTTT TGAGTTGTTT TTITCAATACA TTTCTCGTAC
ORF5
+2 VV K KT L HRV F NL A TW L LAL L GL L F LW
2721  TAGIGGTTAA AARAACATTA CATAGAGTTI TTAATCTIGC TACTTGGCTG TTAGCTCTIT TGGGGCTATT ATTITTATGG
ATCACCAATT TTITTGTAAT GTATCTCAAA AATTAGAACG ATGAACCGAC AATCGAGARR ACCCCGATAA TARRAATACC
ORF5
+2 HY I Q VE L KP E GCG K RF L GL F LI KV EDF
2801  CATTACATAC AAGTAGAATT AAAGCCTGAA GGCTGTGGTA AGCGGTTTCT TGGATTATTT CTTATCAAAG TAGAAGATTT
GTAATGTATG TTCATCTTAA TTTCGGACTT CCGACACCAT TCGCCAAAGA ACCTAATAAA GAATAGTTTC ATCTTCTAAR
ORFS
2 -FE G L K Y { P KK RRI!I E | QK A EQ E LE E L KOQK
2881  TGAAGGACTA AMATATATCC CTAAAAAACG TCGTATAGAA ATTCAAARRG CAGRACAAGA GTTAGAAGAG CTAARACAAA
ACTTCCTGAT TTTATATAGG GATTTTTTGC AGCATATCTT TAAGTTTTTC GTCITGITCT CAATCTTCTC GATTTIGTTT
ORF5
#2 ‘KN K R LE K EMK D KH Q@ KE L DKQ@ E EL R QE !
2961  AAAATAAACG CTTAGAARAA GARATGAAAG ATAAGCACCA AAAAGAATTA GACAAACAAG ARGAATTAAG ACAAGAAATC
TTTTATTTGC GAARTCTTTTT CTTTACTTTC TATTCGTGGT TTTTCITAAT CTGTTIGTTC TTCTTAATTC TGTTCTTTAG
ORF5 ORF6
+2 N R L E VLS T KB5T D NY D KV M DYKE LLE
3041  AATCGTTTEG AGTAGCATRT GTTATCTACA AANTCTACCG ATANCTACGA CAARGTGATG GATTATAARG AATTGTTAGA

TTAGCARACSC TCATCGTACA CAATAGATGT TTTAGATGGC TATTGATGCT GTITCACTAC CTAATATTTC TTAACAATCT
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ORF6

+2 -EF D D YAMD LT | RMAHHNGSAMETGNNILTLG
3121  RTTTGATGAT TACGCTATGG ATCTGACCAT TCGCATGGCG CACCACAACT CCGCTATGGA GGGCAACAAC CTGACTTIGG
TAAACTACTA ATGCGATACC TAGACTGGTA AGCGTACCGC GIGGTGTTGA GGUGATACCT CUCGTTGTTG GACIGARACC
ORF6
#2 66D T M 51 L I DRK TP I K8 V S LDEVHE | EN
3201  GCGATACGAT GAGTATCTTA ATAGACAGAA AGACCCCTAT CAAGTCGGTG AGCTTAGATG AAGTGCATGA GATAGAAAAT
CGCTATGCTA CTCATAGAAT TATCTGTCIT TCTGGGGATA GTTCAGCCAC TCGAATCTAC TTCACGTACT CTATCTTTTA
ORF6
2 YRNTF VP L | L EFLERTDEK |t I DEHLI GYFH
3281  TATCGCAATT TTGTTCCCCT TATTTTAGRA TTTTTAGAGA GAGATAAGAT CATAGATGAR CATTTGATTG GCTATTTCCA
ATAGCGTTAA AACAAGGGGA ATAARAATCIT AARAATCTCT CTCTATTCTA GTATCTACIT GTAMACTAAC CGATARAGGT
ORF6
42 'HS V L MRN | LPDFG K FKTTJVYNTETI1I G AKKP
3361  TTCTGTTTTG ATGCGTAATA TCCTGCCTGA TTTTGGAAAA TTCARAACCA CTTATAATGA GATCATAGGG GCTAAAAAAC
AAGACAAAAC ‘TACGCATTAT AGGACGGACT AARAACCTTTT ARGTTTTGGT GARTATTACT CTAGTATCCC CGATTTTTTG
ORF6
2 ‘PTA 8 P11 M VQPR I NNULCILTZEKIOQDTEALLNIL
3441  CAACTGCAAG TCCAATAATG GIGCABCCTA GAATCAATAR TCTGTGTTTG AAAATACAAG ATGAAGCGCT ATTGAATTTG
GTTGACGTTC AGGTTATTAC CACGTTGGAT CTTAGTTATT AGACACAAAC TTTTATGTTC TACTTCGCGA TAACTTAAAC
ORF6
+2 S DE E KI K K1 A EHH I EF E Et HPFS D GNG
3521  AGCGATGAAG ARARAATAAA AAAGATAGCA GAACACCACA TAGABTTTGA AGAGATCCAC CCTTITAGTG ATGGCAATGG
TCGCTACTTC TTTTTTATTT TTTCTATCGT CTTGTGGTGT ATCTTARACT TCTCTAGGTG GGARAATCAC TACCGTTACC
ORF6
2 GRT 6 RAL MFY Q TI K ANL T PF V I E V 8ARS
3601  TCGCACAGGA AGAGCCTTGA TGTTCTACCA AACCATAMAA GCTARTTTAA CACCCTTTGT GATTGAAGTA AGCGCTAGAA
AGCGTGTCCT TCTCGGAACT ACAAGATGGT TTGGTATTTT CGATTARATT GTGGGAAACA CTAACTTCAT TCGCGATCTT
ORF&
2 SEY M HA MREQDTNTULV G I I KNIC COQIK KE L
3681  GCGAATACAT GCATGCTATG AGGGARCAAG ACACTAACAC CCTAGTTGGC ATCATTAAGA ACTGCCAAMA ARAAGAATTA
CGCTTATGTA CGTACGATAC TCCCTTGTTC TGIGATTGTG GGATCAACCG TAGTAATTCT TGACGGTTIT TTTTCTITAAT
ORF7
ORF6
2 E K I E RY A Al L KEMRAANTFS V KKT,
3761  GAARAGATTG AGCGATACGC TGCCATTTIG ARAGARATGC GAGCAGCARA TTTTTCTGIC AAAARAACAT GAGCACTTGA
CTTTTCTAAC TCGCTATGCG ACGGTAAARC TTTCTTIACG CTCGTCGTTT AMMAAGACAG TTTTITIGIA CTCGTGAACT
3 FF M LV QF
....«”2 raermncie )
ORF7
ORF2
+3 M I D K LI E K LNWHERK
3841  AMAATTAGTT CAAGAAACAC TACCACTAGG AAAACACCAT GATTGACAAA CTCATAGANA ARCTGAATCA CGAAAGAARG
TTITAATCAA GTTCTTIGIG ATGGIGATCC TTTTGTGGTA CPAACTGTTT GAGTATCTIT TIGACITAGT GETTTCTITC
3 FI L E LF V VVLF VG HNV F EYFF Qt V F S L
I e
ORF7
ORF2
<3 N ALl K NG I YH L I @I K F S8 Y NS NRIJIE G S GL-
3921  ARTGCTATCA AAAATGGCAT TTACCACCTG ATCCAAATCA AATTTTCTTA CAATTCTAAT CGCATTGAGG GAAGCGGTTT
TTACGATAGT TTTTACCGTA ANIGGTGGAC TAGGITTAGT TTAAAAGAAT GTTAAGATTA GCGTAACTCC CTTCGCCARA
3 | $SDF | ANVVY QDLDF KRV I R I ANLSATA Q
-2
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ORF7
ORF2

