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In order to gain a better understanding of this microorganism and its role 

in human pathogenesis, a physical map of Moraxella catarrhalis type strain 

ATCC25238 was constructed using pulsed field gel electrophoresis (PFGE) in 

combination with Southern hybridization techniques. Restriction endonucleases 

Not I, Rsr II, and Sma I were used to digest the chromosomal DNA. An 

overlapping circular map was generated by cross-hybridization of isolated 

radiolabeled fragments of Moraxella catarrhalis genomic DNA to dried PFGE 

gels. The number and location of the 16S and 23S ribosomal RNA genes were 

determined by digestion with l-Cewl enzyme and by Southern hybridization. 

Virulence-associated genes, the gene for ^-lactamase, and housekeeping genes 

were also placed onto the physical map. 
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CHAPTER 1 

INTRODUCTION 

Until recently, Moraxella (Branhamella) catarrhalis had been regarded as 

a harmless, common inhabitant of the nasopharynx in both healthy children and 

adults (Ahmed, 1985; Ingvarsson et al., 1982). However, within the last twenty 

years, this organism has gained considerable notoriety as a human pathogen. In 

the past, isolated strains were often either disregarded because of the confident 

assertion that this organism was nonpathogenic or misidentified because of its 

morphological and phenotypic similarities to commensal Neisseria species 

(Enright and McKenzie, 1997; Feder and Garibaldi, 1984). 

Moraxella (Branhamella) catarrhalis has been established as a causative 

agent of otitis media in infants and children and of lower respiratory tract 

infections in adults with chronic obstructive pulmonary disease. Moraxella 

(Branhamella) catarrhalis has also been implicated as a pathogen in nosocomial 

respiratory tract infections as well as sinusitis in both adults and children 

(McLeod et al., 1985; Murphy, 1996; Van Hare etal., 1987). The high incidence 

of occurrence of this organism is of concern because many of the strains isolated 

are resistant to ampicillin, the first- choice antibiotic for treating this disease 

(Bluestone, 1985). Nearly 100% of the clinical isolates of Moraxella 

(Branhamella) catarrhalis now produce B-lactamase, an enzyme that renders this 
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pathogen resistant to the antibiotics first commonly used to treat bacterial 

respiratory infections in children (Doern, 1995). 

1.1 Nomenclature 

R. Pfeiffer first described the organism as early as 1896 in German as 

Mikrokokkus catarrhalis although it had probably been discovered fourteen years 

earlier in 1882 by Seifert (Catlin, 1970; Enright and McKenzie, 1997; Berk, 1990). 

During the early 1900s, it was referred to in English as Micrococcus catarrhalis 

after an investigation by Dunn and Gordon into an apparent influenza epidemic 

that found M. catarrhalis to be the common isolate (Catlin, 1970). In the 1960s, 

the species was reclassified into the genus Neisseria based on its morphologic 

and phenotypic characteristics and its cytochrome oxidase activity (Catlin, 1990; 

Doern, 1990). 

In 1970, Catlin proposed the transfer of Neisseria catarrhalis to a new 

genus Branhamella, based on DNA content and homology, in honor of Sara E. 

Branham who did extensive research on Neisseria. Catlin based his proposal on 

nucleic acid hybridization studies, analyses of guanine plus cytosine content, and 

genetic transformation experiments (Catlin, 1990). Branhamella catarrhalis was 

quickly adopted and accepted in the 1974 edition of Bergey's Manual (Reyn, 

1974). However, Henriksen and Bovre thought differently and preferred the 

transfer of this species to the genus Moraxella, thereby combining rods and cocci 

while Catlin's proposed Branhamella genus would consider only coccoid 



organisms, (Catliri, 1970; Bovre, 1979). Bovre based his studies on 

demonstrating physiological and genetic reiatedness between Branhamella and 

selected species of the Moraxella genus. He suggested that Branhamella be 

reassigned as a subgenus of Moraxella for coccoid organisms in a genus of 

bacillus-shaped species (Bovre, 1979). 

The nomenclature may have been questionable in the past, but the 1984 

edition of Bergey's Manual of Systematic Bacteriology officially recognized 

Moraxella (Branhamella) catarrhalis, thus making a compromise between the two 

views and giving the nomenclature some authenticity (Bovre, 1984). For this 

reason, the name that this pathogenic organism will be regarded to throughout 

the thesis is Moraxella (Branhamella) catarrhalis. Even with the compromise and 

stamp of approval for Moraxella (Branhamella) catarrhalis, loyalties remain for 

both parties as experimental data for both schemes exist. 

1.2 Microbiological characteristics 

The similarity of Moraxella (Branhamella) catarrhalis to Neisseria species 

might have largely contributed to the ignorance of the organism as a pathogen 

until the past decade. Moraxella (Branhamella) catarrhalis are oxidase-positive, 

nonmotile, gram-negative cocci arranged in pairs with their adjacent sides 

flattened to give the characteristic kidney or coffee bean appearance observed in 

stained smears (Knapp and Rice, 1995). The circular, opaque colonies observed 

on blood agar are nonhemolytic and tend to slide across the agar when pushed. 

Endospores are not produced and cells are nonmotile. Sucrose, glucose, 



maltose, and lactose are not utilized by Moraxella (Branhamella) catarrhalis but 

deoxyribonuclease is produced and nitrates are usually reduced. Moraxella 

(Branhamella) catarrhalis differs from Neisseria species in DNA base (G+C) 

content and fatty acid composition (Catlin, 1990; Catlin, 1970; Ahmad etal., 

1987, Boyle et al., 1991). The superoxol test along with a routine laboratory test 

that detects the presence of tributyrin esterase is both useful in the identification 

of this organism and to help differentiate it from Neisseriaceae (Riley, 1987; 

Young etal., 1984). 

