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ABSTRACT

Characterization of an S-layer-like Protein and Select Antimicrobial Factors of the
Novel Species Lactobacillus coleohominis.

Nicole Ann Marie Ayala, B.S. University of Wisconsin- Madison

Lactobacilli in the vaginal tract have been reported be protective against
infections with vaginal pathogenic microorganisms through the production of
antimicrobial factors, competition for adherence to vaginal epithelium, and co-
aggregation with pathogens to aid in their clearing. In addition, the antimicrobial
factors produced by certain species of laciobacilli have even been shown to interrupt
the replication or alter the function of select viruses. Vaginal lactobacilli have been
investigated for their antimicrobial characteristics, but little is known about the novel
species L. coleohominis. recently described in vaginal isolates (Nikolaitchouk et al.
2001). It was hypothesized that L. coleohominis, found in the vaginal
microenvironment. would have similar characteristics to L. iners, a less protective
inhabitant of the vagina. The goal of this thesis research was to initially characterize
the antimicrobial factors of L. coleohominis, investigate a possible S-layer protein, and
later compare the characteristics ‘of L. coleohominis to other vaginal lactobacilli. The
initial characterization involveél analysis of cell and colony morphology, aggregation
patterns, and lactic acid production. Further studies included reporting the reaction in

litmus milk, investigating whether bacteriocins are produced, analyzing a possible S-



layer protein gene through molecular means, and examining cell surface extracts
through SDS-PAGE. UV-vis spectroscopy, intrinsic fluorescence spectroscopy, and
Fourier transform infrared spectroscopy. Results indicated that L. coleohominis
exhibited strong similarities to L. iners in regards to cell and colony morphology,
aggregation patterns, and characteristics of cell surface proteins. These results suggest
that L. coleohominis is likely a weak colonizer and would not provide the best

protection against pathogenic microorganisms.
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INTRODUCTION

A probiotic is “a live microorganism which, when administered in adequate
amounts, confers a health benefit on the host,” (Spurbeck et al. 2010). Of the major
human probiotics, many of them are in the genus: Lactobacillus or Bifidobacterium
(Pridmore et al. 2008). Lactobacillus is the largest genus of the Clostridium
subphylum with over 80 known species (Nikolaitchouk 2001). Taxonomically,
lactobacilli are classified in the kingdom Eubacteria, phylum Firmicutes, class Bacilli,
order Lactobacillales, and family Lactobacillaceae (Leeber et al. 2008).

Lactobacilli are Gram-positive, non-spore-forming, facultatively anaerobic,
catalase-negative rods (Boris et al. 1997). They metabolize carbohydrates to make
lactic acid as a major end-product (Falsen et al. 1999). They can grow in temperatures
ranging from 5° C to 45° C, but they have strict growth requirements and need
additional nutrients supplemented into their media such as amino acids, fatty acids,
salts, peptides, nucleic acids, and other components (Vodnar et al. 2010). Lactobacilli
are found naturally in plants, milk, meat, and mucosal surfaces of many mammals
(Goh et al. 2010). They can be found in the infant gastrointestinal tract, but they do not
colonize the female urogenital tract until later in life, when the host reaches
reproductive age (Leeber et al. 2008). Some species of lactobacilli have been found to

cause food spoiling (Avall et al. 2005), while other species have been used as

additives in foods to prevent spoiling.



Lactobacilli in the gastrointestinal tract have the ability to modulate or focus the
immune system. This ability has encouraged researchers to use lactobacilli as a vector
for delivery of live vaccines (Martinez et al. 2000). Lactobacillus acidophilus is an
important part of the normal gastrointestinal microbiota (Muriana et al. 1987). This
species is helpful because it stimulates the production of IgA, maintains the
gastrointestinal microbiotal balance, alleviates lactose intolerance by assisting in
lactose digestion, and alleviates cold-like symptoms in children (Goh et al. 2010).
Because of these health benefits, lactobacilli are being added to commercial foods
such as yogurt.

In the vaginal tract, lactobacilli are beneficial due to their production of
antimicrobial compounds. These include lactic acid, which lowers the pH of the
environment; hydrogen peroxide, which is a powerful oxidizer; and bacteriocins,
which attack the membrane, prevent the proton motive force, or inhibit DNA and/or
RNA synthesis (Mossie et al. 1979), (Bruno et al. 1993), (Venema et al. 1995). They
are also protective due to competition for adherence to host tissues and stimulation of
the immune system (i.e. macrophages and lymphocytes) (Ruiz et al. 2009).