LT Y E QTA H

+3 | F D Ks$ V LI TEKNANI K LDDI
4001 GACCTACGAA CAARCCGCTC ATATTTTTGR CAARTCGGTT CICATAACTG ARARARACGC CAATATCAAA CTTGATGATA
CTGGATGCTT GTTTGGCGAG TATAAAAACT GITTAGCCAA GAGTATTGAC TTITITTGCG GTTATAGTTT GAACTACTAT
3 Q6 V F LGS M NK VYV FRNEYS F FV G I DF K I I N
2
ORF7
ORF2
+3 4 F E T ! NH FECV NHILLE S8 YQE P LS L EYF
4081  TITTTGAAAC TATCAATCAT TTTGAATGCG TGAATCACTT GCTTGAAAGC TATCAAGAAC CTTTGAGTTT AGAATACTTC
AAAAACTTTG ATAGTTAGTA AAACTTACGC ACTTAGTGAA CGRACTTTCG ATAGTTICTTG GAAACTCAAR TCTTATGARG
-3-NKFSDIMKFAHIVQKFAIL.
2 '
ORF2
+3 KT L H K1 L KK NTCSDEVI G GF K KRP N F VG
4161  AARACTTTAC ACAAAATCIT GAARAAGAAT TGTTCTGATG AAGTTATTGG TGGTTTCAAA AAACGCCCTA ATTTTGTAGG
TTTTGARATG TGTTTTAGAA CTTITTCTTA ACAAGACTAC TTCAATAACC ACCABAGTTT TTTGCGGGAT TAAAACATCC
ORF2
43 -GN S A T TRUP QL V ES E LTNL VK NUYQS NLTEYV
4241  CARTAGCGCC ACAACAAGAC CCCAARTTAGT TGAAAGCGAA TTGACAAARTC TTGTGARAAA TTACCAAAGC AACCTTGAAG
GTTATCGCGG TGTTGTTCTG GGGTTAATCA ACTTTCGCTT ARCTGTTTAG RACACTITTT ARTGGTTTCG TTGGAACTTC
ORF2
+3 VS8 L E N I |+ DF H V AF E KI H PF S8 DGNGIRVG
4321  TGAGTTTGGA AMACATCATA GATTTTCATG TGGCTTTTGA AAAGATACAC ‘CCTTTTAGCG ATGGCAATGE TAGGGTGGGS
ACTCAAACCT TTTGTAGTAT CTAAARAGTAC ACCGAAAACT TITCTATGIG GGAAAATCGC TACCGTTACC ATCCCACCCC
ORF2
+3 R LV M F K E CL K NNIT MPF |+ |' ENEHIKAFYY
4401  CGATTAGTGA TGTTTAAAGA ATGTTTGAAA AACAATATCA TGCCTTTCAT CATAGAAAAC GAACACAAAG CCTTTTACTA
GCTAATCACT ACAAATTTCT TACAAACTTT TTGITATAGT ACGGARAGTA GTATCTTTTG CITGTGTTTC GGAAAATGAT
ORF2
+3 YR G | KEY D NTKGY L KDT I LQ 8 QD N F NEM
4481  CAGGGGCATC AAMGAATATG ACAATACAMA AGGCTATTTG ARAGACACCA TTTTGCAAAG TCAAGACAAT TTCAATGAAR
GTCCCCGTAG TTTCTTATAC TGTTATGTTT TCCGATAARC TTTCTGTGGT AAAACGTTTC AGTTCTGTTA AAGITACTTT
ORF2
3 MV S Y F F C E‘
4561  TGGITAGCTA TTTCTTTTGC GAATGAMAGG ATTTTTICGC TCATATTTIC GTTTTGAGCG TTTTITITCG TGCTAGIGES
ACCAATCGAT AARGAAAACG CTTACTTTCC TAAARARAGCG AGTATAARAG CAARRACTCGC AAARAARAGC ACGATCACCC
ORF8
o r—rvr——e
4641 TAATTTGTC GGTTTTTTGT TTTTCGTTGG TTGTAGGCGA TTTTAGATAG CAAATCGTGT GATTGAATAT GTTAAAGTTT
TATTAMACAG CCAAAAMACA ARAAGCAACC AACATCCGUT AAMATCTATC GTTTAGCACA CTAACTTATA CAATTTCAAA
-3 S S |
. S LK
CRF8
4721  TACTTTGTAT AGGAATACAC ATGTCARAAT AAGCGTGGAT ACABAATGTA CAGCGATAAC TATAGTCGGA GAAAAAATAA
ATGARRCATA TCCYTATGTG TACAGTTTTA TTCGCACCTA TGTTTTACAT GTCGCTATTG ATATCAGCCT CITTTTTATT
-3 LU S SR [ PR SRR R SO ] N AR A B SN SR EN VR SR S RPN P POV PR - ST - —
4 VKY L FV €CT1L I LTS V FHV AI V I TP S F IL:
CRF8
4801  GTAGCTCCAR ACTTGTTATG CCTAAAATAA TAACAGAAAT TACTCGTGAG ACACTAGATT TTAGAGAAGT AAGGGATGAG
CATCGAGGTT TGAACAATAC GGATTTTATT ATTGTCTITA ATGAGCACTC TGTGATCTAR AATCICTTCA TTCCCTACTC
]

- N »

e

vV S

S S

Il VRS V 8§88 K L § T

[T U -

L 8 81
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ORF8

4881  ATTTTCTCIT TACTGACATA AARGAGAAAAT TGATAACTTA CAATARZATC TATGTATGTA AACABGGCAA CACTGAGTAT
TARARGAGRA ATGACTGTAT TTCTCTTTTA ACTATTGAAT GTTATTTTAG ATACATACAT TTGTTCCGTT GTGACTCATA

[ a. s 2, ’ x t At 1 .. " i i x A 2 " x s - |

4 1K E K S8V Y LS8F QVYS V IF D I YTF LA V s LI

ORF8

4961  ATAGGCACTA ACAAATAGCA ATATGTTCAT ACTTAGCAAC AGTGCACTAG CAAGTCCAAT CARARAGATC ATGGTAATAG
TATCCGTGAT TGTTTATCGT TATACAAGTA TGAATCGTTG TCACGTGATC GTTCAGGTTA GTTTTTCTAG TACCATTATC

. 2 i , 5. " 5 % " i

4 YA S V FL L I NMSLLLASALG I LFI MTI1IT

ORF8

EcoRi

WA
5041 TCATATATCG GTTATACGAG TTGGCGTTAC AARAATGAAC GAGAATTCCT ATAACTTGAR ATGAGATATA AAATATAAAC
AGTATATAGC CAATATGCTC AACCGCAATG TTTTTACTIG CTCTTAAGGA TATTGAACTT TACTCTATAT TTTATATTTG

N » x o FU— " a x i LU ST S SR S

4 -TMY R NY S N AN CFH UV LI 6t VQ F S§1 Y F I FL

ORF8

5121  AAGTAGTTTT CTGTAATTTG TTTGTCTAGC AAGTAGGCTT GCCATAATTG AAMATGACTT TGAAAARAAGA TTTGCAARAT
TTCATCAARR GACATTAAAC AARACAGATCG TTCATCCGAA CGGTATTAAC TTTTACTGAA AGTTTTTTCT ARACGTTTTA

-3
4 LY N E T I Q KDL L YA QWL Q FHS QFF t+ QL I

ORF8

5201  TAGACTGAGT AARATTAGAT TTTTAAGAAG TGGITTATCT TTTAGCTCTC TAARACTTTC CCTTACATGT TGTTTTAATA
ATCTGACTCA TTTTAATCTA AARATTCTTC ACCAAATAGA AAATCGAGAG ATTTTGARAG GGAATGTACA ACAABATTAT

O 5 B ~ » L x N N

4 L s L L 'L N KL L PKDI K LER RV FSERVHQQIKILI!

e SRES

5281  TCTGAAACTG TTGATTTITT TCTAGITTAT GAGAAGAATC ATCTTTAAAR AATAARATAA TGACCAAAAG GCACAGCAAT
AGACTTTGAC AACTAAARAA AGATCAAATA CTCTTCTTAG TAGAAATTTT TTATTTTATT ACTGGTTTIIC CGTGTCGITA

2 4 2. P’ i X x X x

1 JQF @ QNK E LK HSS DDKF F LI 1 VL L CLLT

ORF8

536)  GTAAGTAAGA CTGATATGTA GTACATAGAG ACACCATATT TTAAATACAA GARACGAGCCT GAACAACTTC CAATTATCAA
CATTCATTCT GACTATACAT CATGTATCTC TGTGGTATAA AATTTATGTT CTTGCTCGGA CTTGTTGAAG GTTARTAGTT

[ - - ’ . " x .

4 TLL VS ¥ YMS VGY K LY L FSG6 S5 Cs ¢ 1 1L

ORF8

5441 CCCTATAAAA CTGATTTGGC GACTTTTAGC AATAAATGGT GATARATCIT CTTITTGGTC TITGATGITG GTAATGAGAG
GGGATATTTT GACTAAACCG CTGAAAATCG TTATTTACCA CTATTTAGRA GARAAAACCAG AAACTACAAC CATTACTCTC

[ R S SR X « a PR \ FO— - n . x. X n LSRR S S ]

4 6 I F § | @ R 8§ K A I FP S LD EKAQDI KINT I LT

QRF8

Xbal

N VWA
5521 TGGCATCAAT GGTACCTGAG TCTAGAGCGT TTGATAACCC ATARATACCC CATGCTAGARA CCATACTAAC AAAGCTGTCT
ACCGTAGTTA CCATGGACTC AGATCTCGCA AACTATTGGG TATTTATGGG GTACGATCTT GGTATGATTG TTTCGACAGA

-3
SR PURY S Sk e

4 TAD I TGS D L A N S L

I G W AL V MS V F S DL

G Y

ORF8

5601 AACCATAGGA CACAAAAAAA GCTACACACT AGAACTAATT TTGAAACGAT AAAAAGCATC TTTCTATTTA TTARATCTGC
TTGGTATCCT GTGTTTTTTT CGATGTGTGA TCTTGATTAAR AACTTTGCTA TTTTTCGTAG AAARGATAAAT AATTTAGACG

o “ B ; P . x 1 PR L SO ST MUY S BT Yo T USIURE SRR SU BRI S RO |

-1‘LWLV”CF"_’FHSCVLVLKSVIFLMKRNILDA
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ORF8

