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Abstract

Abstract

Many of the cellular mechanisms underlying host responses to pathogens
have been well conserved during evolution. Homeostatic interactions between
insects and commensal microbes are widespread in nature. Commensal
microbes have many roles in the biology and lifecycle of most insect species,
affecting different aspects of their life. The recently recognized acetic acid
bacteria (AAB) are the most abundant microorganisms in the insects and also
metabolically linked to one another. These symbionts establish close
interactions with their animal host, including insects and mosquitoes. In
particular, gut microbiota establishes strict interactions with its host and,
indeed, close interactions are established among the different microbial
partners. Fine regulation of the immunity in the host gut is required for
homeostasis of gut microbiota. A recent study highlighted the role of bacterium-
secreted uracil as a signal molecule controlling immunity in the gut of flies.
Moreover, diversity of microbial symbionts suggests that synergistic activity in
their role is favored. This gut bacterial symbionts have a role in the fithess of
insects that are vectors of the most severe diseases in plant, animal and
human affecting the agricultural production and the environment. The
mosquitoes Anopheles are vectors of Plasmodium parasites, the causative
agents of malaria. Asaia is a useful model for the study of promising tools in the

control of disease-transmitting mosquitoes like Anopheles and AAB symbionts.

The aim of my Ph.D. research work was to explore the molecular factors of
acetic acid bacteria (AAB) involved in the interaction with the host in order to
unveil targets addressable for novel strategies of pathogen biocontrol. The
purpose was challenged by a comparative proteomic approach considering
Asaia SF2.1 as a model AAB-symbiont. Since this approach is based on the
analysis of two-dimensional electrophoresis (2D-PAGE) protein profiles, it
requires a consistent amount of bacterial-specific protein that cannot be
achieved in the gut environment. To this end, hypoxia was applied as a model

condition eliciting or suppressing pathways possibly involved in the symbiotic
1



Abstract

interaction. Hypoxia condition was applied to mimic the insect gut condition,

where the oxygen concentration is usually low from 2% to 8%.

Microbial population of model host insects (Drosophyla suzukii and
Anopheles stephensi) was characterized by using 16S rRNA and ITS-PCR.
The analysis showed that Asaia SF2.1 is among the most abundant acetic acid
bacteria (AAB) species. Most abundant AAB species were selected from each
genus (i.e. Gluconobacter, Acetobacter, Komagataeibacter and Asaia) and the
biomass production was defined. Furthermore, for all strains, conditions for
protein extraction methods were optimized followed by protein quality
assessment and quantification. Asaia SF2.1 was selected for comparative
proteomic approach based on the availability of genome sequence, protein
quality and quantity. Different sample preparation methods were used for the
setup of protein extraction. The best method for protein extraction was selected

and was followed by optimization of the 2D-PAGE run conditions.

Using bioreactor, hypoxia (6%) and normal (20%) condition (control) of
Asaia SF2.1 were setup and growth data evaluated. 2D-PAGE protein profiles
of more than 220 spots were obtained by applying the optimized protocol. Total
12 protein spots with altered expression differences were observed and the
corresponding proteins were identified by mass spectrometry technique. MS
analysis identified different proteins from the selected spots and functional
categorization of proteins was carried out according to the annotated
information. Protein spots were mostly identified as being involved in
transcription, cellular respiratory function, cell wall biogenesis, protein
biosynthesis, pentose-phosphate shunt. Gene ontology analysis suggested
interesting putative candidate pathways involved in endosymbiosis, thus paving

targets for biocontrol strategies.
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Aim of the work

Homeostatic interactions between insects and commensal microbes are
widespread in nature. Commensal microbes have many roles in the biology
and lifecycle of most insect species, affecting different aspects of their life.
Recently recognized prokaryotes of acetic acid bacteria (AAB), genera
Gluconobacter, Acetobacter, Komagataeibacter and Asaia, the most abundant
microorganisms in the insects and also metabolically linked to one another. In
this last recent years, the microbiota associated to insects, and the
mechanisms determining these associations, are under investigation. In
particular, gut microbiota symbionts have a role in the fitness of insects that are
vectors of the most severe diseases in plant, animal and human affecting the

agricultural production and the environment.

The gut microbiota establishes strict interactions with its host and,
indeed, close interactions are established among the different microbial
partners. Fine regulation of the immunity in the host gut is required for
homeostasis of gut microbiota. A recent study highlighted the role of bacterium-
secreted uracil as a signal molecule controlling immunity in the gut of flies.
Moreover, diversity of microbial symbionts suggests that synergistic activity in
their role is favored. The mosquitoes Anopheles are vectors of Plasmodium
parasites, the causative agents of malaria. Promising tools in the control of
disease-transmitting mosquitoes like Anopheles and AAB symbionts, ‘Asaia’ is
a useful model. The aim of my Ph.D. research work was to explore the
molecular factors of acetic acid bacteria (AAB) involved in the interaction with
the host in order to unveil targets addressable for novel strategies of pathogen
biocontrol. The purpose was challenged by a comparative proteomic approach
considering Asaia SF2.1 as a model AAB-symbiont. Since this approach
requires a consistent amount of bacterial-specific protein, hypoxia was applied
as a model condition eliciting or suppressing pathways possibly involved in the
symbiotic interaction. Hypoxia condition was applied to mimic the insect gut

condition, where the oxygen concentration is usually low from 2% to 8%.

4



Aim of the work

The aim of work was to evaluate the endosymbionts of Acetic Acid
Bacteria (AAB) biomass and optimization of protein extraction method for 2D-
PAGE setup. The endo symbionts of AAB biomass isolated from Anopheles
stephensi, D. suzukii, which belongs to four genera, i.e. Komagataeibacter,
Gluconobacter, Asaia and Acetobacter. Each genus with most abundant
species of isolates were selected and evaluated the growth curve and

harvested the bacterial biomass in the late exponential phase.

Further review on the deepen knowledge of experiments were discussed
to evaluate which protein extraction method is more appropriate and suitable in
order to perform the proteomic profiles by two-dimensional gel electrophoresis
(2DE) of selected acetic acid bacterial (AAB) symbionts. The following steps
were involved: The condition for protein extraction methods were optimized and
obtained the good quality of protein extraction of all strains of AAB using SDS-
PAGE. Further quantification of protein were performed by Bradford method
and measured the amount of protein concentration of all strains. The
approximate amount of protein required for 2D-PAGE setup were confirmed by
Bradford method. In comparison with all AAB strains, Asaia SF2.1 were
selected for further 2D-PAGE setup based on the protein quality, quantity and

availability of genome sequence.

To setup 2D-PAGE of Asaia SF2.1, different trials of sample preparation
methods were followed such as Urea buffer extract, NaOH and TCA-acetone
and extracted the protein followed by 2D-PAGE setup and focused the clear
round spots. The protein were extracted from different methods followed by Iso-
electric focusing (IEF) program were optimized and in second dimension the
proteins were separated according to the molecular weight. Finally, the results
from gel images concludes, that TCA-acetone were the best method, which
showed the good quality of protein and obtained the clear spots of protein

profile of Asaia SF2.1 compared to other methods.

In order to mimic the insect gut condition (hypoxia condition) growth of

Asaia SF2.1. The aim was to setup different growth condition (i.e., hypoxia 6%
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and normal 20%) of Asaia SF2.1 and to perform the comparative proteomic

analysis by 2D-PAGE followed by mass spectrometry analysis.