1.3 Clinical Significance 

Moraxella (Branhamella) catarrhalis has been found in respiratory tract 

specimens, saliva and gingival crevices, and even occasionally encountered in 

genitourinary tract specimens (Isenberg and D'amato, 1995). Organisms from 

the nasopharynx can easily travel to the middle ear along the Eustachian tube 

and establish an infection. Otitis media is a very common middle ear infection 

found in children, with nearly 50% of all children estimated to have at least one 

episode by the end of their first year. Moraxella (Branhamella) catarrhalis is the 

third most common cause of otitis media or sinusitis in children after 

Streptococcus pneumoniae and Haemophilus influenzae (Bluestone, 1986; 

Pichichero and Pichichero, 1995). This organism is also the third most 

commonly isolated pathogen from the lower respiratory tract in adults. The most 

common cause of morbidity due to Moraxella (Branhamella) catarrhalis is 



exacerbation of chronic bronchitis in adults with preexisting pulmonary disease 

(Sarubbi eta/., 1990). 

Invasive diseases caused by Moraxella (Branhamella) catarrhalis are rare, 

but there is evidence that the organism has caused bacteraemia, meningitis, and 

endocarditis. Especially in the case of bacteraemia this is evident, with episodes 

reported in association with pneumonia, otitis media, and AIDS. The 

predominance of this infection in young children is surprising, but may be 

explained by the high carriage rates of Moraxella (Branhamella) catarrhalis in this 

age group. Nosocomial infections by this organism are also evident (Wright et 

al., 1990). 

1.4 Virulence factors 

As Moraxella (Branhamella) catarrhalis becomes more widely accepted as 

a pathogen, it is important to begin to identify potential virulence factors of this 

organism. Characterization of the surface antigens of the bacterium is important 

to identify potentially important targets of the human immune response to 

infection. The surface of this pathogen presents an antigenic profile composed 

of outer membrane proteins (OMPs), lipooligosaccharide (LOS) and fimbriae 

(Feleke and Khan, 1989). The presence of a capsule is possible and may prove 

to be another virulence factor of this pathogenic organism (Ahmed, 1991). In 

addition, the pathogenic potential of Moraxella (Branhamella) catarrhalis 

increased as B-lactamase acquisition became commonplace. 



1.4.1 Outer membrane proteins 

The high molecular weight outer membrane proteins UspA1 and UspA2 

are present in all or most strains of Moraxella (Branhamella) catarrhaiis. The 

presence of a high molecular weight surface structure is reminiscent of large 

protein molecules functioning as adhesins in other gram-negative organisms 

such as filamentous hemagglutinin of Bordetella pertussis (Aebi etal, 1998). 

Outer membrane protein B1 contains surface-exposed epitopes that are a major 

target of the human immune response as judged by the production of circulating 

IgG antibodies against this protein in convalescent serum (Murphy, 1996). Since 

it is iron-regulated, OMP B1 is speculated to be involved in iron uptake by 

Moraxella (Branhamella) catarrhaiis. OMP B1 has not been cloned and 

sequenced. Outer membrane protein B2 (CopB) plays a role in the interaction of 

this pathogen with host defense mechanisms (Helminen et al, 1993). This iron-

regulated OMP has also been speculated to be involved in iron uptake. Outer 

membrane protein CD represents a single gene product that shares homology 

with the OprF protein of Pseudomonas species (Murphy et al, 1993). OMP E is 

an outer membrane protein that shares homology with Escherichia coli FadL, 

which is involved in fatty acid transport. OmpE is also related to porins of the 

OmpF family. (Bhusan et al, 1994) 

1.4.2 3-lactamases 

Moraxella (Branhamella) catarrhaiis strain ATCC 25348 was first isolated 

in 1954 (Soto-Hernandez et al., 1989). The strains recovered before the mid-



1970s rarely produced B-lactamase, whereas approximately 90% of strains 

isolated today are B-lactamase positive (Sanders and Sanders, 1992). The S-

lactamase of Moraxella (Branhamella) catarrhalis is unusual in that it is 

chromosomally encoded and is constitutively expressed in small amounts 

(Jorgensen et al., 1990). (^-lactamase is also inducible and remains tightly 

associated with cells (Murphy, 1998). The enzymes BR01 and BR02 are 

responsible for the resistance of Moraxella (Branhamella catarrhalis) to penicillins 

and the diminished susceptibility of the species to various cephalosporins 

(Sanders and Sanders, 1992). 

1.4.3 Pili (fimbriae) 

Pili are expressed in many gram-negative bacteria, which colonize 

mucosal surfaces. Pili are protein filaments that extend from the surface of the 

bacteria which facilitate the attachment of bacteria to mucosal epithelial cells 

(Marss and Weir, 1990). Even though electron microscopy has shown that most 

strains of Moraxella (Branhamella) catarrhalis have pili, filamentous appendages 

were not observed in strain ATCC 25238 (Catlin, 1990). Pili have not been 

conclusively linked with virulence in Moraxella (Branhamella) catarrhalis. 

1.4.4 Capsule 

The presence of a capsule is a major virulence factor found in many 

Gram-negative and Gram-positive bacteria. Capsular polysaccharides have 

been proven to protect pathogenic organisms from phagocytosis. The presence 

of a capsule has been suggested for Moraxella (Branhamella) catarrhalis but no 



correlation has been demonstrated between capsule production and virulence 

(Ahmed etal, 1991). 

1.5 Physical Mapping 

For the genetic and molecular analysis of the metabolic versatility and 

pathogenicity of Moraxelta (Branhamella) catarrhafis, knowledge of the genetic 

organization is essential. In order to facilitate the genetic analysis of the 

organism at the molecular level, the existence of a physical map based on long 

range restriction sites resolved by pulsed-field gel electrophoresis would be 

advantageous (Furihata et al., 1995; Romling et al., 1989). Physical maps are 

used to locate genes on the chromosomes and to define patterns of gene 

acquisition and gene arrangements as clusters or regulons (Smith and 

Condemine, 1990). 