5681  TAACACACCA CTCGGGTATT CTGAGAGTAA AACACACAAAL CTGTAGGTGG CTTGTATGAT CATAATTTGA CTTARTGATA
ATTGTGTGGT GAGCCCATAA GACTCTCATT TTGTGTGITT GACATCCACC GAACATACTA GTATTARACT GAATTACTAT
-3 L ] x. x A x . x = x. n ,< A v . . V- s A .
-1 LveGs$ PY ESsSLLVCL S§8YT AQ!I | M1 Q s L SL-
ORF8
5761  ATCCTTTATT GAGCAATAART GGTGTTAAAR TGGCATGTGG CAAAGACTGG GCAATGACAA GTAGIATCGT TGCACAGTAA
TAGGAARTAA CTCGTTATTA CCACARTTIT ACCGTACACC GITTCTGACC CGTTACTGTT CATCATAGCA ACGTGTCATT
-3 [ A ) Y rl — kT x X x. a. 8
4 L6 K N LLLPTL I AHPLSQA IV L LI TACYY
ORFB ORF9
5841  TARGAGAGTA TATTTACTTT TAGTGITITG TTCATATTAR GARACTCTAT AAATTACGAT TAGAGCARAA TACACATITA
ATTCTCTCAT ATAAATGAAA ATCACAAMAC PAGTATAATT CTTTGAGATA TTTAATGCTA ATCTCGTTTT ATGTGTAAAT
-3 i [ &, 3 .
2 L NR N SGCF VCKY
4 YS L I NV K LTKNM A
ORF9
592]  TARTCTACAC TAGATGGCAA AGTGTATGTT TTGAAAGITT TGTTGTCAAC TCCGAATCGG CAGTTAAGGG ATTTTATGGA
ATTAGATGTG ATCTACCGTT TCACATACAA ARCTTTCAMA ACAACAGTTG AGGCTTAGCC GTCAATTCCC TAAAATACCT
2 YDV 5§ 8 P L TYTKFTKNDV GFRCNL S KIS
-1
ORF9
6001  ATTARARTCA TTAGACATAA ATTGTATAAT ATCTGARATT GCTAGGCTAG ARGCGATAGA GITATTTAAA AARACTTGATG
TAATTTTAGT AATCTGTATT TAACATATTA TAGACTTTAA CGATCCGATC TTCGCTAICT CAATAAATTT TTTGAACTAC
2 NFDNUSMEF Ql | DS1 A LS S AI § NNL F §S8FP
-1
ORFY
Xbal Xkbal
- WAMAAN MAAMAAY
6061  GTGCTTGCAT GCGGTCATTIT ATAAGACATA TGTCTAGATT TICATCACCG TCTTTTITAT CATCTAGAGC AARACTATTA
CACGAACGTA CGCCAGTAAA TATTCTGTAT ACAGATCIAA AAGTAGTGGC AGAMAARATA GTAGATCICG TTTTGATAAT
2PAQ MRDN I LC 1 DL NEDGUDKEKDUDLAFSNH
-1
ORFS
€161  TGACAAADAG GACAACAAGA CAATGARGGG ATATARARAG GACCAATAAG RGATATGTCA TTTARATAGC CAATATTTAA
ACTGITTTTC CTGITGITCT GITACTICCC TATATTITIC CTGGITATTC TCIATACAGT APAITTAICG GITATAAATT
2 HCF P CC S LSP I YF P G L 81 DNLY G I NL
-1
ORFS T
€241  AAATGGAATG CGACACTTAC AAARBAATCT TGITGCCAAT TGCACTGTGT TTGGATTATC TCCAGARACA ATTCCARACA
TTTACCTTAC GCTGIGAATG TTTTITTAGA ACAACGGTTA ACGIGACACA AACGTAATAG AGGTCTITGT TAAGGITIGT
2 FPI R CK CFF RTALOQVT NPNUDGSV | GFL:
-1
ORFg
€321  AATTTTCTTT TTTATGTITA GAAARRATTT CTTCAAGATT GTCTTCACTA GCAAAATCAT CTACTGTCTC AATATIGATA
TTAMAGAAA AAATACAMAT CTTTTITAAA GAAGTTCTAA CAGAAGTGAT CGITTTAGTA GATGACAGAG TTATARCTAT
2 LNE K KHK 8 F 1 E EL NDES A FDODUVTE I NIS
ORFQ

6401

.2

CTAAATCTAC TAGAAAGAGC CTGCTTTATG GCAGATGTTT TATATTGTGA AATGTAATTC TTGTCAAACA AGAACTGGCG
GATTTAGATG ATCTTTCTCG GACGAAMTAC CGICTACAAR ATATAACACT TTACATTANG AACAGITIGT TCTTGACCGC

‘S§F R & & L A

QK I A ST

K Yy Q §

I'Y N K DF L F QR

-1
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ORF9

GTTAAGATTA CTGRAATCAA CAGTATCCTT ATCTRACAAT ATTAGTTTTT TTGGATARRA ACTTGCTARA GCATAGCTTA
CARTTCTAAT GACTTTAGTT GTCATAGGAR TAGATTGITA TAATCAAAAA AACCTATTTT TGAACGATTT CGTATCGAAT

6481

2 NLNS FDV TDKODLL I LK IKWPY F SAL A YSYV
-1
ORFS
6561  CARAATTTCC AATACCCCCA CAACCAATAA TGATGABAAT AGTTCTTTTA AAATTATCTA TTGTTAGTTC TGGTTTACTT
GITTTAAAGG TTATGGGGGT GTTGGTTATT ACTACTTTTA TCAAGAAAAT TTTAATAGAT AACAATCAAG ACCAAATGAR
2 VFN G I GG C G611 | I F I TRK F ND t T L E PKSS
-1
ORF9
6641  GACATTAGAT CGATAAACAG GTGATTCTTA AAGTTTTGTT CGTCATTTGG ATTTAATATG AATGATGTAAR TAARGTTTATT
CIGTAATCTA GCTATTTGTC CACTAAGAART TTCAAAACAA GCAGTAAACC TAAATTATAC TTACTACATT ATTCAAATAA
2 SML D} F L HNKF NQEDNUP NLI F ST | L KN
B
ORF9
6721  GGCAACTAGC TTGTCAMAAR TATTATGTTC TATTTTGCTA GTTTCCATAA AACTTTTTAT CTCAGCCATT CTTTTCTTCA
CCGTTGATCG AACAGTTITT ATAATACAAG ATAARACGAT CARAGGTATT TTGAAAAATA GAGTCGGTAA GAAAAGAAGT

2 AV L K DF |
-1

NHE I KS TEMF 8K I EAMR KKM:

ORF9

TTCTCAGARA ARCCAAGAGT TTCAGTGATT TCTCARATTC ATTATGATCA ACGCAATACT GATATGITCC AAGACCAATA
AAGAGTCTTT TTGGTTCTCA ARGTCACTAA AGAGTTTAAG TAATACTAGT TGCGITATGA CTATACAAGG TTCTGGITAT

6801

2 MR L F VLL K LS KEF ENHDV CY QYT G LGII
L -1
ORF9
BBEL  ATATTITCTG TATCTGITTG ACCAACACAT GCACTARAAC TAGTTTGATA CCACTGCACA AATAACCTIT CTTGAATAAC
TATARARGAC ATAGACAAAC TGGTTGTGTA CGIGATTTIG_ATCAPACTAT GGTGACGIGT TIATTGGARA GAACTIATTG
2 UNE T DT Q GV CASF S§TOYWQV F LREG Q! YV
-
OREY
5961  CAACTCTACT CCGATAARAC TTTGAACART TACACTCTAA AATAGAGTGC AARATTTITC AATTTAATTA CGGTATGACK
GITGAGATGA GGCTATTTTG AAACTTGTTA ATGIGAGATT TTATCICACG TTTTAAAARG TTARATTAAT GCCATACTGT
2 L
—
-1
7041 ATTTCATGGC TTACTCCTTT TATAACTTAR AAATTACGGR ARTGATARCA TAATTATGAT TTTTTTATTA CTGATTACAT
 TAARGTACCG AATGAGGARA ATATTGAATT TITAATGCCT TTACTATTGI ATTAATACTA AAAARATAAT GACTAATGTA
71Z1  ATTCGTARTA ATATTTTTTG TAGTTTGGGT ATATTTTACA CGATARAGCG TCACTAAAGT AATTTTTAAA TATATAAARA
TARGCATTAT TATAAAAAAC ATCAAACCCA TATAAAATGT GCTATTTCGC AGTGATTTCA TTAAAAATIT ATATATITIT
ORF11
ORF10
7201 ABATTTTTTA ATCCTTATCT CCCATACCCA CGACTATAAT TTCTCTCGIT TTCTATITTT TGATTGTGTT CTCTARTCTT
TITARAARAT TAGGAATAGA GGGTATGGGT GCTGATATTA AAGAGAGCAA ARGATAAAAA ACTAACACAA GAGATTAGAR
3 R GYGR SY NRE NTETIKOQNHTERIK
.2 ( L Y S e S A " A
ORF11
ORF10
7281 TCTATCCAGC TGTATTGITT TTGTATGAAG TTCTCTTGTT TCTTGTTCCA TTCGTTTTGA BAMTCGTICA TCTGCICTTT
2GATAGGTCG ACATAACAAR ANCATACTTC ANGAGAACAA AGAACAAGGT ARGCAAAACT TTTAGCAAGT NGACGAGARA
3 RDLQ I T KTHULERTEQEMREKS FRE D ARDQ
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ORF11
ORF10