To set up the hypoxia condition (6% oxygen) and normal condition (20%
oxygen) of Asaia SF2.1 were grown in bioreactor and successfully setup the
different percentage of dissolved oxygen, and evaluated the growth curve and
mass cultivation of Asaia SF2.1. Five replicates of 2DE gels were obtained from
both conditions by using TCA-acetone protein extraction method. The 2DE gel
image analysis were done using ImageMaster 2D Platinum 6.0 program and
analyzed the Asaia SF2.1 protein expression profile. Based on the protein
expression profile of two different condition (6% and 20% oxygen), protein
spots were selected for mass spectrometry (MS) analysis for identification of

proteins with the expression altered by the “interaction” condition.

From MS analysis results, among different proteins, we obtained
interesting candidates such as 6-phosphogluconate dehydrogenase,
Transaldolase, and Aconitate hydratase and in particularly, it's interesting to
confirm further about 6-phosphogluconate dehydrogenase role in insect gut
function, which is an important enzyme of oxidative phase of pentose

phosphate pathway (PPP).

In conclusion, further studies required to confirm the role of 6-
phosphogluconate dehydrogenase in cellular function and thereby it may be the

good strategy for biocontrol of pathogen transmission in insects.
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Acetic Acid Bacteria, an Endo-symbionts

bacteria and its growth

Abstract

Bacterial population growth require inoculation of viable cells into a sterile broth
medium and incubation of the culture under optimum temperature, pH, and
gaseous conditions. The aim of work was the evaluation of different phases of
Acetic Acid Bacteria (AAB) growth and analyse the characterization of each
species and compare the biomass production of all species. Initially evaluated
the growth of AAB isolated from D.suzukii and Anopheles stephensi, which
belongs to four genera i.e. Gluconobacter, Acetobacter, Komagataeibacter and
Asaia. Most abundant species were selected from each genus and growth was
measured. During the growth culture, some of the species produced biomass
aggregates while others were not able to do it. The bacterial growth was
monitored based on the absorbance (OD) and quantification of pellet. Depends
on the growth, OD and collection time (h), each species conditions were
optimized and biomass was collected. In conclusion, all strains of acetic acid
bacteria were showing considerable (or) applicable biomass yield. In particular,
aggregating strains were showing higher biomass yield (mg/ml of culture) at

late exponential phase compared to non-aggregates.

Introduction

Insects are the most diverse and successful animal group on earth, which
is reflected in the variety of habitats they live in, their abundance and species
richness. The successful occupation of a large variety of ecological niches is
often facilitated by symbiotic microorganisms (Ratzka, et al., 2012 and Basset

et al.,, 2012). Many insect lifestyles were found to be associated with endo-
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symbiotic microorganisms. The diversification and evolutionary success of
insects have depended in part on their myriad relationships with their beneficial
microorganisms. Insects are the most species-rich group of organisms, and it
has been estimated that at least 15-20% of all insects live in symbiotic
relationships with their bacteria. The term symbiosis (living together) was first
introduced by Anton de Bary in 1879 as the permanent association between
two or more specifically distinct organisms, at least during a part of the life cycle
(Gil et al., 2004; and Dominguez-Bello et al., 2010). Symbiosis often refers to
the long-term and mutually beneficial interactions among different species.
Symbiotic microbes living inside the host species are referred to as
endosymbionts. Generally, gut microbes in host, to regulate the fine immunity is

required for host fitness and host survival rate.

In insect, the gut bacteria gave rise to endosymbiotic bacteria (Husnik et
al., 2011), which is based on the similarities of gut bacteria and insect
endosymbionts (Fukatsu and Hosokawa 2002). The diversity and composition
of the gut microbiota within and between individuals of a host species is
influenced by topographical and temporal variation in the microbial
communities, with particular bacterial species occupying specific niches in the
body habitat or being associated with particular growth or maturation phases of
the host (Tremblay, et al., 1989; Thao et al., 2002). Acetic acid bacteria (AAB)
not only colonizes in the insect gut, but also localized in the other body part of
insect body like salivary glands and the male and female reproductive systems,
which are crucial sites for the bacterial transmission by horizontal and vertical
routes (Damiani et al., 2008; Crotti et al., 2009; Gonella et al., 2012).

Interestingly, the endosymbionts of AAB have been associated with insects
that rely on sugar-based diets, in particular those belonging to the orders
Diptera, Hymenoptera and Hemiptera (Table 1.1). These endosymbiotic
relationships have also been described for many insect families are including
weevils, mealybugs, whiteflies, tsetse flies, psyllids, leafhoppers (Moran et al.,
2003; Fukatsu & Hosokawa, 2002; Baumann, 2005; Hosokawa et al., 2006)
carpenter ants and cockroaches (Panizzi et al., 2000). The arthropods, such as
Wolbachia are facultative endosymbionts and obligate intracellular bacterial

9
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that exhibit a parasitic association to their host. In contrast, Wolbachia of filarial
nematodes are obligate, mutualistic endosymbionts that are also dependent on
metabolic compounds produced by the host, but they in turn provide other
metabolic products that are essential for worm survival, e.g. the nematode host
is not able to generate purine, pyrimidine, flavin adenine dinucleotide (FAD)
and riboflavin and thus needs to obtain these compounds by external sources
or from their endosymbiont that is still able to synthesize them. However,
symbiosis microbes plays an important roles for wide range of plants, animals
and also mainly involved in the biology and life cycle of most insects species

affecting different aspect of their life (Villegas and Pimenta, 2014). These

AAB and insect host(s)

Commensalibacter intestini
D. melanogaster (Diptera: Drosophilidae)
Acetobacter sp.

D. melanogaster (Diptera: Drosophilidae), A. mellifera (Hymenoptera: Apidae), B. oleae
(Diptera: Tephritidae), A. tabida (Hymenoptera: Braconidae), S. sacchari (Homoptera:
Pseudococcidae)

Gluconobacter sp.

A.mellifera (Hymenoptera:Apidae), D.melanogaster (Diptera: Drosophilidae), S. sacchari
(Homoptera: Pseudococcidae)

Gluconacetobacter sp.

D.melanogaster (Diptera: Drosophilidae), A.mellifera (Hymenoptera:Apidae), S. sacchari
(Homoptera: Pseudococcidae)

Asaia sp.

Anopheles sp. (Diptera: Culicidae), A. aegypti (Diptera: Culicidae), S. titanus (Hemiptera:
Cicadellidae), M. leopardiana (Hymenoptera: Aphelinidae), P. rapae (Lepidoptera: Pieridae)

Saccharibacter floricola

A. mellifera (Hymenoptera: Apidae)

Table 1.1 Shows that AAB inhabit several insect hosts belonging to different orders like Diptera,
Hymenopera, Hemiptera, and Homoptera (Crotti et al., 2010).
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microbes symbionts has been involving insects in various functions such as
nutritional upgrading of the diet, reproduction, immunity, providing defense
against pathogens (or) parasites (or) natural enemies, contribute to inter and
intraspecific communication, regulate mating and reproductive systems and
detoxifying the ingested food material. Metazoans have partly faced this
challenge by forming symbiosis with microorganisms that both synthesize
essential nutritional compounds and increase the efficiency of nutrient digestion
and absorption (Fraune and Bosch, 2010; Moran, 2007). However, many
insects are inhabited by complex microbial community, but functional analyses
of complete microbe communities are scarce (Crotti et al., 2009). Symbionts
can serve a range of nutritional functions, from mobilizing stored nitrogen to
contributing essential amino acids (Brune and Ohkuma, 2011; Douglas 2009;
Feldhaar, 2011; Kaufman and Klug, 1991), and hosts often rely on symbiotic
microorganisms to supply nutrients required for viability and fertility (Dillon and
Dillon, 2004; Douglas et al., 2010; and Moran and Baumann, 2000).