In the past, the characterization of large DNA fragments was limited by 

their size. DNA fragments of greater than 25 kbp were separated poorly or not at 

all by conventional agarose electrophoresis, which was designed to separate 

smaller fragments. Also, large DNA is sheared into smaller fragments of ~ 100 

kbp when prepared in solution. (Arbeit, 1995). In 1984, Schwartz and Cantor 

developed pulsed-field gel electrophoresis, a variation on conventional agarose 

gel electrophoresis in which the orientation of the electric field across the gel 

changes periodically rather than staying constant (Schwartz and Cantor, 1984). 

In pulsed-field gel electrophoresis, DNA is forced to change directions by 

exposure to alternating electric fields. The fractionation of large DNA is possible 
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because large molecules change direction more slowly than smaller ones. 

Separation of DNA fragments is based on retarding the net migration of 

DNA molecules through gels, hence, the requirement for long run times (Smith 

and Condemine, 1990). The organism is embedded in agarose to prevent 

shearing of DNA during removal of the cellular material and the isolated genomic 

DNA is subsequently digested in situ with infrequently cutting restriction 

endonucleases. The size(s), number and nature of chromosome(s) can be 

determined from the restriction fragment patterns of resolved pulsed-field gels. 

(Krawiec and Riley, 1990). 

1.6 Objective of study 

The recognition of Moraxella (Branhamella) catarrhalis as an important 

human respiratory tract pathogen has generated recent interest in this bacterium. 

The research stimulated by this concern has led to limited information about its 

epidemiology and antigenic structure. However, little is known of the genetics of 

this bacterium. In order to better understand this microorganism, a physical map 

of Moraxella (Branhamella) catarrhalis Strain ATCC25238 was constructed using 

pulsed-field gel electrophoresis. Genes representing the outer membrane 

proteins were placed onto the physical map by Southern hybridization. The 

proteins encoded by these genes are know to be involved in virulence of the 

organism and may represent useful components in future vaccine development. 



CHAPTER 2 

MATERIALS AND METHODS 

2.1 Bacterial Strains 

Moraxella (Branhamella) catarrhalis type strain ATCC25238 was obtained 

from The American Type Culture Collection (Manassas, Virginia). Moraxella 

(Branhamella) catarrhalis isolates were stored for extended periods of time by 

freezing at -80° C after growth in Brain Heart Infusion (BHI) broth (Difco 

Laboratories) and subsequent addition of glycerol to 10% (w/v). Fresh stocks 

were prepared by scraping a small sample of the frozen cells and streaking onto 

Petri plates containing BHI broth solidified with 1.5% agar (Difco Laboratories). 

2.2 Media and Growth Conditions 

Moraxella (Branhamella) catarrhalis isolates were grown aerobically on 

BHI agar plates at 37°C. A single colony was then transferred from the plate and 

inoculated into 35mL of BHI broth in a 250mL Erlenmeyer flask. The inoculated 

broth was incubated overnight at 37°C with vigorous shaking at 200 RPM. 

2.3 Preparation of Chromosomal DNA Plugs 

The 35mL broth culture was transferred to a sterile 50mL conical tube 

(Fisher Scientific Corp.) and the bacterial cells were harvested by centrifugation 

at 4000g, 4°C for 5 minutes in an Eppendorf 5410 refrigerated centrifuge. 

Following centrifugation, the supernatant was decanted and the cell pellet 
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resuspended in P4 buffer (10 mM Tris-HCl pH 8.0, 1 M NaCI, 50 mM EDTA) to 

an approximate final density of 5 x 108 cells/mL (optical density (OD6oo)=0.5). 

The cells were then embedded by mixing the cell suspension (preheated to 37°C) 

with an equal amount of molten 2% low melting point (LMP) agarose held at 

45°C. The cell suspension was immediately cast into plastic disposable pulsed-

field gel electrophoresis (PFGE) block molds (BioRad Laboratories). 

2.4 In Situ DNA purification 

The solid cell plugs were transferred to disposable 50mL conical tubes 

containing lysis solution (100 mM NaCI, 10 mM Tris-HCl pH 8.0, 50 mM EDTA, 

0.2% w/v deoxycholate, 0.5% Sarkosyl, 0.5% Brij58, 10|ig RNAase A per mL) 

and incubated for 16 hours at 37°C. The lysis solution was decanted and 

replaced with Proteinase K buffer (250 mM EDTA pH 8.0, 2.0% Sarkosyl, and 0.5 

mg Proteinase K per mL) and incubated overnight at 50°C. The plugs were 

exchanged for 1X TEX buffer (10 mM Tris-HCl pH 8.0, 5 mM EDTA) and 

incubated at room temperature with gentle shaking for approximately 30 minutes. 

The buffer was decanted and fresh 1X TEX buffer added. This wash step was 

repeated nine more times. The washes were intended to remove any remaining 

proteinase K and residual detergents that would interfere with subsequent 

restriction endonuclease digestions. The washed plugs were stored at 4°C in a 

fresh conical tube containing 1X TE buffer (10 mM Tris-HCl pH 8.0,1 mM EDTA) 

until needed for restriction endonuclease digestions. 
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2.5 Restriction Endonuclease Digestion 

Restriction endonucleases Not I, Sma I, Rsr II, and l-Ceu I were obtained 

from New England Biolabs and used to digest blocks of the embedded 

chromosomal DNA. Rectangular slices (approximately 20 pL) of the 

chromosomal DNA plugs were placed into 0.5mL microcentrifuge tubes and 200 

pL of a suitable restriction enzyme buffer (supplied by the enzyme manufacturer 

as a 10X concentrate) was added. The DNA slice was allowed to equilibrate with 

the buffer at 4°C for 30 minutes. The plugs were then transferred to fresh 

microcentrifuge tubes containing 200 pL of appropriate enzyme buffer, 2 pL of 10 

mg BSA per mL, and 4 pL of appropriate restriction enzyme (2-20 units) in each 

tube. The chromosomal DNA preparations were then incubated for 16-24 hours 

at the enzyme's optimum temperature (25°C for Smal, 37°C for all others). After 

restriction endonuclease digestion, the DNA plugs were transferred to new 

microcentrifuge tubes containing 400mL of 1X TE. The plugs were allowed to 

equilibrate at room temperature for an hour. This was necessary in order to 

reduce the salt concentration in the agarose blocks, which would otherwise 

interfere with the subsequent pulsed-field gel electrophoresis. 