7361 GAARGRAGTC TCTAATTCGT TCTTTTGTGT CICTGTAGRT GITTTTAATT GCATTAATTG CATCTCGTGT TCTTGCATAR
CTITICTTCAG AGATTAAGCA AGAMAACACA GAGACATCTA CAAAMATTAA CGTAATTAAC GTAGAGCACA AGAACGTATT

3 QF F D RIRTEKTDRY | NKI1 A NI ADRTRATYL
.2111- N S | PN Y X X A L SN I Y R IR WP S P T S S PR 3
4 FSTELENIKQTTETSTA KL QML QMEHTEQMF
ORFT
)} ORF10

7441 AGGTTGTGTA GGATTGTTCT AGCTCTTGCT TGAGCGTTGT TTCTAAAATC TCTBACTGTG TTTTCAATTC TTTGTATTGA
TCCRACACAT CCTAACAAGA TCGAGAACGA ACTCGCAACA AAGATTTTAG AGATTGACAC AAAAGTTAAG AAACATAACT

3 LNH L I T R ARA QANNRFDRVTNEI ROQI!I S

.2'sx| S S S | T Y R X R e, G SO TSR JE—— b ———)
4 FT T Y S§0QE L EQ K LT TELILIE LQTKLE KYQA:-
ORF11
ORF10

7521  GCTTGIGARG TCTCTTGCIC TTTGATTTGA ACGCTCTGTA ATICTTGCTG TARAATCIGT. TCGCACATTG TCTGTARATC
CGAACACTIC AGAGAACGAG ARACTAAACT TGCGAGACAT TAAGAACGAC ATTTTAGACA AGCGIGTAAC AGACATTTAG

3 8TF DRAR QN S RET ¢! RA T FDTIRVNDTFR

-2‘1 PR L ¥ x

4 AQ S T EQ E K1 @V s8Q L EQ QG LI Q ECMT QLD
ORF11
ORF10

7601  GITTTTGAGC GIGATTTCTT TCTGITCTAA GGTTTGTATC ACTIGCTTTA ATTCGGCTCT CTCTGICGTT TCTAAGGATT
CARARACTCG CACTAAAGAA AGACAAGATT CCAAACATAG TGAACGAAAT TAAGCCGAGA GAGACAGCAA AGATTCCTAR

3 RKQ A HNR E TR L NT D SAK t RS ERDNRLIS

4 NKL T | E KQE LTQ1l VQK LEARETTETLSQ
ORF11
ORF10
7681 GAARITTCTT TAGTAGCGTG TTGTGIGTTT GAAGTAGCGT TITGTAGCTC TCTTTCABAT TTARGGITTC TGTCICTAAT
CTITAAAGAA ATCATCGCAC AACACACAAR CTICATCGCA AARCATCGAG AGRAAGTTTA AATTCCAAAG ACAGAGATTA
3 81 E K TA HQTNUSTANOGGLEREF K LNR DRI

2

4 QF K K L LT NHT QLLTKYSET KLNLTETEILK
ORF11 i
ORF10

7761  TTCAAGTAAT CGTTGCTTAA TTTTTGAAAT TCTGCTATAA CTTTCTCTAG CTTGATCAAT AGCTCGITTC TGICGTTCTC
AAGTTCATTA GCAACGPATT AAAMACTTTA AGACGATATT GAMAGAGATC GANCTAGTTA TCGAGCARAG ACAGCARGAG

3 ELLRQKT I KS | RSY S ER A QD ! ARK Q RER
-2 LSS NS ONRSR SN WS S J— 2. A x L ) A T ‘ 0 3 A o L x. % IR Y S S B
______ 4 KLY DNS L KQF E A1 V KE L KI L LENTRUDNE
ORF1 1
ORF10

7841  TAAACTCGCT ATCTTGCTGT TCTTTGCTTG TAGTAAGCTC TCTTTCTCGT TCTGCAAGTT CTCTACTTCT TTGATTAAAA
ATTTGAGCGA TAGAACGACA AGAARCGAAC ATCATTCGAG AGAMAGAGCA AGACGTTCAA GAGATGAAGR ARTTTT

3 RFE S DQQ E KS T TLEIRERTEALERSRIOQNTFEC

L B » X "

LsA LK E N KAQLLS EKX

U S SR S

E N QL N EVE K | LV
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_ ORF11 ORF12
ORF10

7921  CATTCTGTAG CTTGTTTARG TATTCGTTCT GCATTTITTC TCCTTATTTC TTGGTCGGCA TIGGTTGGTA AARTCTTTGC
GTAAGACATC GAACAAATTC ATAAGCAAGA CGTARMAAAG AGGAATAARG AACCAGCCGT AACCARCCAT TTTAGARACG
3 .CET A QK L { RE ANK RRI E QDANTP L | KA
-2 I8 i X . g 4. x A e - ] 1 'y 2 s . A. 5. 2
4 VN Q L KNL Y ENQGQM K K TP M PQY FROQL
ORF12
ORF10
8001  AGATTGGCAT TGTTTAGITG GTCTATTTCT CGTTTTAACT GAAAGACTTC TTTCTGTGAA AGCTCTAATT CCTTGTTCTT
TCTARCCGTA ACAAATCAAC CAGATAAAGA GCARAATTGA CTITCTGARG AAAGACACTT TCGAGATTAA GGAACARGAR
3 $§QC Q KT PRNI RTKY 8 LS RETF AR 6 QEAQ
'2 1 R, X A A A 2, X Iy i , o i A ) i A .
4 LNA N NL Q@ DI/ ERKLQFV E KQQS L EL E KNK
ORF12
ORF10
8081 GTAGGGCAGA ATGATGAGGA AGTATGCCCC TACTAATATT GCCCCCATGA TGACTAATCC CATGATGAAR GTTAGGGGCA
CATCCCGICT TACTACTCCT TCATACGGGG ATGATTATAA CGGGGGTACT ACTGATTAGG GIACTACTTT CAATCCCCGT
3 QLA 8 HHP L I G RSI NGGHMH SI!I G HHF NPARN
-2 1 . A A A, . A » - e " . 1
4 YPL + VL F YA GVLI A GM I VL GMIF T L PM
ORF12
ORF10
5161 TTAGTAAGGA TTTCTTGGCT AGGTTCTTGT GGATTTGITY CTCTAGCTCT TGTAGTTTCG TITGCATGGT TTTGITGTGT
AATCATTCCT AMAGAACCGA TCCAAGAACA CCTAAACAAR GAGATCGAGA ACATCAMAGC AAACGTACCA AAACAACACA
3 'NT L ¢+ EQ 5 PE QP NT ERARTTENAHNQQOQT
.2 Ve M B LW i ualh 2 9. 1 Ramstustn wancll imymrr wall 2 CSNUSIRS 3 4. X} A raedfcaron 3 s E I— Y )
4 ML L S KKA L NKH 1 QK ELE QLK T QQMT KNHE
ORF12
ORF10
3241  TCTTTGITGG CTGTCTCIAT CTCTAGGTAG CTGTTCTTTA AGCTCTCTTG GGTICTTTTGA AGTAGATTGA TGTAATTITT
AGAANCAACC GACAGAGATA GAGATCCATC GACAAGARAT TCGAGAGAAC CCAGARMACT TCATCTAACT ACATTAAAAA
3 ROQ S DR DRP L QEK L ERUPDIK S TSQHILEKE
'2 [N JENDY SRIT IFPRIUGIY MV SRR NSPYUIVr" PRSI THUVPRIN WIIUPUUN VISP s SENEPRF JSESIPRIEE DUSHE UG SESUSUN NP S NI " R PR — & .on .
-1-EKN_/_\_TEIELYSNKLSEQTKQLLNIYNK
ORF12
ORF10
8321  CATAGTAGCG TTGTTTGTAT TCAATGTGTC TGTGTAGCTT GTTTTCAAGC TCTCGCARAR GTTCTGCGTG ATTGCCTCTA
GTATCATCGC MACAARCATA AGTTACACAG ACACATCGAA CAAMAGTTCG AGAGGGTTIT CAAGACGCAC TAACGGAGAT
3 EYY R @GKY E I HRHL K NEULEI RLLTEAUHNGRD
2 L . s s, A . B s T e PR PR
.t MTANNTNILTDTITYS T KL S ECTFNAQT | AEI
ORF12
ORF10
8401  TCTCTTTGAT TATTTGGGTA TTCTCGTTGH CTCICTCGCT GTCTARCTTC GCTAAGTTGC TCTCTAATGT CTGCAATAGT
AGAGAAACTA ATAAACCCAT AAGAGCAACC GAGAGAGCGA CAGATTGAAG CGATTCAACG AGAGRTTACA GACGTTATCA
3 DRQ N NP Y ERQ S ER QRV E SLQEU RI DAIT
2