One of the natural, antimicrobial compounds of lactobacilli are bacteriocins
which are proteinaceous, toxic compounds that are produced by bacteria to inhibit the
growth of related microorganisms. They often kill other microprganisms in order to
eliminate competition for nutrienfs (Tobascoa et al. 2009). Researchers are suggesting
to use them for replacing antibiotics (Ruiz et al. 2009), preserving food (Vera et al.

2007), and eliminating household molds (Yang et al. 2004). Bacteriocins are produced



by a limited number of species of lactobacilli, and they are not produced by all strains
within each species. Bacteriocin-producing strains tend to have a greater ability to
protect against pathogenic microorganisms, however, some researchers have
suggested that bacteriocin production must be induced, or triggered, by some other
means in order to promote their production; therefore, the mechanisms of induction
are an area of great interest in lactobacilli research.

An important characteristic of several bacterial species is their ability to co-
aggregate with other species which aids in the clearing of pathogenic microorganisms.
They may also self-aggregate, or form clumps with members of the same species.
Self-aggregation has been shown to increase conjugation (Reniero et al. 1992), prevent
IgA attacks on lactobacilli, and allow lactobacilli to form a protective barrier against
pathogenic microorganisms (Goh et al. 2010).

Gram-positive bacteria have a thick cell wall that is composed of peptidoglycan
and surrounded by proteins, polysaccharides, and lipoteichoic acids. In most
lactobacilli, the proteins that are on the outermost part of the cell wall are called S-
layer proteins. They form a paracrystalline lattice that is uniform in distribution around
the cell (Leeber et al. 2008). S-layer proteins have been reported to constitute about
10% of the total cell protein mass (Boot et al. 1993). They form a porous structure,
causing 70% of the bacterial cell surface to be porous (Avall et al. 2005). S-layers are
5-15 nm thick with a smooth outer surface and a complex structured inner surface.

They are attached to the cell surface by charge interactions and may be removed using



guanidine hydrochloride and concentrated salts such as lithium chloride (Turner et al.
1997).

The major function of the S-layer proteins of lactobacilli appears to confer
adherence. There are two commonly accepted theories as to why adherence is so
important. One involves the adherence of lactobacilli to host tissues. If they adhere to
the tissues of the female reproductive tract, this would inhibit the adherence of other,
opportunistic pathogens from adhering and colonizing. The other theory is that
lactobacilli adhere to pathogenic bacteria to prevent them from infecting the host
tissue and clear that species from the area.

The vaginal tract may serve as an entrance for opportunistic microorganisms. In
women of reproductive age, the vagina is typically protected by a mutualistic
colonization of lactobacilli, a genus initially described in the late 19" century by
German gynecologist Albert Doderlein (Conti et al. 2009). In many women,
lactobacilli do not maintain their colonization or diminish in numbers, due to
douching, smoking, drug use, use of antibiotics, and risky sexual behavior (Hawes et
al. 1996). This gives way to colonization of opportunistic pathogens such as
Chlamydia and Neisseria gonorrhoeae. During pregnancy, a diminished number of
lactobacilli can lead to infections of the amniotic fluid and, in some cases, preterm
birth. It is unknown whether the occurrence of disease in the reproductive tract is due
to the depletion of lactobacilli which allows pathogenic microorganisms to invade, or
whether the pathogenic microorganisms are the cause of the reduced levels of

lactobacilli. The most common species of lactobacilli found in the vaginal tract are L.



iners, L. crispatus, L. gasseri, and L. jensenii (Leeber et al. 2008). The presence of
Lactobacillus crispatus in the vaginal tract is indicative of a stable vaginal flora while
the presence of Lactobacillus gasseri or Lactobacillus iners is indicative of an
unstable vaginal microenvironment (Verstraelen 2009).