2.6 Preparation of Pulsed-Field Gels 

1% (w/v) agarose slab gels (Kilorose, Clontech Laboratories) were 

prepared by transferring 150mL of 0.5X TBE (45 mM Tris base, 45 mM Boric 

acid, 1 mM disodium EDTA pH 8.0) to a flask along with 1.5g kilorose agar. The 

mixture was heated in the microwave until the kilorose powder completely 
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dissolved. Pulsed-field gels were cast in a 10cm X 20cm tray and a 10 well 

comb was used to make spaces for the digested chromosomal blocks. 

After the gel had solidified, the well comb was removed and the restriction 

endonuclease digested blocks were placed into individual wells of the solidified 

agarose gel and sealed in place with molten 2% agarose. A lambda concatemer 

marker (New England Biolabs) was also inserted into one of the wells to be used 

as a molecular DNA size marker. 

2.7 Pulsed Field Gel Electrophoresis 

Blocks containing digested chromosomal DNA were resolved using CHEF 

pulsed-field gel electrophoresis (PFGE) and 1% w/v agarose slab gels (Kilorose, 

Ciontech Laboratories) in a BioRad Laboratories CHEF DRII pulsed-field gel 

electrophoresis apparatus. All gels were prepared and subjected to 

electrophoresis using 0.5X TBE buffer. Agarose gels were placed into the CHEF 

hexagonal array pulsed-field chamber containing two liters of pre-chilled (12°C) 

0.5X TBE buffer. Pulsed-field gel electrophoresis was then carried out for 30 

hours with constant chilling at 12°C at a field strength of 6 V/cm using two 

sequential switching ramps. In order to achieve adequate separation between 

large and small DNA fragments, the flow of current to the pulsed-field gel was 

reversed periodically. Short switching times promote resolution of small 

fragments and long switching times facilitate separation of larger fragments. 
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A two phase ramp was used consisting of switching times starting out at 1 

sec and ending at 40 sec linearly integrated over 16 hours and a second phase 

for the last 14 hours with an initial switch time of 20 sec and final switch time of 

80 seconds. After electrophoresis was complete, the gels were stained with 

ethidium bromide (0.5 jjg/mL) for 30 minutes followed by 30 minutes of 

destaining in dH20 to remove residual ethidium bromide from the gel. The gel 

was then visualized under short wave (254nm) ultraviolet radiation. A record of 

the gel was taken either by digitization using a CCD camera attached to a PC 

(BioRad GelDoc 1000) or by recording on Polaroid type 55 film using a Fotodyne 

Transillumnator and Polaroid MP-4 camera. The exposure time was typically 45 

seconds and development time was 30 seconds. 

2.8 Purification of Individual Chromosomal DNA Fragments 

DNA fragments from restriction endonuclease digestion were excised from 

the pulsed-field gel after electrophoresis using a sharp, single-edged razor blade 

and subsequently purified using an anionic matrix (BioRad Prep-A-Gene matrix). 

Each slice of agarose containing individual chromosomal DNA fragments was 

weighed and placed into a 1.5 mL microcentrifuge tube. Three volumes of Prep-

A-Gene (PAG) Binding buffer were added to the tube, which was placed into a 

40-55°C waterbath. Complete dissolution of the agarose from the DNA fragment 

was achieved in 30 minutes. 10 |iL of resuspended PAG binding matrix was 

added to the vial for every ng of DNA to be recovered (typically 10 pL). After five 

minutes of mixing by gentle inversion, the slurry was centrifuged at 11,000g for 
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30 seconds in an Eppendorf 5415C micro-centrifuge to pellet the matrix and 

bound DNA. The Binding Buffer was removed by aspiration and the matrix was 

resuspended and washed with 500 yL of PAG Wash Buffer. The vial was 

centrifuged for 30 seconds at 11 ,000g. The wash buffer was decanted and the 

wash repeated two more times. After the last wash was decanted, the tube was 

briefly centrifuged again to recover any traces of wash buffer, which were 

removed with a micropipette. The matrix was then resuspended in 30 jxL of 1X 

TE buffer and placed in a water bath between 37-55°C to allow the purified DNA 

to disassociate from the matrix. After 15 minutes of disassociation, the tube was 

centrifuged for 30 seconds at 16,000g. The supernatant containing the DNA was 

recovered with a pipette and placed into a fresh microcentrifuge tube. The 

purified DNA was stored at -20°C until used to prepare radiolabeled probes for 

Southern hybridization. 