S S S

PVEK 11T N ENARE S5 DL K A LN S EL T QL LE

continued on next page

46



CRF12

ORF10
8481  TCTARATGTT TCATGGTAGT AAAATCCTTT CAATCGTITG ACTTTAGGTT CGTTGGGTAG CTTGACACTG ATATARATCCT
AGATTIACAR AGTACCATCA TTITAGGAAA GTTAGCAAAC TGAAATCCAA GCAACCCATC GAACTGTGAC TATATTAGGA
3 RFTEHY Y FG KLRKJVI KPTENPTLZEKVS | YDK
—2 L WVSIE SOV SN NI N
4 EL H K ™M
ORF10
8561  TGCCTTGTCT AGTAACTTICA CACTGATTAC TTTTTAARAA ATIGATGATG TCCTCTCGGC TGTTAAATAA CTTTCCTAAG
ACCGARCAGA TCATTGARGT GIGACTAATG AAAAATTTTT TAACTACTAC AGGAGAGCCG ACAATTTATT GARAGGATTG
3 K6 Q R TVEC QNS KLTFNII1I DER S NF L KGLN
2
ORF10
8641  TTGTCTTGTA TGAGCTTGTC TAGTTTTTCA TAGGTTGCTA ARAGTTCTTT ATTTTGGGGG TTTTTAGTTT GGTGITGITG
AACAGAACAT ACTCGAACAG ATCARAAAGT ATCCAACGAT TTTCAAGAAR TAMAACCCCC AARAATCARA CCACAACAAC
3 'NDQ | LK D LKEJVYTALTILEIKNQP NI KT Q HQAQ
2
QRF10
8721  TATGTTGTGC TGTTTTTCTA GGTCTTTGGG GTTTGTARAA TTGTGTTTITA GGTTGATACA ATCTTTCCAT GTATCAATGC
ATACRACACG ACAAAAAGAT CCAGARACCC CAAACATTTT AACACAAAAT CCAACTATGI TAGAAAGGTA CATAGITACG
3 I NH Q KE L DK P NTF NHK L NI CDKWTDIR:
-2
ORF10
8801  GITTTAAATC CACTTTGTGA TAGTARGGGT TARRCGCTTT TIGTCTCICT AAGTCAATTT TGGGTATAAC ARARTTTAAC
CAAAATTTAG GTGAAACACT ATCATTCCCA ATTTGCGAAA MACAGAGAGA TTCAGTTAAA ACCCATATTG TTTTAAATTG
3 RK L DV KHY YP NFAZ K QRE L D! K P11 V FNLE
-2
ORF10
8881  TCCARACGCC CCTTGTCTGT GTGTTCTACC CATARAATGT TGTAGCGATT TTGCATGCTT TCTGTGAGTA GGGCGTTTTC
AGGTTTGCGS GGAACAGACA CACAAGATGG GTATTTIACA ACATCGGTAA AACGTACGAR AGACACTCAT CCCGCAARAG
3 ELR 6 KD T HEV W LI NYRNOGQOMSE TL L ANE
7 2
ORF10
8961  AAAACTTTCC ATAAGTTCGT ATTTTARACT CTCATCAATG TTAGGCTCTT CAMAGGATAA GCACCCTACG CATGCCTTGT
TTTTGAAAGG TATTCAAGCA TAARATTTIGA GAGTAGTTAC AATCCGAGAA GITICCTATT CGTGGGATGC GTACGGAACA
3 F SE M LE Y KL S EDI! NPEETFS L CGV C AKH
2
ORF10
9041  GITTTTGAGC AAGAGAGAGT AAAAGGCTTT TAGITAGATT AGCATCGCCT TTTAAAACTT TGGCTGTGCC TTGTTCTACC
CAARPACTCG TTCTCICTCA TTTTCCGAMA ATCAATCIAR TCGTAGCGGA AARTTTTGAA ACCGACACGG AACAAGATGG
3 HK Q A LS L L LS KTLNA ADG G K LV KAT 6 QFEVR
-2
ORF13
ORF10
9121  CITTCATTAR GCAAGTAATT AACGCTCCCA TCACCATCAC CGCCCCCTTG ATTAGTCCCC CARAATTTAA CTAACATACT
GAARGTAATT CGITCATTAA TTGCGAGSGT AGTGGTAGTG GCGGGGGAAC TANTCAGGGS GITTIAMATT GATTGTATGA
3 'REN L LY NVSGDGDGGG Q@ NTGW F K !
2 S V Y K
{-————-————
-1 B
ORF13
9201  TAGCTCTTAG TTGTTCTAAT TGATTGCTGA TTTCTATGAG TTGTTCTAAG GCTAATCTAT CCCATGCCCC CTTATTAGTG
ATCGROAATC AACAAGATTA ACTAACGACT ARPAGATAGTC AACAAGATTC CGATTAGATA GGGTACGGGG GAATAATCAC
2 KA R L QEL Q NS I EI L QE L A LRDWAGKNTN
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ORF13

TGGTGSTGTS GETGIGGTTC GGGTTGTGGE GITGGTTGTG TATGGTTTTC CTAAACTTTT ACTITCTTAC CTTICTTGAG

9281  TIGAGATGIT TAGCGATTIG GITTARATTG TTTCCCCATT TAGCTAACTC AATAACTAGT TCITTATTAG CAATCGCTTT
PACTCTACAA ATCGCTAARC CAARTTTAAC AAAGGGGIAR ATCGATTGAG TTATTGATCA AGAAATAATC 'GTTAGCGAAR
2 ‘NLH K A1 Q@ NLNNGWK AL E I VL EHKNA I AK
-1
ORF13
9361  TIGTITTITA GATTTTGITG GAGTTTGTGA TTTTTGAGTT AAARGAGAGT TTARAACTAA TTGCGAAAAG TTTAAATTTT
MACAPAARAT CTAAAACAAC CTCAAACACT AAAAACTCAA TTTTCTCTCA AATTITTGATT AACGCTTTTC AARTTTAARA
2 QKK S KT P T Q 8 KQT L LS N LV L QS8SF N L NK
-1
ORF13
Hindfii
v
9441  TTTCTTGCAT TTGAGTTIGG ATAGTTTGCC ATTCTGTTTG TGATAATCTA AARATTTITG TAATCGTTTT TTTTGTAACA
AARGAACGTA AACTCAAACC TATCAAACGG TAAGACAAAC ACTATTAGAT TTTTAAAAAC ATTAGCAAAA AARACATTGT
2  KEQ M QTQ 1T TaAawWETQSLRF I KT 1T K KTVL
-1
ORF13
Hindth
kel
9521  RGCTTTTCCA TATTTTTTTG GCTATCCCTT AATGATGATT TAGGGGGGTC AAGGGGGGTT TGCCCCACTT GCGAGCTAAA
TCGAMAAGGT ATAAAAMAAC CGATAGGGAA TTACTACTAA ATCCCCCCAG TTCCCCCCAA ACGGGGTGAA CGCTCGATTT
-2-LKEMNKQSDRLSSKPPDLF’TQGV‘
A '
9601  GCGATTTTAT ATCGCTGTCT CITTGTATTG TATATACAAA AGTATGCTCG CCCTTTATTT TTATTTTAGC ATGGATTGGT
CGCTARAATA TAGCGACAGA GAAARCATAAC ATATATGTTT TCATACGAGC GGGARATAAAR AARTAAAATCG TACCTAACCA
9681  TARAGTTTAG ATATAATAGG GITATCATGA TTGATTGAGT TAAGGAGATA AGATGTTAAR AGATGTAGAA GTAGGGGTTA
ATTTCAARTC TATATTATCC CAATAGTACT AACTAACTCA ATTCCTCTAT TCTACAATTT TCTACATCTT CATCCCCAAT
9761  AATTTTATAA GGAGCTTGGC AAATTAGAAA AACAATTAGC TAAGTATCAA AGTAAAGTTT TAGAAATTAA AACACARATG
TTRAAATATT CCTCGAARCCG TTTAATCTTT TTGTTAATCG ATTCATAGTT TCATTTCAAR ATCTTTAATT TTGTGTTTAC
9841  AAAGAGATTA AAAAGCAATA TTCTCAAGCT ARGAAAGAGG AGAAMARAAC TCACAAATAT GITCCTAATG ATGAGTTAAA
TTTCTCTART TTTTCGTTAT AAGAGTTCGA TTCTTTCTCC TCTTTTTTTG AGTGTTTATA CAAGGATTAC TACTCAATTT
9921  ACAAGACTTA TTAGATATTG ATGACCCTAA TACCACTGAM AACTTTAAGC CTAAAAATGC TAATGAAATT TGGCAATACG
 TGTTCIGAAT AATCTATAAC TACTGGGATT ATGGTGACTT TTGAARTTCG GATTTTTACG ATTACTTTAA ACCGITATGC
10001  CTCTTAATTC TTAGGAGCTT AAATGTTAGA AATTGAGITA AAMAAGAAAT TCACTAAGGA TTTAARAAAA CACATTTTAA
GAGAATTAAG AATCCTCGAA TTTACAATCT TTAACTCKAT TTTTTCTTTA AGTGATTCCT AMATTTTTTT GTGTAAAATT
10081  ATCAAAAAAT TGAGTTAGAA ATTTTTGACT TAGTGATTGA ARATTTAAGA AATCAAATCC CACTAGATGA GAAGTTTAAA
TAGTTITTTA ACTCAARTCTT TAAARACTGA ATCACTAACT TTTAAATTCT TTAGTTTAGG GTGATCTACT CTTCARATTT
10161  GACCACGCTT TAGTTGGAGA ATACAAAGGC TGTAGAGAGT GCCATATTAA GCCIGATGTT TTGCTTGTGT ATAGAATACA
CTGGTGCGARA ATCAACCTCT TATGTTTCCG ACATCTCTCA CGGTATAATT CGGACTACAA AACGAACACA TATCTTATGT
10241  AMACAATGTG CTAACTTTGG TTAGGCTCGG TAGTCATAGT GAGTTGTTTT AGAATAGACA TACTTCAAAA AGGTTGTGAA
TTTGTTACAC GATTGAAACC AATCCGAGCC ATCAGTATCA CTCAACAAAR TCTTATCTGT ATGAAGTTIT TCCAACACTT
10321  GCACCCAACC GCTAAAGCGAR TTGGGCTTCC TAGGCTGATG TCCCAGITCT AAGACTTGTT CTAATIGCCT GITTGTCAAT
) CGTGGGTTGE CGATTTCGCT AACCCGAAGG ATCCGACTAC AGGGICAAGA TTCTGAACAR GATTAACGGA CAAACAGTTA
401  GAARAAATTA ATAAAGATTT CAGAARAATA GGCAAGACAG ATGACGAAAG AAMATACCAT TGCAAGCATT GTGGCITGGT
CTTTTTTAAT TATTTCTAAR GTCTTTTTAT CCGTTCTGTC TACTGCTTTC TTITATGGTA ACGTTCGTAA CACCGAACCA
10481 GATAGATAGG GATTTGAACG CAGCTATCAA TATTCGTAGG GTAGGGGCAT CTAAACCCTA GGTGTAGAAT TTGTAAGACC
; CTATCTATCC CTAAACTTGC GTCGATAGTT ATAAGCATCC CATCCCCGTA GATTTGGGAT CCACATCTTA AACATTCTGG
10561  TACTTGTTAG GCAGAATTTG CTTGATAGCT AAARGAAGTC TCATAGTTTT AGCTAGAATC CCCTAGCTTT AGCTATGGGG
- ATGAACAATC CGTCTTAAAC GRACTATGGA TTTTCTTCAG AGTATCARAR TCGATCTTAG GGGATCGAAR TCGATACCCC
LOB41  AGTATGTCAA CACCAAGAGC GTGAGCGAAT GAARGCCGAR CACABCGAGC AAGTTGAAGC GTTAGAARAC AAGCTCAAAG
TCATACAGTT GTGGTTCTCG CACTCGCTTA CTTTCGGCTT GIGTTGCTCE TTCAACTTCG CRATCTITTTG TTCGAGTTTC
10721  RACAAGACAA ACACAARACA ARATTCAATG CCTTAAGATA CCGACAAGCC CAACAAAGTA GAACAATGAA AACCAAGCAA
TTGTTCTGTT TGTGTTTTGT TTTAAGTTAC GGAATTCTAT GGCTGTTCGG GTTGTTTCAT CTTGTTACTT TTIGGTICGTT
ORF14
+3 ‘L K M KE W KE L
O T T
10801 CUACACCAAG CCCARCACEC CAMCCAACAC ATACCAAMAG GATTTGAARA TGAMGAATG GAAAGARCTC