Bacterial vaginosis (BV) is a common infection of the urogenital tract in
women. Some scientists believe that Gardnerella vaginalis, a Gram-variable
bacterium, is the primary cause of BV (Zozaya et al. 2010), while other scientists
believe that BV is not caused by one particular microorganism, rather, an imbalance in
the vaginal microbiota leaves the vagina vulnerable to infection with multiple
opportunistic pathogens. The imbalance is likely due to the reduction or complete
absence of lactobacilli or a decrease in production of antimicrobial substances by the
lactobacilli which open them up for attack by pathogens (Conti et al. 2009). The
symptoms of BV include odorous discharge, preterm birth, and post-operative
complications. BV can also predispose women to sexually transmitted diseases.

BV has been associated with human papillomavirus (HPV) and herpes simplex
virus type 2 (HSV-2) infections. That is, when BV is present, lactobacilli numbers are
reduced or eliminated, and the incidence of HPV and HSV-2 increases. Several factors
contribute to the antiviral abilities of lactobacilli. The hydrogen peroxide that is
produced by Lactobacillus ac{ddphilus has been demonstrated to alter the function of
human immunodeficiency virus type 1 (HIV-1), and the cell-free supernatant of

certain species of lactobacilli has the ability to inhibit replication of HSV-2.



Lactobacilli adhere to host tissues to block viral entry, and produce proteins and
compounds that inhibit viral replication (Conti et al 2009).

There also exists a correlation between HIV and the species of lactobacilli
present in the urogenital tract. As the concentration of select species of lactobacilli
increases, the HIV viral load tends to decrease (Conti et al. 2009). L. crispatus and L.
Jensenii both produce hydrogen peroxide, remain continuously present throughout a
woman’s reproductive life-cycle, and seem to provide the most protection against HIV
(Rabe 2003). Women colonized with L. iners, however, show a higher risk for the
development of sexually transmitted infections (Zozaya 2010).

Another common disease that affects the urogenital tract of both men and
women worldwide is gonorrhea, caused by the bacterium Neisseria gonorrhoeae. This
bacterium has developed resistance to each new antibiotic that is used to treat it.
Lactobacilli can secrete proteins or molecules that interfere with the virulence of the
pathogen. Lactobacillus jensenii, a vaginal isolate, has been studied directly for its
ability to inhibit colonization of Neisseria gonorrhoeae in the vaginal tract. A surface
protein has been isolated and demonstrated to prevent the adherence of M
gonorrhoeae to host tissues. This bacterium or its extracted surface proteins may be
used to replace the current, failing antibiotics (Spurbeck et al. 2010).

Different strains of lactobacilli have different properties, and it is difficult to
generalize characteristics of all of the strains of a specific species (Leeber et al. 2008).

This project focused on multiple clinical strains of L. gasseri, L. crispatus, L. jensenii,

L. acidophilus, L. iners, and L. coleohominis.



Lactobacillus coleohominis was recognized as its own species by Natalia
Nikolaitchouk and colleagues at the University of Goteborg, Sweden in 2001
(Nikolaitchouk et al. 2001). It is a Gram-positive facultative anaerobe that is rod-
shaped, catalase-negative, and oxidase-negative, which is consistent with the
Lactobacillus genus; but it differs genetically to the extent that it is classified as its
own, distinct species. It has recently been cultured from human reproductive tracts, but
not much is known about it.

Lactobacillus iners, formerly known as Lactobacillus strain 1086, is a species
that has been found in the vaginal flora of women who have bacterial vaginosis. This
suggests that L.iners does not have the ability to protect against disease-causing
microorganisms while maintaining colonization (Rabe et al. 2003). Lactobacillus iners
was first described as its own species by Falsen et al. in 1999. It appears to colonize
the vaginal tract when the vaginal health is in a transitional stage from healthy to non-
healthy and vice versa. Also, L. iners alters its colonization due to hormonal changes.
That is, differing levels of certain hormones will promote or inhibit the colonization of
L. iners (Jacobsohn et al. 2008).

Lactobacillus crispatus is recognized for its ability to adhere to collagen by way
of an S-layer protein, and its ability to bind to specific human cells, such as vaginal
epithelial cells, erythrocytes, and sperm cells. The S-layer protein of L. crispatus,
known as CbsA, has been fuily characterized and has been expressed in the non-

adhering species of bacteria Lactococcus lactis by transformation (Avall et al. 2003).



L. crispatus CTV05 has been used in clinical studies as a vaginal suppository to
promote the growth of this species in the vaginal tract (Hawes et al. 1996).