2.9 Agarose mini-gel electrophoresis 

All purified DNA fragments were analyzed by conventional agarose gel 

electrophoresis. The gel was prepared by addition of agarose to 0.8% (w/v) in 

1XTAE buffer (40 mM Tris-Acetate, 1 mM EDTA pH 8.0). The components were 

swirled to mix and heated in the microwave until the agarose powder completely 

dissolved. The agarose mixture was cooled to ~50°C and poured into a gel tray 

containing a 10-well comb and allowed to cool until solidified. The comb was 

then removed. 
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The gel tray containing the gel was placed into a submarine gel 

electrophoresis unit (Owl Scientific) containing 350 mL of 1X TAE buffer. DNA 

samples were prepared for loading onto the gel by mixing 5 jj! DNA sample and 1 

pi of a 5X loading dye (25% v/v glycerol, 0.5% w/v SDS, 0.1% w/v bromophenol 

blue, 0.1% w/v xylene cyanol, and 50.0 mM EDTA) and then adding the mixture 

into the appropriate well. Gels were electrophoresed for 1 hour and 30 minutes 

at 100V. After electrophoresis, the DNA was visualized by placing the gel in an 

ethidium bromide solution (0.5 pg/ml) for 30 minutes. The mini-gel was 

visualized under ultraviolet light and images were digitized using a CCD camera 

attached to a PC (BioRad GelDoc 1000). 

2.10 Preparation of Gene Probes 

Probes for OMP CD, OMP E, bla, RRN L, RRN S were prepared from 

synthetic oligonucelotides (Integrated DNA Technologies) based on sequences 

deposited in Genbank (Table 1). 

OmpCD 5'-CCACTACTACTTGGCTATCATTACACTGAC 

OmpE 5' -CACAAGCAGCAGGCCTGGATCGCTCAGGGC 

p-lactamase 5' -TGCCCGATGACAAGATAACA 

amidase 5'-GCAGCCAT GAACT GGTAGAAC 

16SrRNA 5' -ATGGCTCAGATTGAACGCTG 

23SrRNA 5' -GGTCAAGTAATGAAGTGCAC 

Table 1. Synthetic oligonucleotide gene probe sequences 

16 



Synthetic oligonucleotides were resuspended in 1X TE buffer to a final 

concentration of 10 pmol/jj.L. 1 }iL of oligonucleotide was end-labeled using 50 

H-Ci of 32P -y-ATP (NEN/Dupont) and 10 units of polynucleotide kinase (New 

England Biolabs) in the reaction buffer provided with the enzyme. The 20 [ i t 

reaction was incubated at 37°C for 10 minutes and then heated to 65°C to 

inactivate the enzyme. The entire reaction was added to a prehybridized unblot 

and hybridization was carried out as previously described (Sambrook et al 1989). 

Gene probes for COP B, USP A1, USP A2 were random primer labeled using 

cloned gene fragments provided by Eric Hansen (UT Southwestern Medical 

Center, Dallas, TX). 

DNA fragments purified from pulsed-field gel electrophoresis were used as 

hybridization probes to identify overlapping map fragments. Radioactively 

labeled probes were prepared by random primer extension of the Prep-A-Gene 

purified chromosomal fragments using a random hexamer labeling kit 

(Boehringer Mannheim Corp.) and ̂ P-a-dATP (NEN/Dupont). Approximately 

25ng of chromosomal fragment were labeled using 50 (iCi of radiolabeled dATP. 

2.11 Preparation of Gels for Hybridization 

Electrophoresed gels to be probed were dried for use in the "unblot" 

technique of Wallace and Miyada (Wallace and Miyada, 1987). Gels to be used 

for DNA hybridization studies were first treated in 0.25M HCI for 30 minutes with 

gentle agitation on a rotary platform. The gels were then rinsed with dH20 and 

the embedded DNA denatured for 30 minutes in 1.5 NaCI, 0.5 M NaOH. The gel 
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was then rinsed with dH20 and neutralized by agitation in 0.5 M Tris-CI pH 7.5, 

1.5 M NaCI. The gel was then placed well side down onto Whatman 3M paper 

and covered with plastic film wrap. The gel sandwich was placed paper side 

down into a slab gel dryer (BioRad Laboratories). The gel was dried under 

vacuum for 30 minutes with no heat and then for an additional 30 minutes with 

heat at 60°C. Dried gels (unblots) were stored wrapped in plastic film at room 

temperature until needed for Southern hybridization. 

2.12 Southern Hybridization 

The dried agarose gels of resolved chromosomal DNA of M. catarrhalis 

digested with the three mapping enzymes (Smal, A/of I, and Rsr\\) were probed 

with the individually isolated restriction endonuclease fragments. Blots used in 

Southern hybridizations were rehydrated in distilled H20 and placed in plastic 

bags containing 20 mLs of aqueous prehybridization/hybridization (APH) 

consisting of 5X SSC (750 mM NaCI, 75 mM Na3Citrate-2H20 pH 7.0), 5X 

Denhardt solution (0.1% w/v Ficoll 400, 0.1% w/v polyvinylpyrrolidone, 0.1% 

Bovine Serum Albumin), and 0.5% (w/v) SDS solution supplemented with 

denatured salmon sperm (100 jjg/ml). The bags were sealed with a heat sealer 

excluding all air bubbles. The bags were placed into a rocker hybridization oven 

(Robbins Scientific) preheated to 50°C and allowed to prehybridize for at least 15 

minutes with gentle rocking. Labeled probes were then added to the 

hybridization bag and incubation was allowed to proceed for another 16-20 

hours. After hybridization, the bags were cut open and the probe removed and 
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discarded as radioactive waste. The unblot was placed into a glass Pyrex dish 

containing 500 mLs of wash solution consisting of 2X SSC (300 mM NaCI, 30 

mM Na3Citrate»2H20 pH 7.0) and 0.2% SDS and agitated on a rotary platform for 

30 minutes at room temperature. The blots were then transferred to a second 

Pyrex dish containing wash solution and placed in a 50°C gyratory waterbath 

(New Brunswick Scientific). The blots were washed for an additional hour and 

then checked for residual radioactivity using a Geiger Mueller counter (ICN 

Scientific) with a thin-window pancake style detector. If the radioactivity (counts 

per minute; CPM) exceeded the lowest scale maximum deflection (500 CPM), 

the unblot was washed for an additional hour using a higher stringency wash in 

1X SSC (150 mM NaCI, 15 mM NasCitrate pH 7.0) and 0.25% SDS. The washed 

blots were then placed into a fresh plastic bag and sealed to prevent drying out. 