General characteristic of Acidic acid bacteria (AAB)

The group of Acetic acid bacteria (AAB) is formed by gram-negative
bacteria, aerobic, non-spore forming and attending to their morphology, they
can be ellipsoidal to rod shaped bacteria. Their size ranges from 0.4-1um wide
and 0.8-4.5 long. Under the microscope, they are observed as single and pairs
(or) chains and can present peritrichous (or) polar flagella which makes them
motile microorganisms (Yamada and Yuphkan, 2008). They are able to vary
their aggregation and even their morphology depending on the culture age and
the environmental conditions (Park et al., 2003; Trcek et al., 2007). They have
a strict aerobic metabolism with oxygen as the terminal electron acceptor, and

characterized by catalase positive and oxidase negative.

The general feature of Acetic acid bacteria (AAB) is to derive their energy
from the oxidation of ethanol to acetic acid during fermentation, as ethanol is a
good carbon source for AAB. After oxidation process, the strains of Acetobacter
and Gluconoacetobacter can further oxidize acetic acid to CO, and H,O that is

called acetate overoxidation, this process carried out by tricarboxylic acid (TCA
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cycle). But, strains of Gluconobacter that can only oxidise ethanol to acetic
acid, these Gluconobacter are not able to over oxidize acetic acid because of
non-functional a-ketoglutarate dehydrogenase and succinate dehydrogenase of
tricarboxylic acid (Gullo and Giudici, 2008). This is one of the most common
difference between these strains and also distinguish between these strains,
the biochemical and physiological tests may be considered (Du Toit and
Pretorius, 2002). Most of the AAB can grow between pH 5 and pH 6.3 (Holt et
al., 1994), but in some cases, they could grow at a pH lower than 4 (Du Toit
and Pretorius, 2002) reported that in aerated culture containing acetate, AAB
were isolated at pH values of 2.0 — 2.3. Their optimal growth temperature is
25°C — 30°C (Ndoye et al., 2006; Saeki et al., 1997).

AAB belongs to the family Acetobacteraceae are ubiquitous and adapted
to various sugars and ethanol rich environments like flowers, or palm sap,
herbs, fermented foods and beverages (Crotti et al., 2010). In recent times, the
interactions between insects and microorganisms have received more
importance. These endosymbiotic bacteria are largely present in the insect
taxa, where they are given supplementary components of nutrients that is
essential for the survival of insects. For example, Aphids are plant phloem-
feeding insects, a diet that is rich in sugars, but poor in nitrogenous
compounds. Therefore, the bacterium Buchnera aphidicola genomes (Tamas et
al., 2002) revealed the presence of genes coding for the biosynthesis of
essential amino acids that are lacking in the aphids diet, given support to the

nutritional role for this symbiosis.

AAB produce different types of polysaccharides such as cellulose (De Ley
et al., 1984). The exopolysaccharide (EPS) of cellulose is the main constituent
of the extracellular matrix around the AAB. This matrix that are involved in tight
contact between the microbial cells and the host epithelium, indicate a role in
microbial interaction with host surfaces. (Romling, 2002). One of the bacterium
A. xylinum that produced cellulose by metabolic activity. The substrate for
cellulose synthesis is glucose, which is major constituent of the medium by
cultivation of A. xylinum (Scott Williams and Robert, 1989). AAB are involved in
some important industrial process (De Vero, 2006; Raspor & Goranovic, 2008).

12
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AAB are well known for the ability to oxidize the sugars and alcohols, resulting
an accumulation of organic acids as final products. Acetic acid bacteria can
oxidize alcohols into sugars; mannitol into fructose; sorbitol into sorbose or
erythritol into erythrulose (Gonzales, 2005). For example, Gluconobacter is an
important genus for the industrial production of L-sorbose from D-sorbitol; D-
gluconic acid, 5-keto- and 2-keto-D-gluconate from D-glucose; and
dihydroxyacetone from glycerol (Gupta et al., 2001). Moreover, AAB also
present in the plant rhizosphere (Fuentes-Ramirez et al., 2001) and also
involved in production of food and fermented beverages like (vinegar, cocoa
powder, palm wine kombucha tea etc.,) (Nielsen et al., 2007; Yamada and
Yukphan, 2008). In vinegar industry, AAB can produce high concentrations of
acetic acid from ethanol and also AAB is involved in the production of sorbose
and cellulose (Gonzales, 2005). (Bartowsky & Henschke, 2008). However,
these microorganisms not only play the positive roles and also spoilers
fermented beverages such as wine, cider and beer, fruits (Mamlouk and Gullo,
2013).

Taxonomic Aspects of Acetic Acid Bacteria

AAB belongs to the family Acetobacteriace under the subclass of a-
proteobacteria (De Ley et al., 1984; Sievers et al., 1994). In the beginning, AAB
taxonomy was subjected to study and classification based on morphological,
biochemical, and physiological criteria. In the earliest, AAB were classified into
two main genera that is acefobacter, gluconobacter. The classification of this
bacteria group has been substantially changed several times, including
additions of new genera and species (Malimas et al., 2009; Yukphan et al.,
2010; Yamada et al.,, 2012) and reclassifications of species and strains
(Malimas et al., 2008). Nowadays, AAB are recognized as 14 genera:
Acetobacter (A), Gluconobacter (G), Acidomonas (AC), Asaia (AS),
Gluconoacetobacter (Ga), Kozakia (K), Swaminathania (Sw), Saccharibacter
(S), Neoasaia (N), Granulibacter (Gr), Tanticharoenia (T), Ameyamaea (Am),
Neokomagataea (Ne), and Komagataeibacter (Ko) (Sengun, Karabiyikil, 2011
and Yamada et al., 2012). Among the great variety of microorganisms that were

identified and isolated, Gluconobacter, Komagataeibacter, and Acetobacter are
13
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some of the predominant bacterial groups of the bee microbiota (Yamada and
Yukphan, 2008 and Crotti et al., 2009). However, recently, proposed the new
genus Komagataeibacter, which includes 12 species that previously belonged
to the Gluconacetobacter genus, and with KO (Yamada et al., 2012). Xylinus as
the species type of this new genus. Therefore, nowadays, Acetobacter
continues to be the most diverse genus with 24 species, but now followed by
Komagataeibacter and Gluconobacter with 14 species and Gluconacetobacter

with 11 species.
Insect gut and role of Acetic acid bacteria:

The gut microbiome consists of microorganisms that live in the digestive

tracts of animals, and is an important component of the gut of an organism.

Host Cell (Bacteriocytes)

Non-easantial
metabolic substrates
and intermediary
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Figure 1.1 A General overview of the functions of endosymbionts of bacteria, and their
metabolic interactions with the host cell (Gil et al., 2004).

14



Chapter |

Diverse populations of symbiotic associations of bacteria have developed within
the insect gut (Hooper and Gordon, 2001). The composition of gut microbiome
varies greatly from species to species. Even within the same species, variation
in gut microbiome occurs among different individuals, which causes phenotypic
differences among these individuals (Holmes and Nicholson, 2005). The
dynamic variation in insect gut microbiota can be determined by gut
morphology and physicochemical conditions such as pH and oxygen availability
in the insect gut (Dillon and Dillon, 2004; Engel and Moran, 2013).