Due to its use as a probiotic in human food products, the complete genome of
Lactobacillus acidophilus has been sequenced (Goh et al. 2009). L. acidophilus is
commonly found in the mammalian gastrointestinal tract and is the most extensively
studied species of lactobacilli (Toba et al. 1995). Both L. acidophilus 4356 and L.
crispatus CTV05 served as the representative standards for this project.

The goal of this thesis research was to initially characterize the antimicrobial
factors of the newly identified species of lactobacilli, Lactobacillus coleohominis, and
investigate a possible S-layer protein. Later studies included the comparison of L.
coleohominis to other, previously characterized species of vaginal lactobacilli. To
study antimicrobial activity, the aggregation patterns, production of lactic acid, and
production of bacteriocins were examined. In addition, it was sought to study a
possible S-layer protein by molecular means. The cell surface proteins were then
extracted and examined through SDS-PAGE, UV-vis spectroscopy, intrinsic
fluorescence spectroscopy, and Fourier transform electron microscopy. The results

from these experiments further elucidate the role of lactobacilli in promoting vaginal

health.



CHAPTER 1

Aggregation patterns, lactic acid production, and bacteriocin production of
vaginal lactobacilli.

1.0. Introduction

Lactobacilli are considered probiotics because they provide health benefits in
the gastrointestinal and vaginal tracts. Some health benefits include lowering serum
cholesterol levels, stimulating immunoglobulin production, and binding mutagenic
compounds (Boot et al. 1996). Certain species of lactobacilli can induce regulatory T-
cells and prevent damage to the immune system by pathogenic microorganisms
(Konstantinov et al. 2008). In the vaginal tract, lactobacilli are beneficial due to their
production of antimicrobial lactic acid, hydrogen peroxide, and bacteriocins.

In 1780, C.W. Scheele, a Swedish scientist discovered that lactic acid is
produced by bacteria in sour milk. Lactic aclzid appears in two forms, the D (-) form
and the L (+) form. The D (-) form is harmful to humans in high levels, so bacteria
that produce the L (+) form are used to enhance foods (Vodnar et al. 2010). Lactic
acid bacteria (LAB), like lactobacilli, have the ability to produce lactic acid through
fermentation (Avall et al. 2005). There are three different categories of lactobacilli
based on the fates of lactic acid production. The homofermentative group produces
fermentation end-products consisting of over 85% lactic acid. The heterofermentative
group produces fermentation end-products consisting of about 50% lactic acid. The
Jacultatively heterofermentative group will produce lactic acid as a fermentation end-

product only under certain conditions (Vodnar et al. 2010). L. acidophilus, L.
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crispatus, L. gasseri, and L. jensenii have all been classified as homofermentative, but
it is not yet been determined which group L. iners and L. coleohominis are found in
(Toit et al. 2001). LAB are useful because they produce an acidic environment, as low
as pH 4.0, which inhibits the growth of many human pathogens (Vodnar et al. 2010).

Bacteriocins are antimicrobial proteins that are secreted by certain species of
lactobacilli to inhibit the growth of closely related microorganisms. The bacteriocins
produced by lactobacilli can be divided into 4 classes, I-IV. Class I, the lantibiotics,
contains small membrane-active peptides that have the amino acid lanthionine. Class
IT consists of small, heat-stable, non-lanthionine, membrane-active proteins. Class III
consists of large, heat-labile proteins. To this date, members of class III have only
been found in lactobacilli. Class IV consists of complexes, often containing lipid or
carbohydrate side-chains (Alpay et al. 2003). Another class of bacteriocins, class V,
has circular, unmodified structures, but class V bacteriocins are not known to be
produced by lactobacilli (Pascual et al. 2008).

There are several modes of action for bacteriocins, depending on the type of
bacteriocin that is produced. Lantibiotics have been reported to attack the cytoplasmic
membrane in order to destroy the membrane potential. Non-lantibiotics typically
inhibit the synthesis of DNA and RNA (Venema et al. 1995). Some types of
bacteriocins interrupt the protonlmotive force which dissipates the energy required for
essential life functions. The proton motive force is directly involved in movement of

the flagella and in drug excretion systems that protect cells from drugs (Bruno et al.