continued on next page
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ORF14

3 NE S A FS E TE L KDI K EK L TADJYDTI' R KEF:
10881 RATGAATCGG CATTCAGCGA AAGAGAATTG ARRGACATCA AGGARARATT GACAGCAGAC TATGACATTA GGARAGAATT
TTACTTAGCC GTAAGTCGCT TTGTCTTAAC TTTCTGTAGT TCCTTTTTAA CTGTCGTCTG ATACTGTAAT CCTTTCTTAA
ORF14
<3 -FEG N S GK E LG L S K L KE 1 D KNILJ KZ K L DSLGEC
10961  TGANGGCAAT AGCGGAARAG ARTTAGGTCT TTCAAAACTC AAAGAAATAG ACARARATCT CAARAAACTA GACTCACTCT
ACTTCCGITA TCGCCTTTTC TTAATCCAGA AAGTTTTGAG TTTCTTTATC TGTTTTTAGA GTITTTTGAT CTGAGTGAGA
CRF14
43 'CAMC KN C S8 1 S 1 VKT FTNO QP! | DL F EK Q
11041  GCGCGATGTG CAAGAACTGC TCCATTTCAA TAGTGARARAC ATTCACCAAC CAACCTATCA TCGATCTATT TGAAAAGCAA
CGCGCTACAC GTTCTTGACG AGGTAAAGIT ATCACTITTG TAARGTGGTTG GTTGGATAGT AGCTAGATAA ACTTTTCGTT
ORF14
Hindifl
WA
43 E AL T I Y C NS Y GSP V ND P QE L RFCTDFV
11121  GAAGCTTTGA CTATCTATTG CAATTCCTAT GGAAGTCCCG TGAATGATCC GCAAGAACTG AGATTTTGCA CTGATTTIGT
CTTCGAAACT GATAGATAAC GTTAAGGATA CCTTCAGGGC ACTTACTAGG CGTITCTTGAC TCTAAAACGT GACTAARACA
ORF 14
3 VEME NYK DRFF NGTFKF KRKTNENPF
11201 TGARATGGAR AACTACAAGG ATCGITTTIT CAATGGAACT TTCAAATTCA AAAGAAARAC TAACGAAAAT CCCTITTTAGT
ACTTTACCIT TTGATGTTCC TAGCARAARA GTTACCTTGA AAGTTTAAGT TTTCTTTTTG ATTGCTTTTA GGGAARATCA
11281  CATTGAGTCT TTTTGAMAGC GTATTTTTGA TTTTGAACGT TTTTTTGTTT TTAGGCAGAT AGTTAGTCGG TTTTTTGCTT
GTARCTCAGA AAMACTTTCG CATAAARACT ARARCTTGCA AARAAACAAA AATCCGTCTA TCAATCAGCC ARAAAACGAA
11361  TTCGTTGGIT GTAGGCGATT TTAGGTAGCA AARAACAGCT AARAAATCCA AACAACCTGA TITGACTTCAA ARARAACTTT
AAGCAACCAA CATCCGCTAR AATCCATCGT TTTITTGICGA TITTTTAGGT TTGTTGGACT AACTGAAGTT TTTITTGARA
ORF15
11441  RAGTTCCGTTA CTACAAACCT ATAARATCCT ATAAAGAGCT ATAAAATTCT CTCAATTTGG GATTTITTGTIC GTAITCCIAG
TCAAGGCAAT GATGTTTGGA TATTITAGGA TATTTCICGA TATTITARGA GAGTTAAACC CTARARACAG CATAAGGATC
-2 ILIREIQSKQRIGL
1 N
CRF15
11521  TTCAACCTTG CTGGTTGCCA AACGATTATT GGATAAGTCA TTCAACAGAG CCGTCAAGTC CATAGGCGTA AATTCGGCAG
ARGTTGGAAC GACCAACGGT TIGCTAATAA CCTATTCAGT MAGTTGTGIC GGCAGTTCAG GTATCCGCAT TTAAGCCGTC
2 EVK S TA L RNWNSILDNIULLATLUDMPTF EAT
...... - .1 - o - oanp - R T —— oo e i i S P ——
ORF15
11601  TAACTCTACC TACTAAATGC TTTAAAAGAT TGATAGCAGC GITTATATCT CTATCTAATT CAAAGCCACA CTCTAGGCAT
ATTGAGATGG ATGATTTACG AMATTTTCTA NCTATCGTCG CABATATAGA GATAGATTAA GTTTCGGTGT GAGATCCGIA
2  TVR 6 V.LH K LLNILJIAANIDAZ RUDLTETFGTCETLSC CAOQ
-1
- ORF15
11681  TGATARATCC TATCTTTAAG TTTTAAATCT TGTTTAACTT TTTGACAATT AGAGCAAGTC TTAGAGCTTG GATAGTAAGT
ACTATTTAGG ATAGAAATTC AAAATITAGA ACAMATTGAM AAACTGTTAA TCTCGTTCAG ARTCTCGAAC CTATCATTCA
2 QY I R DK L KLDQQKV K aQC N SCT K S§S P YYT
-1
ORF15
11761  GITAGCTCIT AGAATTTCTT TATTTGTTTG CTGACAAGCA AACACCAACA AGCGAAGCGT TAGCGAGCAT GGACAAMAGC
C SAGAA T 5 AAACARAC GACTGITCGI TIGTGGTTGT TCGCTTCGCA ATCGCTCGIA CCIGITITCG
2 NAR L | E K NT QQCAF VL LRLTLSC®PCFR
-1
ORF1E
L1841  GCATCGCAGT TTGAAAGCGT AGGCGTTAGC CGTAGCTGGT TTGCGTTAGC AAATCAAACR AGATAGCGCA AACCTGGCGT
CGTAGOGTCA ARCTTTCGCA TCCGCAATCG GOATCGACCA ARCGCAATCG TTTAGTTTGT TCTATCGCGT TTGGACCGCA
2 RM
—
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11921 7AGCCCAARA AACCCCTARA ACTARAATIC CAARATATGT AGCGCGTCAT GCGCGTTGTT TITATTACAT
ATCGGGTTIT TTGGGGATTT TGATITTAAG GTTTTATACA TCGCGCAGTA CGCGCARCAA ARATARTGTA

TTTTAACAA
CAAARTTGTT

12001 CCATGTTGTT TTTACATGTT TTTACCATGC GCGCGCATGC GAGGGATTTG GGGTTAGAAC CCCCTAAATA
GGTACAACAA AAATGTACAM AARTGGTACG CGCGCGTACG CTCCCTAAAC CCCAATCTTG GGGGATTTAT

CCGAAGCTGT
GGCTTCGRCA

12081  AGAGTTTCTC ATTTTTGGGT GAARATGAAA GAATGGGAAC
TCTCARAGAG TAAARACCCA CTTTTACTTT CITACCCTTG

Figure 5. Nucleotide sequence of pAL202.