Generally, Bacterial endosymbionts of insects can be classified into two
groups that is obligate or primary symbionts and facultative or secondary
symbionts. Primary endosymbionts have an obligate and ancient association
with their insect host (Ratzka, et al., 2002). These endosymbionts live in a very
close environment, inside specialized host cells that is called bacteriocytes,
which may form an organ-like structure (bacteriome) in the body cavity of the
insects. These bacteria cannot be cultured outside the host, whereas the host
needs the bacteria essential for normal growth and reproduction (Fig. 1.1) (Gil
et al., 2004).

They are vertically transmitted to mother and offspring at early stages of
embryogenesis. Their vertical transmission suggests parallels between
symbionts and insect genes. Secondary endosymbionts are usually facultative
symbionts that are not restricted to bactericides, but may also be found extra or
intracellularly in other host tissues as well as in the haemocoel. The vertical
transmission also common to the secondary symbionts like maternally

transmitted, but horizontal transmission is also possible (Baumann et al., 2005).

These secondary symbionts are more sporadic and distribution among
species, and even among individuals of the same species, which indicates that
they are not essential for host survival. Therefore, they do not share a long
evolutionary history with their hosts. Besides, primary symbionts are mutualists
that protect to have a nutritional function and typically occur in insects that feed
on imbalanced diets such as plant saps or cellulose. So these symbionts are

provided nutrients to the insect diet with amino acids or vitamins that are rare or
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absent in the food source (Ferrari and Vavre, 2011). For example, bacterium
Buchnera aphidicola, is a the primary symbiont of aphids, it's synthesizes
several amino acids that are required for the aphids metabolism, and aphids in
which the symbiont has been artificially removed have extremely affect low
survival and fertility (Tamas et al., 2002). Primary symbionts not only have
nutritional effects, but might also affect their host’s interactions with natural
enemies. One more example, removing Wigglesworthia symbionts in tsetse
flies makes them more susceptible to trypanosome infection is a vectors of
tsetse flies-Diptera: Glossinidae (Pais et al., 2008). Hence a Comprehensive
understanding of the biology of insects cannot do without the characterization

of its microbiota (Russell et al., 2003), as an essential component of system.

The important role of AAB is to interact with insect host is by colonizing in
the host tissue, interaction with the innate immune system and the pathways of
the host (Ryu et al., 2008; Gross et al., 2009; Douglas et al., 2011; Shin et al.,
2011; Lee et al., 2013; Login and Heddi 2013). The AAB, Asaia is involved in
the development role of mosquito larvae (Chouaia et al. 2012; Mitraka et al.,
2013) and thus affects the expression of genes related to cuticle formation
(Mitraka et al., 2013). Likewise, AAB promotes are involved in the modulation of
innate immunity in Drosophila, which keeps pathogenic strains under control
(Ryu et al., 2008). Furthermore, Acetobacter pomorum in Drosophila modulates
the insulin signaling, a pathway involved in the regulation of development, body
size, energy metabolism, and intestinal stem cell activity of the host (Shin et al.,
2011). The aim of work is to focus on the evaluation of AAB growth and
towards understanding the in depth analysis of different stages and comparison

of their biomass production.
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Results and Discussion

Selection of Acetic Acid Bacteria (AAB)

Acetic acid bacteria (AAB) strains were selected from D. suzukii and
Anopheles stephensi (Table 1.2) based on a previous extensive characterization
of isolates (Vacchini et al., submitted), with the aim to phylogenetically define the

Table 1.2. Identification of cultivable bacteria associated to D. suzukii. All the isolates showed a
percentage of identity >97% in relation to the indicated species.

Isolates No.isolates LP PP APfly AF fly
Acetobacter tropicalis 1 0 0 0 1
Acetobacter orleanensis/malorum/cerevisiae 0 0 0 4
Acetobacter peroxydans 1 0 0 0 1
Acetobacter indonesiensis 10 0 1 1 8
Acetobacter persici 10 0 1 1 8
Acetobacter orientalis 0 0 0 1
Acetobacter cibinongensis 0 0 0 1
Gluconacetobacter liquefaciens 1 3 0 0
Komagataeibacter sp 118 0 0 0 118
Gluconacetobacter/Komagataeibacter sp. 1 0 0 0 1
Gluconobacter kondonii 1 0 0 0 1
Gluconobacter oxydans 12 0 0 0 12
Gluconobacter kanchanaburiensis 5 3 1 1 0
Pseudomonas geniculata 1 0 0 1 0
Serratia sp. 8 2 6 0 0
Micrococcus sp. 5 0 0 0 5
Microbacterium foliorum 2 0 0 0 2
Streptococcus salivarius 1 0 0 1 0
Staphylococcus sp. 12 0 0 0 12
Paenibacillus sp. 2 0 0 0 2
Lactococcus lactis 0 0 0 1
Lactobacillus plantarum 0 1 0 0
Total 202 6 13 5 178

LP: larvae fed with artificial diet; PP: pupae fed with artificial diet; AP: Adults fed with artificial diet;
AF: Adults fed with fruit diet
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selected strains, internally transcribed spacer (ITS)-PCR fingerprinting was
performed with primers ITSF (5-GCC AAG GCA TCC AAC-3’) and ITSR (5-GTC
GTA ACA AGG TAG CCG TA-3’). ITS-PCR amplification patterns of all the
isolates were visually compared to cluster the isolates into ITS groups or profiles.
At least 2 candidates for each ITS profile were selected and 16S rRNA gene was
amplified with universal bacterial 16S rRNA gene primers 27F (5-TCG ACA TCG
TTT ACG GCG TG-3') and 1495R (5'-CTA CGG CTA CCT TGT TAC GA-3).
Near full-length sequencing of 16S rRNA has been performed by macrogen
(South Korea) and consensus sequences were compared to the public databases
at the National Centre for Biotechnology Information (NCBI) using BLASTn
(Altshul et al., 1990). The most abundant 10 isolates (i.e., A. persicus, K.
saccharivorans, K. hansenii, K .intermedius, A. indonesiensis, A. tropicalis, Asaia
SF2.1, G. kanchanaburiensis, G. oxydans, and G. kondonii), were selected from
(Table 1.2) each genus (i.e Komagataeibacter, Gluconobacter, Asaia and
Acetobacter) were grown at lab condition in order to understand the bacterial

growth characterization and comparison of biomass yield of all species.

Evaluation of the AAB growth condition

To understand the strains of AAB growth, required cells were inoculated in
a liquid medium in which the nutrients and environmental conditions were

controlled. The medium supplies all nutrients required for growth and

Y
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@ Log
0OD600 1; (exponential)
5 phase
=
Lag phase

X-Time (hrs)

Figure 1.2 Shows the growth of all acetic acid bacteria (AAB) of isolates species (i.e.
Komagataeibacter, Gluconobacter, Acetobacter, and Asaia) and achieved good biomass
production of each species at 600 nm optical density (OD) at late exponential phase.

18



Chapter |

environmental parameters were optimal, the increase in numbers or bacterial
bio mass measured as a function of time to obtain a growth curve (Baranyi and
Pin., 1999). Several distinct growth phases were observed during the growth
culture (Fig.1.2). These include the lag phase, the exponential or log phase, the
stationary phase, and the death phase. Each of these phases represents a
distinct period of growth that is associated with typical physiological changes in

the cell culture.