2.13 Autoradiography of Labeled Blots 

Sealed blots were placed into an autoradiography cassette containing a 

Lightning Plus intensifying screen (Dupont). In a dark room under red safelight, 

Kodak XAR film was placed between the gel and the intensifying screen and the 

cassette was closed and sealed in a black light-tight bag. The film was exposed 

for 24-48 hours at -80°C. The film was developed in an automated processor 

(All Pro 100 Developer). 
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CHAPTER 3 

RESULTS 

3.1 Preliminary Investigation of Suitable Enzymes for Chromosomal Mapping 

Agarose blocks containing Moraxella (Branhamella) catarrhalis 

chromosomal DNA were initially digested with all commercially available high GC 

six base-pair cutting restriction endonucleases and all available eight base-pair 

recognizing enzymes. Pulsed-field gels were prepared, electrophoresed and 

subsequently analyzed for suitable mapping enzymes (Figure 1). Based on the 

number of fragments generated and the ability to resolve these fragments by 

PFGE, three enzymes, /Vofl (10 fragments), RstII (6 fragments), and Smal (9 

fragments) were chosen to produce the physical map (Figure 2). A minimum of 

two enzymes is needed to produce an adequate physical map but the choice of 

three enzymes enables production of a map with greater resolution and one that 

is less likely to have errors due to incorrect fragment placement. 

3.2 Size and Nature of Moraxella (Branhamella) catarrhalis Chromosomal DNA 

The majority of undigested Moraxella (Branhamella) catarrhalis DNA does 

not migrate into pulsed-field gels indicating that the chromosomal DNA is circular 

in nature. The size of the Moraxella (Branhamella) catarrhalis genome was 

estimated to be 1750 kb from the addition of the fragments generated by each 

restriction endonuclease enzyme digestion of the chromosome (Table 2). 
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Figure 1: Initial screening of restriction endonucleases for suitable rare cutting 
enzymes. From this field of enzymes Afofl, RsrN, and Smal were chosen 
because they produced a small number of well separated fragments using 
PFGE. None of the eight base-pair recognizing (*) were suitable for mapping. 
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Figure 2: Separation of fragments produced by digestion of M. catarrhalis 
chromosomal DNA with Nod, Rsr\\, and Sma\. The fragments are numbered 
sequentially in descending order beginning with the largest fragment. 
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Fragment sizes (kb) obtained by digestion with: 
Fragment Not\ Rsi11 Smal l-Ceul 

1 580 780 830 1000 
2 235 340 330 375 

3 195 290 190 230 
4 187 255 122 140 
5 180 66 117 

6 110 24 78 

7 96 38 

8 87 26 

9 45 22 

10 39 

Estimated total genome length (kb) ± 25 kb 

1754 1755 1753 1745 

Table 1. Fragment sizes of the restriction-endonuclease digested Moraxella 
(Branhamella) catarrhalis ATCC25238 chromosomal DNA. Fragment lengths 
were determined based on relative migration of a lambda concatemer DNA size 
marker. 
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The sizes of the DNA fragments were estimated using a standard curve 

generated from lambda concatamer molecular weight markers electrophoresed 

concurrently with digested Moraxella (Branhamella) catarrhalis DNA (Figure 3). 

The estimated genome size from the three mapping enzymes is also in 

agreement with the size predicted by adding together the fragments generated 

by l-Cei/l digestion. The enzyme \-Ceu\ cleaves the chromosome within the 23S 

ribosomal RNA (RRNL). The digestion with l-Cei/l yielded 4 fragments 

suggesting the presence of four ribosomal RNA (RRNLS) operons in this 

organism (Figure 4). This was supported by Southern hybridization utilizing both 

16S (RRNS) and 23S oligonucleotide probes onto pulsed field gels containing 

resolved fragments generated by the three mapping enzymes (Figure 5). 
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Figure 3: Lambda concatemers were used to estimate the sizes of M catarrhalis 

fragments generated by restriction endonuclease digestion. The lambda genome 

is 48.5 kb in size. The concatamers are ligated lambda genomes which produce 

a (n X 48.5 kb) size ladder where n = number of ligated lambda genomes. 
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Figure 4: M. catarrhalis chromosomal DNA digested with l-Ceul intron 

recognizing restriction endonuclease. Four bands are observed indicating four 

cut sites and hence four 23S rRNA genes. Lambda concatemers serve as 

molecular weight markers. 
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16S rRNA 

Figure 5: Southern hybridization of the 16S rRNA oligonucleotide probe to M. 

catarrhalis PFGE digested and separated chromosomes. The panel on the left 

shows the ethidium bromide stained PFGE gel and the panel on the right shows 

the exposed autoradiogram of the washed unblot. 
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3.3 Creation of the Physical Map of Moraxella (Branhamella) catarrhalis 

Since the enzyme Rsr II only yielded six fragments this enzyme was used 

to perform partial digestions to obtain an initial linkage map (Figure 6). A pulsed-

field gel was prepared and electrophored using several lanes of Rsr II digested 

M. catarrhalis DNA. The gel was stained with Ethidium bromide and visualized 

under short wave ultraviolet radiation. The six individual fragments generated by 

complete Rsr\\ digestion were excised from the PFGE gel using a sharp single 

edge razor. The isolated fragments were purified from the agarose using Prep-

A-Gene matrix to yield purified DNA. The purified RsrII DNA was then used to 

probe dried PFGE gels containing A/ofl and Smal digested chromosomal DNA. 