Iterons 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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ORF15 iterons (1-88)
HirdIII (11123) __HidIII (794)
ORF14 ORF1/RepA
N Hindlll (1472)
" ORF3

HindIII (9521)
\ ORF4
ORF13 -
HindIII (2659)
ORF5
T~
ORF12 ORF®
ORF7
ORF10 ORF2
ORF11

EcoRI (5084)

Xbal (61445 \ ORF8

Xbal (6114) Xbal (5542)

Figure 6. A graphic representation of pAL202.
Arrowheads represent putative open reading frames and the direction of
translation. Location of iterons and restriction digestion sites are indicated.
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pAL202

12120 bp

/ 2 12
lterons 4

ORF1RepA ORFS ORF9

ORF14  ORF15
ORF13

ORF3

ORF2 ORF11

s ORFT ORF1z’ ORF10

Figure 7. Single insert recombinants of pAL202.

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);

5, pAL202::TN/KANS (bp 9288); 6, pAL202::TN/KANG (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/KANS54 (bp 6287); 58, pAL202::TN/KANS58 (bp 3140);
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Table 3. Percent GC of H. pylori plasmid
and chromosomal DNA

pAL2 34.3
pHPM8 334
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
J99g* 39.2

*Chromosomal DNA
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Table 4. Putative promoter sequences and ribosome binding sites (RBS)

10

11

12

13

14

15

of pAL202'

509

235

123

166

110

257

105

387

358

660

233

176

133

141

121

1527

705

369

498

330

771

315

1161

1074

1980

699

399

423

121

ORF

421-1947

3879-4583

2219-2587

2223-2720

2723-3052

3059-3829

3822-4136

4715-5875

5890-6963

7218-9197

7256-7954

7967-8494

9190-9588

10854-11276

11482-11844

TTGTTT
(344-349)

CTGTCA
(3816-3821)

TTGTTA
(2648-2653)

TAAAAT
(2181-2186)

GTGAGA
(2638-2634)

TATAAG
10732-10737

TTGAAA
(4214-4219)

TTGCCA
(5935-5940)

TTGAAA
(7017-7022)

TTAAAA
(8033-8038)

TAGACA
(8566-8571)

TTAACC
(9678-9683)

CCGACA

(10761-10766) (10782-10787)
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TATAAG
(365-370)

AAAAAT
(3840-3845)

AATAAT
(2619-2624)

TAGAGA
(2157-2162)

TAAGAT
(2663-2668)

CTTATT
10691-10696

AACAAT
(4189-4194)

TATAAA
(5917-5922)

TAGAGT
(6994-6999)

AACAAT
(8009-8014)

TATCAG
(8548-8571)

AAATAA
(9655-9660)

AACAAT

AGGAGT
410-415

AGGAAA
(3868-3873)

AGGGGA
(2594-2599)

AGGAGT
(2210-2215)

AAGAGC
(2712-2717)

TGGAGT
(3048-3053)

CAAAGG
(4140-4145)

TAGAGT
(5884-5889)

CGGAGT
(6968-6973)

AAGAGC
(9203-9208)

AGGAGA
(7959-7964)

AGGATT
(8503-8508)

AGCTCG
(9592-9597)

AAAAGG
(10846-10851)



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 of pAL202 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 of ORF1/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, R1,
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/repA 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 addition, some of this region (about 300 bp) displayed identity to the right
end of orfB a transposase gene of H. pylori insertion sequence, ISHp608. Short stretches
of about 28 bp between orfl/repA and orf3 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 rep4 gene. One copy (bp 6516-6548) of R3, the 33 bp repeat
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ORFI0 R4 ORF'S RepNORF1 ORF3 ORFS oppg

ORF8 ORF9

ORF11 ORF12 ORF13 Iterons

(= ,4& (- e

orfiA o748 of4C orHF oM orf4l OHKOMAL ofdM OO0
. oG <j <
orf4J
1kb orf4D orf4E orféN

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 of repB in pHPO100 (unpublished) and pHPS1 (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 orfI/repA gene and another
copy (bp 3834-3869) with 83% match at the 3’ end of orf7, between orf2 and orf6. The
locations of tﬁe repeats in pHel4 corresponded to the locations in pAL202. The locations
of the repeated sequences in pAL202 are shown in Figure 9.

ORF1, encoded by nucleotides 421-1947, showed strong identity to the
replication protein, RepA, of H. pylori plasmids pHel4 (82%), pHell (82%), pHPM180
(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
Enterococcus faecalis (34%), and Lactobacillus 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 ORF1
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). ORF1 was further analyzed using several
software programs for protein analysis available on the Internet through the ExPASy
Proteomics tools (http://us.expasy.org/). PSORT (http://www.psort.org/) and SOSUI
(http://www.sbc.su.se/~erikw/toppred2/) analysis indicated that ORF1 is a soluble

cytoplasmic protein. With an instability index of 30.70, ProtParam
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pAL202

12120 bp

lterons/R1

ORF1/RepA  ORF4 ‘

ORF6 ‘ ORF8
7

ORF3 ORFS ORF15
ORFS5 ORF2 ORF11 ORF14

Figure 9. The locations of H. pylori plasmid repeated sequences in pAL202.

R1, 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 of pHPM180; R3,
64% identity to a 33 bp repeat of pHPS1; R4, first described in pHel4, a complete copy
was present at the 3’end of the orfl/repA gene, and a copy with 83% identity between
of2 and orf6.
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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 motif HPFXXGNG present in most members of the family
of Fic (filamentation induced by cAMP) proteins (46, 83). ORF2 of pAL202 showed
great identity to other H. pylori plasmid ORF2 proteins: pHPM180 (98%); pHel4 (96%);
pMCU2 (97%); pHP51 (87%); pHPS1 (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.

OREF3, 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, describe_d 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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Table 5. Analysis of pAL202 ORFs by the Vector NTI program

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 7211 9.07 5.79

1-Molecular Weight; 2-Isoelectric 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 of pALL202 consisting of ORF3, ORF4, and ORFS5 has only been
observed in one other H. pylori plasmid, pHel4. ORFS3, 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 Fic protein family (46, 83) was
observed also for ORF6 (nucleotides 3059-3829). This protein had identity to ORF4M of
pHel4 (89%), ORF5K of pHel5 (88%), ORF6 of pHMP8 (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 of pHel4, 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 of 24.65 and classified the protein as stable. The function
of this protein is unknown.

ORFS8, nucleotides 4715-5875, showed strong identity to the MccC-like proteins,
ORF4A, of pHel4 (85%) and ORF3 of pHPMS8 (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 homolog 0f J99. AL202 exhibited no growth in media supplemented
with 2 pg/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 Clostridium 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 of ORF9, 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 E1 and members of the bacterial ThiF/MoeB/HesA family. The second family is

the ThiF dinucleotide-utilizing enzymes involved in the metabolism of the coenzymes
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molybdopterin and thiamine. ORF9 showed identity to the HesA/MoeB/ThiF family
protein of Streptococcus pneumonia (24%) and Enterococcus faecalis (43%), ubiquitin-
activating enzyme E1 in Schizosaccharomyces pombe (41%) and in Homo sapiens (27%).
HesA is essential for nitrogen fixation in Anabaena 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 of pHel4 (92%), ORF4 of pHPMS (87%), and MccB of E.
coli (32%). Like MccC, MccB is encoded by the mcc4BCD 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 of pHPMS (71), but not in the
MccB-like ORF4B of pHel4, or in ORF9 of pAL202. However, the C-X,-C-X,-C-X>-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 of 36.62 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 of ORF10, nucleotides 7218-9197. The
relaxase/mobilisation 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 ORF10. The protein showed the greatest identity
(80%) to the MobA-like ORF4C of pHel4 and lower identity to mobilization proteins of
plasmids from Pasteurella multocida (35%), Aeromonas salmonicida (34%), and the
mobilization protein, MbeA, of E. coli plasmid ColE1 (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 of pAL202, no nic sequence was observed upstream of orf10. A potential nic
sequence (TATCCTG; bp 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 ORF10 is cytoplasmic and soluble. ProtParam calculated an
instability index of 41.09 and classified ORF10 as unstable.