Lag phase

During this phase, the AAB bacteria were introduced into fresh Gly-
medium, and cells were adjusted to their new environment (lag phase). During
this stage, cellular metabolism accelerated, so cells increased in size, but the
bacteria were not able to replicate, therefore no increase in cell mass. In this
phase, the bacterium started synthesizing the necessary proteins, co-enzymes
and vitamins needed for their growth. As a result, initiation of cell growth,

division and the transition to exponential phase were slowed down.

Exponential or Logarithmic (log) phase

During exponential growth the rate of increase of cells in the culture is
proportional to the number of cells present at any particular time. During this
phase, the metabolic activity increased and the bacteria grown rapidly and
divided. The bacteria begins the DNA replication by binary fission at a constant
rate. The growth medium were exploited by bacteria at maximal level and the
culture reached the maximum growth rate. Finally the single cell divide into two,
which replicate into four, eight, sixteen, thirty two and so on (i.e., 2°, 2", 22,
2%, 2", n is the number of generations). The time taken by the bacteria to
double in number during a specified that is called generation time.
The generation time variation based on the organisms. Generally, E.coli divides
in every 20 minutes, hence its generation time is 20 minutes, and for our case

we checked the generation time of AAB divides every 30 minutes.
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Stationary phase

In this phase, the bacterial growth were very slow because of the growth-

limiting factor such as depletion of essential nutrients, the accumulation of toxic

(93]
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]
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Figure 1.3 Shows the growth curve of Asaia SF 2.1 biomass were collected at late exponential
phase.

materials, metabolic waste products and inhibitory compounds such as
antibiotics in the medium. The cells undergoing division equals to the number of
cell death, and finally bacterial division were completely stop (Fig. 1.3). As a
result, “smooth,” horizontal linear part of the curve during the stationary phase

were obtained.
Decline or Death phase

The depletion of nutrients and the subsequent accumulation of metabolic
waste products and other toxic materials in the media, facilitates the bacterium
to move on to the death phase. During this stage, the bacterium completely lost
its ability to reproduce. Individual bacteria begin to die due to the unfavorable
conditions and the death was rapid and at uniform rate. The number of dead
cells exceeds the number of live cells. Some organisms which can resist this

condition can survive in the environment by producing endospores. Finally our
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results indicates, the characterization of each species growth were optimized.
Results shows that some species were aggregating while others non-
aggregates (Fig 1.4a, 1.4b). During growth, obtained length of log phase varies,
depending on the strains, although the average were estimated to last 8 to 13
hours of all AAB species. Among all strains, in some cases for example K.
hansenii (24hrs), K. intermedius (21hrs), K. saccharivorans (20hrs), takes long

time length of log or exponential phase.
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Figure 1.4a Shows aggregates formation of Acetobacter persicus
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Figure 1.4b Shows non-aggregates of Gluconobacter kondonii 1c.
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Harvested the bacterial (AAB) biomass yield at late exponential
phase

The production of bacteria biomass was measured by using the
spectrophotometer. The degree of turbidity in the broth culture is directly related
to the number of microorganism present, either viable or dead cells, thus a
convenient and rapid method of measuring cell growth rate of an organism.
Hence, the increasing turbidity of the broth medium indicates increase of the
microbial cell mass. As a result, depends on the growth culture, some of the
species were aggregates like beads formation and turbidity, so all the cells
were sticky to each other and some were normal in growth i.e., non-

aggregates. Two methods were applied and monitored the growth of pellet

Average and sdev of exponential and stationary phase and depends on growth hrs biomass yield were optimized

Growth curve data biomass collection
Strain name Aggregates | pre-inoculum Exponential phase Stationary phase Collection Biomass yield
and amount % cellculture % aggregates % cell culture % aggregates time (h) (mg/ml of culture)
Assigned species %)/ (viv) culture OD (h)  culturetime (h)  culture OD (h) culturetime (h)
44 (Acetobacter indonesiensis) _ 2.90% 114016 _ 2+.06 _ 9 59
(29£14) _ (28.3+.5) _
45 (Acetobacter persicus) Yes 4.80% _ 611 _ 1271 6 5.7
_ (8t2) _ (2351.5)
23 (Acetobacter tropicalis) _ 2% 131 _ 17+.08 _ 6 34
(22£14) _ (281 .5) _
65A (Komagataeibacter saccharivorans) _ 20% 0.521.2 _ 15+.03 _ 20 24
6+2) _ 245+ 5 _
114 (Komagataeibacter hansenii) yes 4.80% _ 188138 _ 339128 24 195
_ (16£0) _ (44£0)
59B (Komagataeibacter intermedius) yes % _ 5545 _ 14810 21 6.9
_ (1354 .5) _ (26£2)
15 (Gluconobacter kanchanaburiensis) _ 9.10% 081£.15 _ 1.7+.05 _ 5.15 2
(3+1) _ (25+1) _
9A (Gluconobacter oxydans) _ 4.80% 0.7+.05 _ 1.3+.03 _ 15 22
(610) _ (24£1) _
1C (Gluconobacter kondonii) _ 2.30% 1412 _ 205+ .05 _ 6 19
(3+1) _ (25¢1) _
Asaia SF2.1 _ 4.80% 1£02 _ 2.£0.15
5t1 _ 811 7 55

Table 1.2 Our results shows the overall average and standard deviation data of
exponential and stationary phase of each species. Biomass collection (hrs and OD) were
optimized for each species. In between the two stage were collected the biomass at late

exponential phase. Finally all species were shows applicable biomass yield (mg/ml of culture).

weight. 1. Based on OD at 600 nm at Spectrophotometer; 2. Quantification of
the pellet. Based on OD at 600nm — The standard procedure (Baranyi and Pin

1999) were followed for normal growth of all species. This method is based on
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the optical density measurement of number of viable cells/per ml. The cell
number of biomass (Table 1.2) were indirectly observed using
spectrophotometry for every one hour at 600nm. Quantification of the pellet—
This common procedure (Zwietering et al., 1990) were followed for those
isolates, which showed aggregates, and the pellet were quantified. Every one
hour, the sample were collected from the culture by centrifugation and
quantified the pellet as grams of wet weight per ml of sample. Once optical
density reached in all strains then immediately stopped the bacterial growth and
cells were harvested and obtained only the pellet or cells weight. Finally
obtained, all strains have a good biomass yield (mg/ml of culture) at late

exponential phase (Fig. 1.5).
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Figure 1.5 All strains of acetic acid bacteria showing applicable good biomass yield (mg/ml of
culture) at late exponential phase. In particular, aggregates showed higher biomass than non-
aggregates.
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Conclusions

In conclusion, growth curve of AAB isolates species were evaluated based on
the optical density and quantification of the pellet. Finally our results indicates
that all strains of acetic acid bacteria were showing good and considerable
biomass yield (mg/ml of culture) at late exponential phase as follows: A.
indonesiensis (5.9mg/ml), A. ftropicalis (3.4mg/ml), K. saccharivorans
(2.4mg/ml), Asaia SF2.1 (5.5mg/ml), G. kanchanaburiensis (2mg/ml), G.
oxydans (2.2mg/ml), A. persicus (5.7mg/ml), K. hansenii (19.5mg/ml), K.
intermedius (6.9mg/ml), and G. kondonii (1.9mg/ml).
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Materials and method