1993).
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The genes encoding bacteriocins have not been found to be plasmid associated
(Muriana et al. 1987). More current research has evaluated the exact genetic locus and
sequence of genes that encode bacteriocins (Klaenhammer et al. 2008). Bacteriocin
production is regulated through a mechanism similar to quorum sensing. The bacteria
secrete an autoinducer molecule, sense its concentration, and produce bacteriocins
when the concentration is at a certain level. In order to induce bacteriocin production,
the bacteriocin-producing microorganisms must be co-cultured with live cells at
comparable concentrations (Tobascoa et al. 2009). Some bacteria require the
combination of two or more bacteriocins in order to inhibit growth of competitor
microorganisms (Diep et al. 1996). These bacteriocin complexes that are formed likely
require the use of an autoinducer.

Analyzing the aggregation patterns of lactobacilli is an important way to
observe whether aggregation is taking place. Aggregation involves the ability of
microorganisms to come together and form clumps. They can self-aggregate with
other members of their species or can co-aggregate with members of different species.

An aggregation-promoting factor (APF) is a protein that has been identified to
aid in aggregation. It has been initially characterized in the vaginal isolate L. gasseri
(Boris et al. 1997). Its mode of action has not been discovered, and there is no known
APF receptor, but it appears to associate with the S-layer, and it contributes to cell
shape (Goh et al. 2010). APF has been found in the supernatant as well as in the cell
membrane of stationary cells, and it can be extracted using LiCl (Jankovic et al. 2003).

Lactobacillus acidophilus has been previously described to co-aggregate with other
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species of bacteria such as Staphylococcus aureus. APFs of L. acidophilus promote
survival in the presence of bile which may assist them in colonizing the small
intestine.

For the initial characterization of the lactobacilli, Gram stains were performed,
colony morphology was examined, and their ability to self-aggregate was studied.
Further research involved analyzing the lactic acid production, relative culture pH,
reaction in litmus milk, and their ability to kill other species of bacteria that may

colonize the vaginal tract.

1.1. Materials and Methods
1.1.1. Bacterial strains and media.

The clinical strains used for this thesis were obtained from the laboratory of Dr.
Sharon Hillier at the Magee Women’s Research Institute; University of Pittsburgh
Medical Center. The lactobacilli taken from clinical subjects included Lactobacillus
coleohominis, Lactobacillus iners, Lactobacillus crispatus, Lactobacillus gasseri,
Lactobacillus acidophilus, and Lactobacillus Jensenii (Table 1.1). Indicator strains
that were used in the bacteriocin assay included Escherichia coli, Candida albicans,
Streptococcus  thermophilus, Lactococcus lactis, Staphylococcus  aureus, and
Enterococcus faecalis (Presque Isle Cultures, Erie, PA) (Table 1.2). All bacteria and
yeast were grown in Man-Rogoéa-Sharpe (MRS) broth. All lactobacilli cultures were
grown at 37° C for 72 hours in the presence of 5% CO,. Indicator cultures were grown

according to specified growth conditions (Table 1.2). Subcultures were created in
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MRS broth. Streaked plates were examined for colony morphology, cells were Gram

stained for microscopic examination of cell morphology and purity of culture.

Species Strain Number  Abbreviation
L. coleohominis  HUZ 427 484-9 Coleo 484-9
L. coleohominis  HUZ 427 515-3 Coleo 515-3
L. coleohominis  HUZ 602 245-3 Coleo 245-3
L. coleohominis  HUZ 602 269-1R  Coleo 269-1R
L. iners HUZ 602 276-2 Iners 276-2
L. iners HUZ 602 238-1 Iners 238-1
L. iners HUZ 602 248-14  Iners 248-14
L. iners HUZ 602 245-2 Iners 245-2
L. acidophilus 4356 Acid 4356
L. jensenii HUZ 602 293-a Jens 293-a
L. jensenii HUZ 602 295-4 Jens 295-4
L. gasseri HUZ 602 300-2 Gas 300-2
L. gasseri HUZ 602 264-1 Gas 264-1
L. crispatus HUZ 602 277-1 Crisp 277-1
L. crispatus CTVO05 Crisp CTV05

TABLE 1.1. Lactobacilli strains from the University of Pittsburgh Medical Center,

Magee Women's Research Institute.