Similarly, isolated fragments from A/ofl digestions and Smal digestions were used 

to probe resolved PFGE gels containing chromosomal DNA digested with the 

other two enzymes (Figure 7). Linkages were confirmed by hybridization of 

PFGE gels using individual restriction fragments spanning junction points 

between fragments generated by a second enzyme (Figure 8). Using these 

techniques we were able to produce a circular map of the Moraxella 

(Branhamella) catarrhalis genome (Figure 89). The alignment analyses indicates 

that Moraxella (Branhamella) catarrhalis has a single circular chromosome with 

an estimated genome size of 1750 Kb. 

3.4 Physical Mapping of Virulence-associated Genes and Housekeeping Genes 

Placement of genes onto the physical map was carried out using either 

synthetic oligonucleotide probes based on DNA sequences deposited into the 

Genebank or from DNA obtained from previously cloned genes. Cloned DNA for 

the outer membrane protein (OMP) genes, COP B, USP A1 and USP A2 were 

provided by Eric Hansen (UT-Southwestern Medical Center, Dallas, TX). 
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Figure 6: Rs/11 partial digest. M. catarrhalis DNA was partially digested with 

Rs/11. In addition to the six bands normally seen with complete digestion of the 

chromosome are extra partially digested fragments (*) which represent adjacent 

Rs/11 fragments not yet cleaved by the enzyme. 
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Figure 7: Hybridization of isolated Sma I-8 and Sma I-9 fragments onto PFGE 

gels containing M. catarrhalis DNA cut with the three mapping enzymes. In this 

case the inclusion of a Sma I digest lane serves to confirm that the correct band 

was excised from the gel in each case. This is confirmed as a single hybridizing 

band for each of Sma I-8 and Sma I-9. 
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Figure 8: Hybridization demonstrating an overlapping hybridization fragment. In 

this case Rsr 11-3 fragment is shown hybridizing back onto itself and onto four 

different Sma I fragments (2, 5, 6, 8), 
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Moraxella catarrhalis 
ATCC25238 

1750 kb 

Figure 9: A physical map of M. catarrhalis ATCC25238. The physical map was 

derived from the individual fragment cross-hybridization information and from the 

partial restriction endonuclease digestion information. The single circular 

chromosome is shown as a set of concentric circles representing the four 

different restriction enzymes and their respective cut sites. The shaded 

fragments indicate regions that do not match with the previous physcial map of 

M. catarrhalis ATCC25238. 
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Synthetic DNA oligonucleotide probes were prepared for the OMPs, OMPCD and 

OMPE and for ^-lactamase (bla) and amidase (ami) based on Genbank 

sequences. Cloned DNA was radiolabeled using random primer reactions and 

oligonucleotides were radiolabeled using an end-labeling technique. For each 

gene to be physically mapped a PFGE gel was prepared using the mapping 

enzymes and dried by the unblot procedure. Southern hybridization was 

performed for each gene to be placed on the physical map using the appropriate 

gene probe and a dried PFGE unblot gel. Each gene produced a single 

hybridization signal for each mapping enzyme and these hybridizing fragments 

overlapped when compared to the physical map. 

Using this technique the genes for outer-membrane proteins (OMPs), CopB, 

OmpCD, OmpE, UspA1 and UspA2 were placed onto the physical map (Figures 

10,11,12,13). Similarly, the gene for (̂ -lactamase (bla) and the adjacent 

amidase (ami) gene were also located on the physical map. 

Sequencing of random clones from a Moraxella (Branhamella) catarrhalis 

035E library was performed by Eric Hansen (UT-Southwestern Medical Center, 

Dallas TX). The sequences generated were subjected to BLAST homology 

analyses performed online using the National Center for Biocomputing 

Information (NCBI) server and the latest GenBank nucleotide sequence 

database. This tentatively identified housekeeping genes for a DNA ligase (dnl), 

a site-specific DNA methyltransferase (mtm), and a threonine dehydratase (thd). 

Using the library clones, DNA probes were prepared by random-primer labeling 

and used to probe pulsed-field gels of Moraxella (Branhamella) catarrhalis 

genomic DNA. 
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Figure 10: Localization of the gene for COPB onto the M. catarrhalis physical 

map. COPB maps to the Not I-2, Rs rll-4, and Sma I-5 fragment placing it on the 

left upper quadrant of the physical map shown in Figure 9. 
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Figure 11: Localization of the gene for OMPCD onto the M. catarrhalis physical 

map. OMPCD maps to the Not 1-1, Rsr II-2, and Sma 1-3 fragment placing it on 

the right upper quadrant of the physical map shown in Figure 9. 
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Figure 12: Localization of the gene for OMPE onto the M. catarrhalis physical 

map. OMPE maps to the Not I-7, Rsr 11-1, and Sma 1-1 fragment placing it on the 

left lower quadrant of the physical map shown in Figure 9. 
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Figure 13: Localization of the genes for USPA'l and USPA2 onto the M. 

catarrhalis physical map. USPA1 maps to the Not I-7, Rsr 11-1, and Sma 1-1 

fragment placing it on the left lower quadrant of the physical map shown in Figure 

8. USPA2 maps to the Not 1-10, Rsr II-3, and Sma I-6 fragment placing it on the 

left upper quadrant of the physical map shown in Figure 9. 
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The locations of the three genes were then placed onto the physical map along 

with the other mapped virulence associated genes (Figure 

14). A total of 10 new genes were placed onto the M. catarrhalis map along with 

the location of the four RRNLS operons. 
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Figure 14: Physical map of M. catarrhalis ATCC25238 showing the mapped 
locations of the ribosomal (RRNLS) operons and the 10 newly placed genes 
including 7 virulence factors. 
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CHAPTER 4 

DISCUSSION 

A physical map of Moraxella (Branhamella) catarrhalis ATCC25238 was 

constructed using three rare-cutting restriction endonucleases. Known virulence 

genes were placed onto this map by Southern hybridization. The physical map 

constructed is similar to the Moraxella (Branhamella) catarrhalis strain 

ATCC25238 map produced by Furihata et al using Not I and Sma I restriction 

endonucleases. However, our estimation of the total genome size is smaller 

(1750 kb vs 1940 kb) and there are significant differences in the linkage of the 

Not\ and Sma\ restriction fragments. The position of the differently mapped 

fragments are indicated on the new physical map constructed (Figure 9). Our 

linkage suggests that the Furihata map has reversed locations for the Not I-7 

and Not I-5 fragments. We have also placed the Sma I-9 fragment overlapping 

the Not 1-1 fragment instead of Not I-3 fragment as shown in the previous map. 