Insects

Wild specimens of D. suzukii were field collected as adults/larvae in Trentino
Alto Agide region (ltaly) and reared in laboratory condition both on fruits and on
a sugar-based artificial diet (composed with 71 g of corn flour, 10 g of soy flour,
5.6 g of agar, 15 g of sucrose, 17 g of brewer’s yeast, 4.7 ml of propionic acid,
2.5 g of vitamins mix for each Kg of the preparation) at the Dipartimento di
Scienze Agrarie, Forestali e Alimentari (DISAFA), University of Turin. Insects

were kept in cages at 25 °C with a 14:10 h light-dark photoperiod.
Isolation of AAB

Insects (5 males, 6 females, a pool of 3 males and a pool of 3 females), reared
on fruits, were surface sterilized by rinsing once with ethanol 70% and twice
with 0.9% NaCl under sterile conditions, before being homogenized by grinding
in 200 ul of 0.9% NaCl. Forty pl of each insect homogenate were inoculated in
different enrichment liquid and solid media, selected for AAB growth:
enrichment medium | (hereafter indicated as TA1, Yamada et al. 1999;
Kounatidis et al., 2009), enrichment medium Il (here after indicated as TAZ2,
Yamada et al. 2000), a basal medium (here after indicated as TA4, Kadere et
al. 2008), Hoyer-Frateur medium (De Ley and Frateur, 1974), acid YE medium
(yeast extract 2%, ethanol 2%, acetic acid 1%, pH 6). One hundred pl of serial
dilutions of the insect homogenate were spread on plates containing mannitol
agar medium (mannitol 2.5%, peptone 0.3%, yeast extract 0.5%, pH 7, agar 15
g/L ) or R2A agar (Reasoner et al., 1979), both supplemented with 0.7%
CaCOs3 and 0.01% cycloheximide. Other 6 insect adults reared on fruit diet, 6
adults, 3 pupae and 3 larvae reared on the artificial diet, were washed three
times with deionized water and the washing water of the last step was plated on
MA solid medium. Pupae and larvae were smashed, as previously described,
and inoculated in TA1 and TA2 enrichment media. All the enrichment liquid
media were incubated at 30°C, in aerobic condition with shaking, until turbidity

of the liquid media was reached. Serially dilutions were plated on MA medium,
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supplemented with CaCO3; (1% D-glucose, 1% glycerol, 1% bactopeptone,
0.5% yeast extract, 0.7% CaCOs, 1% ethanol, 1.5% agar, pH 6.8) and
incubated at 30 °C, in aerobic conditions. For the solid media, colonies were
picked up and streaked on MA solid medium, with CaCOs3. Colonies capable of
clearing the calcium carbonate were purified on agarized MA medium, and pure
strains were conserved in 15% glycerol at -80 °C. Total DNA was extracted

from the isolates by boiling protocol and stored at — 20 °C.

16S rRNA gene-based identification and fingerprinting analysis

of the isolates

Internally transcribed spacer (ITS)-PCR fingerprinting was performed with
primers ITSF (5-GCC AAG GCA TCC AAC-3’) and ITSR (5-GTC GTA ACA
AGG TAG CCG TA-3’) as previously described (Daffonchio et al., 1998). ITS-
PCR amplification patterns of all the isolates were visually compared to cluster
the isolates into ITS groups or profiles. At least 2 candidates for each ITS
profile were selected and 16S rRNA gene was amplified and sequenced for
identification by Macrogen (South Korea). 16S rRNA gene was amplified with
universal bacteria 16S rRNA gene primers 27F (5-TCG ACA TCG TTT ACG
GCG TG-3’) and 1492R (5’-CTA CGG CTA CCT TGT TAC GA-3’). Reaction
mixture for 16S amplification was carried out in a final volume of 50 L , using 1
unit of Tag DNA polymerase, 1X PCR Buffer, 0.12 mM of each dNTP, 0.3 yM
of each primer, 1.5 mM MgCl; and 2 pL of DNA. Reaction was run for 4 min at
94°C, followed by 35 cycles of 1 min at 90°C, 1 min at 55°C, 2 min at 72°C and
then a final extension of 10 min at 72°. 16S rRNA gene sequences were
compared to the databases at the National Centre for Biotechnology
Information (NCBI) using BLASTn (Altshul et al., 1990) and aligned with their

closest type strain relatives using Clustal W (http://align.genome.jp/).

AAB bacteria biomass: The common procedure were followed (Kadere,
etal., 2008) the Gly agar (glycerol 2.5%, yeast extract 1%, agar 2%, pH 5)
medium for growing of AAB at lab condition, incubated at 30°C for two days in

order to isolate the pure strain. Then followed by the preparation of the pre-
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inoculum of 25 ml of GLY liquid medium and Inoculated this pure strain and
incubated in 30°C at overnight. Following day, 5 ml of this pre-inoculated
culture was transferred into fresh GLY medium (100 ml or 200 ml), Incubated at
30°C and monitored the growth based on OD 600 nm (Jenway
spectrophotometer 6705). Once reached optical density in all strains at late
exponential phase then immediately the growth were arrested and cells were
harvested. Further removed cell debris by centrifugation at 3000rpm for 15min
at 4 °C and washed 3 times with 1X PBS (137Mm NaCl, 2.7mM KCI, 10mM
Na,HPO,4, 2mM KH,PO,) buffer and quantified the pellet and stored at -80 °C.
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Evaluation of Acetic Acid Bacteria (AAB) proteome

Abstract:

Aim: In order to highlight pathways involved in the interaction with host a
proteomic-based approach was used. In particular the proteomic approach was
addressing in evidencing differential expression of specific proteins by
comparing bacterial protein profiles grown under different conditions. The
growth under hypoxia (6% oxygen) was chosen as the condition emulating the
insect gut environment. Acetic Acid Bacteria (AAB) strains were selected from
D. suzukii and Anopheles stephensi based on a previous extensive
characterization of 202 isolates were identified by ITS-PCR and 16S rRNA.
Most abundant 10 isolates were selected for proteomic analysis by qualitative
(SDS-PAGE) and quantitative (Bradford) method. The approximate amount of
protein required for 2D-PAGE setup were confirmed by Bradford method.
Further, different procedure of sample preparation methods such as Urea
buffer extract, NaOH and TCA-Acetone were performed for 2D-PAGE setup in
order to focus the clear spots. As a result, TCA-Acetone is the best sample
precipitation method compared to other methods. Based on the availability of
genome sequence, protein quality and quantity, Asaia SF2.1 were selected for
2D-PAGE setup. First (1%) dimension program were optimized with 350-400ug
protein of Asaia SF2.1 and followed by Second (2"%) dimension, approximately

220 clear round spots were obtained.
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Introduction:

Proteomics insights in the study of endo-symbiosis

Proteomics is a field that promises to bridge the gap between genome
sequence and cellular behaviour. It aims to study the dynamic protein products
of the genome and their interactions. Together, genomic and proteomic
approaches promise to reveal the multidimensional view of a biological system
(Alain et al., 2007). The cell process is normally dependent upon a multitude of
protein-mediated metabolic and regulatory pathways for its survival. There is no
strict linear relationship between genes and the protein complement or
‘proteome’ of a cell. Proteomics is complementary to genomics because it
focuses on the gene products, which are the active agents in cells. For this
reason, for example, proteomics directly contributes to drug development as
almost all drugs are directed against proteins. Any biological conclusion that is
drawn from a proteomic study is only as strong as data come from reproducible
protein extracts and rich in protein diversity (Lilley et al 2002; Pandey and
Mann, 2000). For example, Cilia et al. (2009) discussed about Schizaphis
graminum (Sg), an aphid species of an agricultural important pest. These
aphids are plant-feeding insects and vectors of numerous viruses that infect
crop plants and affect the grain sorghum in North America. Proteomics
approaches were claimed in understanding the molecular mechanisms of virus
transmission in order to reveal targets for new approaches for disease
management that specifically disrupt specific-aphid protein functions or protein
functions involved in aphid-virus interactions (Hesler et al., 2006; Hogenhout et
al., 2008; Snihur et al., 2005 and Zwiener et al., 2005).