ORF11, nucleotides 7256-7954, showed 79% identity to the MobD-like ORF4D
of pHel4 and 56% to ORF3 of pHPM179. No identity to other H. pylori DNA was
further observed. Four leucine zipper motifs, L-X(6)-L-X(6)-L-X(6)-L, were detected in
ORF11 by the motif finder program 3DinSight
(http://www.rtc.riken.go.jp/jouhow/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). ORF11 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 Cagl1 of 26695, 28% to Cag-U
of H. pylori strain CCUG 17874. TMHMM, SOSU]I, 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 of ORF13 to other H. pylori proteins was 84% identity to the
MobA-like ORF4C of pHel4, and 56% identity to ORF2 of pHPM179. 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 of ORF13. 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 of 29.47 and classified the protein as
stable.

ORF14, nucleotides 10854-11276, 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 of a zinc-binding domain. ORF15 showed 91%
identity to OrfB of H. pylori 1IS607 and 42% to ISHp608. The identity to these insertion
sequences was only observed at the right end (C-terminus) of OrfB. The alignment
between ORF15 and OrfB of IS607 was as follows: 103 amino acid residues (316-419) of
OrfB (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 0of 33.74. Table 6 shows
the identities between the ORFs of pAL202 and other known ORFs.
Mobilization of pAL202

In the first step of mating, the average numbers of CFU obtained for the
transconjugants were 5.8x107 for pir'(pAL202::TN/KAN21; pRK24) and 9.1x10°® for
pir'(pAL202:: TN/KAN2S; pRK24). This indicated a successful transfer of pRK24 to the
pir’ cells. The second and third steps resulted only in the transfer of pRK24 to the
IR3272 as the average CFUs obtained from M9-Tet plates were 3.8x10° for pir*
(PAL202::TN/KAN21; pRK24) x IR3272 and 1.9x10* 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 of pAL202 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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fos

6; EﬂggmgwtivewORFs 9f Pb';?&% and identities to ﬂlﬂ(“!egvom\g,vq,sgg, nces

T

pHel4 (RepA)

pHel1 (RepA)
pHPM180 (RepA)
pHel5 (RepA)
pHPS1 (RepA)
pHPM8 (RepA)
pMCU3 (RepA)
pMCU2 (RepA)
pMCU4 (RepA)
pHPM186 (RepA)
pMCUS (RepA)
pMCU7 (RepA)
pMCU1 (RepA)
pHPM185(RepA)
pHPM179(RepA)
pMCUG (RepA)

2 pHPM180 (ORF2)
pHel4 (ORF40)
pMCU2 (ORF2)
pHP51(ORF2)
pHPO100 (ORF2)
pHPM8 (ORF2)
pMCU1 (ORF2)
pMCUS5 (ORF2)
pHPS1 (ORF2)
pHPM185(0ORF2)
J99 (JHPO651)

cAMP induced filamentation

3 pHel4 (ORF4J) Unknown
4 pHel4 (ORF4K) Unknown
5 pHel4 (ORFA4L) Unknown
6 pHel4 (ORF4M) cAMP induced filamentation

pHel5 (ORF5K)
pHPM8 (ORF6)
J99 (JHP0B51)
26695 (HP0712)
pHPM180 (ORF2)
pMCU1 (ORF2)
pMCU2 (ORF2)
pHP51(ORF2)
pHel4 (ORF40)
pMCU5 (ORF2)
pHPO100 (ORF2)
26695 (HP0713)
pHPM8 (ORF2)
pMCU4 (ORF2)
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Table 6 continues:

10

11

12

13

14
15

pHel4 (ORF4N)

pHel4 (ORF4A/MccC-like)
pHPMS8 (ORF3)

26695 (HP1165/tetA(P) homolog)
J99 (JHP1092/tetA(P) homolog)
Borrelia burgdorferi

Clostridium septicum (TetA(P)
pHel4 (ORF4B/MccB-like)
pHPMS8 (ORF4)

E. coli (MccB)

pHel4 (ORF4C/MobA-like)
Pasteurella multocida (MbeAy)
Aeromonas salmonicida

E. coli (MobA)

pHel4 (ORF4D/MobD-like)
pHPM179 (ORF3)

pHel4 (ORF4E/MobB-like)

J99 (ORF18/cag island protein)
26695 (Cag11)

pHel4 (ORF4F/MobC-like)
pHPM179 (ORF2)

Anopheles gambiae

IS607 (ORFB)

Clostridium perfringens
ISHp608 (ORFB)
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88
85
82
45
45
27
24
92
87
27
80
35
34
32
79
56
75
29
29
84
68
34
91
57
42

Transporter

Mobilization/Relaxases

Mobilization

Mobilization

Mobilization

Unknown
Transposition



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 hybridization 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 pg 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/KANS
pAL208::TN/KAN9
pAL236::TN/KAN2
pAL236::TN/KANS
pAL236::TN/KAN11
b. Hybridization

+ + + 4+ o+ o+
| B}
+ + + 4+
1

PAL202 * + it p
PAL203 - + . j
pAL207 + * + +
PAL209 - i - ;
PAL226 - i - .

pAL208::TN/KAN8 - - - -
pAL208::TN/KAN9 - - - -
pAL236::TN/KAN2 - - - -
pAL236::TN/KANS - - - -
pAL236::TN/KAN11 - - - -
c. PCR(E vs N)

pAL202 + + + +

pAL203 - + + + - - - -
pAL207 + + + + - - + +
pAL209 - + - - - - - +
pAL226 - - - - - - + +
pAL208 + + + + + + + +

pAL208:: TN/KAN8 - - - - - - - -
pAL208::TN/KAN9 - - - - - - -

pAL236 - + - - - - - -
pAL236::TN/KAN2 - - - - - - - -
pAL236::TN/KANS - + - - - - - -

pAL236::TN/KAN11
pZErO:: TN/KAN - - - - - - - -

1, Exonuclease treated DNA; 2, No exonuclease treatment
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rvmseTe:

Tabe 8. Conserved regions in the Alaskan plasmids

pAL202 + +

pAL203 + + -
pAL207 + +

pAL209 - - - -
pAL226 - - -
pAL208 + + +
pAL208::TN/KANS - - - -
pAL208:: TN/KAN9 - - - -
pAL236 - - - -
pAL236:: TN/KAN2 - - - -
pAL236::TN/KAN5S - - - -
pAL236::TN/KAN11

71



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 transformants per 10 ug of DNA were recovered for either

strain.
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CHAPTERIV
DISCUSSION

DNA and ORF Analysis

The genomes of H. pylori strains 26695 and J99 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 J99 (3). In 26695 these
regions include the cag PAI (35% GC), IS605 (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 of pAL202 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 repA4 and orf2 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 R1 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
pHPMS 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 R1 iteron sequences (70) one
would not expect the strain-specific binding of the iteron-RepA complexes. It could be
that the binding of RepA 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 of RepB
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, pHPMS, pHPM180, pHPM1386,

pHPS1, and pHell R4 is located also at the 3’ end of the rep4 gene. In pHPMS,
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pHPM180, and pHPS1, in which orf2 is positioned immediately downstream of repA, the
R4 is located between the two genes. However, in plasmids in which rep4 and orf2 are
separated by other genes (pHPM186, pHel4) two copies of R4 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 of pAL202 had 15 putative ORFs that were submitted to
the BLAST program for comparison to known sequences. ORF1/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 JHP0651 (function unknown) of J99. The central conserved motif
HPFXXGNG present in ORF2 is found in most members of the family of Fic proteins
that are involved in cell division via the syr;thesis 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 orf2 genes, it is possible
that this ORF also might be involved in recombination events between plasmid and
chromosome.

The conserved motif HPFXXGNG present in ORF2 and the family of Fic proteins
(46, 83) was observed also for ORF6. Hofreuter and Haas (39) observed an extension of
the above conserved sequence, PFSDGNGRTGRALMTF, in ORF4M of pHel4, ORF5K of
pHel5. A similar conserved sequence was seen in ORF6, but not in ORF2 of pAL202.
As with ORF2 in pAL202, ORF6 showed identity to chromosomal protein JHP0651, but
ORF6 also showed identity to chromosomal proteins HP0712 and HP0713. In pAL202,
OREF6 is positioned directly upstream of ORF2 with the genes overlapping by eight bp;
the first eight bp in ORF2, and the last eight bp 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 qf ORF6 is uncertain.

Open reading frames ORF3, ORF4, and ORF5 showed identity to other ORF's of
pHeld. 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 orf3 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 ORF3, ORF4, and ORFS 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 phiN315 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 H. pylori strains 26695 and J99 possess genes that
are strain specific indicﬁte that orf7 could have originated in the chromosome. The orf14
gene might have been acquired from an unrelated organism.

Presumably, ORF8 and ORF9 could be classified as Microcin-like (Mcc-like)
proteins. ORF8 showed strong identity to the MccC-like proteins of pHel4 and pHPMS.
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 te;tracycline resistance. The
conclusion was that ORFS8 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 faecalis,
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 Mcc-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.

ORF10, ORF11, 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, ORF10-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 orf10 gene where it
was observed in E. coli; however, a potential nic sequence (TATCCTG; bp 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 pRK24. Since all the

H. pylori strains in our laboratory are isolated from patients with some form of gastric
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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, orf10-orf13, 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 ORF15 and OrfB of H. pylori VIS607 and ISHp608 was only
observed at the right end (C-terminus) of the transposase. Since neither promoter nor
RBS sequences were found for ORF15, 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 ef 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 pHPMS8, 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 I'V 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 of pAL202. 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, recbmbinant 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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