Species Catalog#  Growth Conditions
Escherichia coli 336 37° C,.24 h, aerobic
Candida albicans 925 37° C, 24 h, aerobic
Streptococcus thermophilus 521 37°C,48 h, CO,
Lactococcus lactis 525A 37°C, 48 h, CO,
Staphylococcus aureus 4651 37° C, 24 h, aerobic
Enterococcus faecalis 522A  37°C,48 h, CO,

Table 1.2. Bacterial strains from Presque Isle Cultures (Erie, PA).
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1.1.2. Culture aggregation patterns.

Each strain of lactobacilli was grown to stationary phase in polystyrene tubes
and in glass tubes. The growth and aggregation patterns of the cultures were recorded
after the initial growth from a frozen stock and after four passes.

1.1.3. Detection of lactic acid through HPLC.

Stationary phase cultures of lactobacilli were centrifuged at 3,000 x g for 10
min. and the supernatants were collected. The supernatants were heated to 95° C for
15 min., and centrifuged a second time. Each supernatant was run through a C18
reversed-phase column using a phosphate buffer (50 mM Na,HPO, dissolved in water
and pH adjusted to 7.4 using 1 M HCI) with a flow rate of 1 ml per min. A photodiode
array (PDA) detector was used to sense the chemicals as they passed through the
column, and a chromatogram was created using the Lab Solutions™ program. The
column was stored in 10% methanol between uses.

1.1.4. Relative pH of the cultures.
Lactobacilli were grown to stationary phase. The cultures were vortexed briefly

to create uniform turbidity and the pH was determined using a pH meter calibrated at

4.0 and 7.0.
1.1.5. Reaction in litmus milk.
Lactobacilli were grown to stationary phase in litmus milk medium. Reactions

in the litmus milk were analyzed immediately after incubation.
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1.1.6. Bacteriocin assay.

This protocol was based on the previously published bacteriocin assay by
Barefoot et. al. 1983. Each Lactobacillus strain was plated for isolated colonies on
MRS agar and grown to stationary phase. Each indicator cﬁlture was grown at 37° C
to stationary phase in the specified conditions listed in Table 1.2. The indicator strains
were prepared by adding 250 ul of a 1:10 dilution to 10 ml of 0.5% soft MRS agar.
The soft agar was poured over MRS agar plates and allowed to solidify. Colonies of
different lactobacilli species were stabbed through the soft agar into the MRS agar,
and separate plates were incubated at 37° C overnight in both aerobic and CO,
conditions. The plates were then examined for zones of clearing around the stab
points.

1.2. Results
1.2.1. Colony and cell morphologies.

Each species of lactobacilli was examined for colony morphology. Figure 1.1
illustrates the colony morphologies of different species of lactobacilli. L. acidophilus
and L. crispatus produce faint colonies that are almost transparent. L. jensenii 293-q,
L. iners 276-2, L. coleohominis 245-3, and L. coleohominis 515-3 produce medium
sized colonies with a dense center and fading edge. L. coleohominis 269-1R produces
large colonies with an irregular edge and dense center. L. coieohomim‘s 484-9 and L.
iners 248-14 produce smaller colonies with a smooth edge and dense center. L.

Jensenii 295-4 and L. iners 238-1 produce extremely small colonies with dense centers

and fading edges.
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Fi 1.1. Colony orpology of lactobacilli.

Figures 1.2 and 1.3 show the Gram stains of select species of lactobacilli. All of
the lactobacilli are Gram-positive. L. acidophilus and L. crispatus are large, long rods.
L. gasseri are long rods that appear to be connected in strings from end-to-end. L.
jensenii are smaller rods that form a bent vibrio or spirilla shape. L. coleohominis and

L. iners are short, fat rods that look very similar.



Figure 1.2. Gram stains of select species of lactobacilli.
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Figure 1.3. Gram stains of select specis of lactobacilli.

1.2.2. Differences in aggregation of lactobacilli.

The aggregation patterns of lactobacilli are illustrated in Figure 1.4. When
lactobacilli were grown in polystyrene tubes from the original frozen stock (tube
number 1 of each species), L. acidophilus began growth as a sediment at the bottom of
the tube, L. crispatus began growth as a self-aggregated, folded structure on the
bottom of the tube, L. gasseri began growth as a lattice up the side of the tube, and L.
iners, L. coleohominis, and L. jensenii began growth as uniform turbidity. When
lactobacilli were growth in glass tubes from the original frozgn stock (tube 2 of each
species), all species showed self-aggregated clumps, some of which<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>