The cellular mechanisms responsible for vector specificity are regulated by
distinct interactions between virus structural proteins and unknown proteins in
the aphid. Furthermore, aphids harbor maternally derived endosymbionts
bacterium, including Buchnera aphidicola, which are necessary for aphid
survival and have been implicated in virus transmission. Besides the obvious
damage done to the plant by feeding, aphids are vectors of numerous viruses

that infect crop plants. Proteomics approaches were claimed in understanding
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the molecular mechanisms of virus transmission in order to reveal targets for
new approaches for disease management that specifically disrupt specific-
aphid protein functions involved in aphid-virus interactions (Yang, et al.,2008;
Seddas et al.,2004; Papura et al., 2002). The cellular mechanisms responsible
for vector specificity are regulated by distinct interactions between virus
structural proteins and unknown proteins in the aphid. Furthermore, aphids
harbor maternally derived endosymbionts bacterium, including Buchnera
aphidicola, which are necessary for aphid survival and have been implicated in
virus transmission (Yang et al., 2008). Furthermore, multidimensionality of
symbionts—host interactions has been performed on the Hawaiian squid
Euprymna scolopes and the luminous bacterium Vibrio fisheri (Verma, SC., and
Miyashiro, T. 2013).

The AAB microbiome of the spotted wing fly, Drosophila suzukii

Symbiotic relationships between insects and microorganisms are
widespread in nature. In recent years, the microbiota associated to insects, and
the mechanisms determining these associations, are under investigation,
because of the possibility that these microorganisms interfere with the capacity
of insect pathogen transmission (Chung and Kasper, 2010). Many insects are,
in fact, vectors of most severe diseases in plant, animal and human affecting
the agricultural production and the environment (Cini et al., 2012). Drosophila
suzukii (Diptera: Drosophilidae) is an emerging pest in the Western countries. It
is a high invasive species that has been introduced from Southern Asia, also
found in European countries including (Italy, Spain, and France). This pest (D.
Suzukii) is able to attack healthy soft fruits, differently from the other Drosophila
species, which attacks rotten and overripe fruits are considered secondary
parasites. D. suzukii eggs are laid inside the fruits and the hatched larvae grow
causing severe damages (Walsh et al., 2011). D. suzukii is known to infest wide
host plants ranging from blueberries, strawberries, cherries, raspberries,
blackberries, grapes, figs, apricots, peaches, and plums. The adult's flies
commonly referred as Spotted Winged Drosophila (SWD) are 2-3 mm in length,

red eyes resembling vinegar flies D. melanogaster. A promising, but sometimes
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neglected method of reducing pest populations is the exploitation of the
intimate association of the pest species with endosymbionts. For instance,
arthropods are frequently infected with one or more microorganisms which can
have beneficial, neutral or detrimental effects on their hosts. These interactions
may directly or indirectly influence the population dynamics of many pest
species and could thus potentially be of great interest for agricultural pest
management (Zindel et al.,, 2011). For insect vectors of disease, symbiotic
microorganisms can influence vectoring efficiency (McMeniman et al., 2009;
Ricci et al., 2012) or developmental time and thus providing targets for potential

disease control.

The Anopheles stephensi bacterial endosymbionts: Asaia as

model system:

Asaia is an AAB genus belonging to the family Acetobacteraceae, which is
traditionally isolated from fermented foods and plant materials. In recent years,
bacteria of this genus have been observed to infect insects belonging to
different orders, including Diptera, Hemiptera, Hymenoptera and Lepidoptera.
Many of the species known to be stably associated with Asaia are important
vectors of human interest (e.g. Anopheles and Aedes mosquitoes). Besides
mosquitoes are vectors of a variety of infectious diseases which have
considerable effect on public health, like malaria, yellow fever, dengue and
chikungunya. Although the common knowledge that these diseases are caused
by microorganisms, the interactions between mosquitoes and their microbial

community have not been deeply investigated.

The Anopheles mosquitoes are vectors of Plasmodium parasites, the
causative agents of malaria. Promising tools in the control of disease-
transmitting mosquitoes like Anopheles and AAB symbionts, ‘Asaia’ is a useful
model (Dillon et al.,, 2004; Favia et al., 2007; Crotti et al., 2010). It was
recently shown that, the main component of genus Asaia, is stably associated
with larvae and adults of the malaria mosquito vectors such us An. stephensi,

An. maculipennis and An. gambiae and promotes the development of
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mosquitoes (Crotti et al., 2010; Favia et al., 2007). The distribution of Asaia in
the body of An. stephensi has been investigated by the use of a green
fluorescent protein containing Asaia strain through which, it was possible to
track the behaviour of the symbiont with in the different parts of the host body
such us gut, salivary glands and male and female reproductive organs, which
are essential for bacterial transmission by horizontal and vertical routes in
insects for the development of the cycle of malaria plasmodium parasites(Crotti
et al., 2009). Moreover, some features of Asaia traits for making a useful
system to understand in insect : (i) the efficient capacity of Asaia of colonizing
adults and larvae of An. stephensi by the way of multiple transmission routes
(horizontal acquisition through feeding, venereal transmission from male to
female and maternal transmission to offspring and vertical transmitted from the
mother to offspring by egg smearing (Damiani et al., 2008); (ii) the ability to
efficiently spread through insect populations supported by the capacity of the
bacterium to colonize and cross-colonize phylogenetically related or distant
hosts. By using suitable heterologous secretion signals several anti-
plasmodium effector proteins could be efficiently secreted by the strain without
apparently affecting the growth rate of Plasmodium in the mosquito midgut in
order to block the diffusion of a pathogen (Bisi and Lampe, 2011). These
symbionts are recently focusing attention because of their recognition as strong
and effective immunomodulators of insects. In Anopheles gambiae, it has been
shown that the Asaia titer in the host body is kept under control of the innate
immune system and it massively proliferates in the hemolymph when the
hypervariable immunoglobulin domain-encoding gene (AgDscam) component
of the immune response is silenced (Dong et al., 2006). In another example,
Asaia sp. colonize in gut epithelial cells of mosquito Anopheles sp. through a
specific association between the insect epithelial cells and extracellular
polysaccharide matrix that surrounds bacterial cells (Crotti et al., 2009, Favia et
al., 2007). Because our A. pomorum strain produced large quantities of extra
cellular polysaccharides, which contact between Drosophila gut epithelial cells
and A. pomorum may be similar to that observed between Asaia and
Anopheles gut cells (Shin et al., 2011). However little information is known
about the effect of Asaia on the host. In Drosophila melanogaster AAB have
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been shown to regulate the microbiota homeostasis, by keeping under control
pathogenic species following a fine tuning of the host immune response (Roh
SW et al 2008).