Furthermore, we show /Vofl-10 between A/of I-2 and Nott-3 instead of between 

Not 1-1 and Not I-6 as previously described. Finally we have located Sma I-7 

between Sma I-3 and Sma I-4 not between Sma I-2 and Sma 1-3 as previously 

shown. The authors of the previous mapping paper reported significant difficulty 

in generating the linking clones which is the method that they used to map 

adjacent fragments. In this technique, chromosomal DNA is first digested with a 



frequent cutting restriction endonuclesae, ligated and re-cut with either Smal or 

A/ofl. The authors were unable to accumulate several key linkages for their map. 

This difficulty in obtaining sufficient linking clones may have caused errors to 

occur in their map. Our use of three mapping enzymes which allowed for the 

generation of a greater number of overlapping fragments and our cross-

hybridization of these overlapping fragments allowed for additional confirmation 

of fragment positions and may account for the differences seen in the two maps. 

In order to be sure of our mapping strain we checked three different lots of 

Moraxelia (Branhamella) catarrhalis ATCC 25238 obtained from the American 

Type Culture Collection and found the restriction fragment pattern to be identical 

in all cases. Interestingly, the closely related strain Moraxelia (Branhamella) 

catarrhalis ATCC25240 contains many more Rsr II sites making this enzyme 

unsuitable for mapping in this strain. This phenomenon was also observed in 

Pseudomonas aeruginosa where strain PAO contains 15 Dpn I sites while 

closely related strains such as PAK or P1 contain too many Dpn I sites to be 

useful for physical mapping (Farinha, unpublished results). Such differences are 

probably due to different methylase/restriction endonuclease systems present in 

the individual strains. 

The previous physical map reported on the location of biosynthetic genes 

(amino acids, purines, pyrimidines) obtained by complementation of auxotrophic 

Escherichia colistrains using a Moraxelia (Branhamella) catarrhalis strain 035E 

cosmid library. These biosynthetic genes appear to be clustered in 
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approximately one half of the genome. Our results indicate that this same region 

also contains all four of the RRNLS operons. We used both 16S and 23S 

oligonucleotide probes as well as 23S rRNA intron recognizing restriction 

endonuclease \-Ceu I to determine the presence of the four linked 16S-23S map 

locations. The locations of the 5S rRNA genes were not determined. It is 

possible that the 5S rRNA genes are not linked with the 16-23S rRNA as is the 

case with some other organisms. The area outside of the biosynthetic region of 

the chromosome contains the genes for USPA1, USPP2, COPB, bta, ami and 

OMPE. 

The genes for the outer-membrane proteins genes, with the exception of 

ompCD, are distributed over a third of the chromosome within a region with no 

mapped biosynthetic genes. Interestingly, USPA1 and USPA2 which share 

significant sequence homology are at opposite ends of this virulence region (~ 

600 kb). UspA1 and UspA2 are high molecular weight OMPs which have been 

postulated to have separate functions in adherence to tracheal epithelial cells 

and serum resistance. CopB is an iron-regulated major OMP containing 

moderately conserved surface epitopes that has shown promise in increasing 

immune clearance of Moraxetla (Branhamella) catarrhalis in mice (9). OmpCD 

appears to be the major porin protein, analagous to OprF of Pseudomonas 

aeruginosa, and as such is a potential vaccine candidate. OmpE is homologous 

to Escherichia coli FadL, which is involved in fatty acid transport and is also 

related to porins of the OmpF family. The location of the 0-lactamase and 
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amidase genes have been described as contiguous from previous DNA 

sequence analysis submitted to GenBank (accesion no. U49269). Our 

hybridization gels showed a strong signal for the amidase (ami) gene and a 

weaker signal for the ^-lactamase (bla) gene but both mapped to the same 

chromosomal location. The nature of the (̂ -lactamase gene in strain 

ATCC25238 is not known but the oligonucleotide probe used is a good match for 

both the BRO-1 and BRO-2 ̂ -lactamases produced by various strains of 

Moraxella (Branhamella) catarrhafis. 

It is tempting to speculate from the mapping pattern that the virulence-

associated genes are clustered to a region of the Genome bounded by USPA1 

and USPA2. More genes will need to be placed on the map to support this 

theory. Clustering of virulence genes may indicate the presence of a global 

regulon or recent acquisition of genetic material by horizontal transfer. 

The use of limited random sequencing may assist in filling out the genetic 

map. This is much easier than complementation cloning of genes which 

sometimes proves difficult with M. catarrhalis trarrfers to Escherichia coli. From a 

single random sequencing run of cosmid clones of an M. catarrhalis 035E library 

(20 reactions), three housekeeping genes were tentatively identified. The 

criteria for identification was a > 70% match at the level of DNA identity using 

the NCBI BLAST algorithm. The genes identified were a site-specific 

methyltransferase (mtm), a threonine dehydratase (thd), and a DNA ligase (dnl). 

Such random sequencing performed by an automated sequencer can produce 
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several matches per sequencing cycle and represents an effienct method for 

filling in genetic markers on a physical map. 

The production of an accurate physical map will be of significant benefit 

for those who study M. catarrhalis genetics and virulence mechanisms. The map 

should also benefit those who are interested in using pulsed-field gel 

electrophoresis for epidemiological typing of clinical isolates of M. catarrhalis. 
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