Molecular pathways of endo-symbionts favoring the mid gut

colonization

Insect guts present distinctive environments for microbial colonization,
and presence of bacteria in the gut potentially provide many benefits to their
hosts. Insects display a wide range in degree of dependence on gut bacteria for
basic functions. Therefore, further research has to be conducted to clarify the
molecular mechanisms at the base of the symbiosis. Fine regulation of the
immunity in the host gut is required for homeostasis of gut microbiota. Several
research teams have investigated the relationship between AAB and their
symbionts (Engel and Moran, 2013). Recent progress toward understanding
gut-microbe interactions using Drosophila revealed that a fine regulation of gut
immunity is required for the preservation of a healthy commensal community
structure for promoting the host fitness and for ensuring normal host survival
rates. Also gut microbial community is involved in several aspects of the host
life, ranging from the nutritional contribution to the energy salvage through
fermentation, protect from predators, parasites, and pathogens; contribute to
inter and intraspecific communication affect efficiency as disease vectors and
govern mating and reproductive system (Sharon et al., 2010) (Dale and Moran,
2006).

Generally, gut microbiota regulates the fine immunity, host fithess and
host survival rate. The gut microbiota controls the gut epithelial cells by
regulating stem cell activity and it is also involved in energy balance and
metabolic homeostasis of host. Recent studies shown that the drosophila gut
controls bacteria populations by producing antimicrobial molecules at the
intestinal epithelial cell layer, such as: anti-microbial peptides (AMPs) and
reactive oxygen species (ROS), (Liehl et al., 2006; Nehme et al., 2007; and
Buchon et al., 2009b). The peptidoglycan mediated generation of (AMPs) only

activate immune deficiency (IMD) pathway (Engel P and Moran NA. 2013). A
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recent study highlighted the role of bacterium-secreted uracil as a signal
molecule controlling immunity in the gut of flies. Only uracil-producing bacteria
induce a dual oxidase DUOX, mediated generation of Reactive Oxygen
Species (ROS) having bactericidal effect (Ha et al., 2009) . ROS also act as
key messengers that modulate the protein degradation machinery of several
signaling components of signalling pathway, leading to gut development and
reduce the gut inflammation. In conclusion, the ‘fine-tuned’ regulation of two
synergistically acting immune responses, consisting of AMP production and
ROS synthesis, seems to contribute to homeostasis in the midgut of D.
melanogaster by tolerating the commensal microbiota and combating
deleterious pathogens. Recent publications shows that in different Drosophila
strains two taxonomically different bacteria, i.e. Acetobacter pomorum and
Lactobacillus plantarum, modulate the insulin signaling pathway and target of
rapamycin (TOR) pathway, this TOR pathway has central role in organizing the
cell growth  respectively, through different bacterial products (Douglas, 2011;
Storelli et al., 2012).

In Acetobacter pomorum, the acetic acid produced by the activity of the
pyrroloquinoline quinone dependent alcohol dehydrogenase (PQQADH)
modulates the insulin signaling in Drosophila, which in turn controls several
host homeostatic programs, including the developmental rate, the body size,
the energy metabolism and the intestinal stem cell activity (Shin et al., 2011).
PQQ-ADH is the primary dehydrogenase in the ethanol oxidative respiratory
chain of Acetobacter pomorum. This PQQ-ADH activity of a Acetobacter
pomorum, modulates insulin/insulin-like growth factor signaling (IIS) in
Drosophila to regulate host homeostatic programs controlling developmental
rate, body size, energy metabolism, and intestinal stem cell activity (Shin et al.,
2011). Finally that, the Drosophila-Acetobacter interaction system is a useful
genetic model for understanding the mechanisms links between microbiome-
modulated host signaling pathways and host physiology. Furthermore, another
study highlighting, Lactobacillus plantarum, a strain isolated in Drosophila gut,
it seems to enhance protein assimilation from the diet, resulting in the

regulation of diet derived branched chain amino acid (BCAA) levels in the
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hemolymp. This in turn stimulates TOR kinase activity both in the fat body and
the prothoracic gland. In the fat body, TOR activity optimizes systemic InR
signaling and promotes growth rate, while in the prothoracic gland, TOR
potentiates (Ecd) ecdysone steroid hormone production during late larval stage
to reduce the length of the growth phase. In Drosophila, genetic studies have
implicated the product of the slimfast gene in the regulation of TOR kinase
activity in the fat body (Colombani et al., 2003). In fat bodies, TOR pathway
normally acts stimulating the systemic production of insulin like peptides and
thus promoting the growth. It has been hypothesized that (1) the stimulation of
the insulin signaling in the presence of commensals could be the result of the
evolution conflict between the host and its microbiota; (2) bacterial metabolites
are cues for the host to be informed on the environmental nutritional availability
for the host development (Hamdi et al., 2011). Thus according to this second
hypothesis the host would exploit its microbiota to sense the environment.
Bacteria are known to communicate through quorum sensing, which allows the
regulation of their activity and physiological processes. This process depends
on the synthesis and diffusion of signaling molecules, called autoinducers, into
the surrounding environment. Quorum sensing outcomes are important
advantages for bacteria, i.e., host colonization, defense against pathogens,
bioluminescence production and adaptation to changing environments. This
kind of interaction here hypothesized implies a higher level of interaction
between symbionts and host. The molecular mechanisms that regulate the host
microbe crosstalk are still poorly understood. However, all these studies
highlight the key role of microbial partners in influencing the systemic growth of
the host and in preserving its health. The work of (Ryu et al., 2008), indicates
that AAB have an important role in regulating the immune system of
homeostasis of the regulation of the immune response in insects and suggests
that AAB could be tools for interfering with the immune response and hence the
survival of the host (Li et al., 2012).

Finally, all mentioned studies shows that there is a strict and constant
association between Drosophila and AAB, within the particular genera

Acetobacter, Gluconobacter and Gluconacetobacter. All these investigations
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shows that AAB are among the dominant microorganisms in the bacterial
community associated to these insects and can compete with the pathogen
along the host epithelia, physically occupying the available niches and
nutritionally competing with the pathogens (Kommanee et al., 2008). Moreover,
acid and exopolysaccharide production may contribute to successful AAB

colonization of the insect gut (Kounatidis et al., 2009; Cox and Gilmore, 2007).

Application of two-dimensional gel electrophoresis (2DE) to
microbial system

The introduction of 2D-PAGE in 1975 by O’Farrell for separating cellular
proteins under denaturing conditions enabled the resolution of hundreds of
proteins. The 2DE is unique not only for its ability to simultaneous separation of
proteins but also for detecting post and co-translational modifications, which
cannot be predicted from genome sequences (Lopez 2007). The term
proteome refers to the proteins expressed by a genome at a particular point in
time. The proteome is like a photographic snapshot of the protein expression at
a particular moment and under specific conditions. The genome provides only
static information, while the proteome provides an overall information of the cell
machinery, which can be studied under various conditions and could provide
information regarding dynamic processes. The clarification of the expressed
part of the genome is required to link genomic data to biological functions
(Gallo et al., 2010). The principle of 2D-PAGE separation based on two
independent properties that is IEF in the first dimension, followed by SDS-
PAGE in the second dimension. Proteins are separated on a strip using
isoelectric focusing (IEF) (Fig. 2.1), which separates proteins according to their
isoelectric point, followed by electrophoresis in a second dimension in the
presence of sodium dodecyl sulfate (SDS), which separates proteins according
to their molecular mass (Issaq and Veenstra 2008). Each spot on the resulting
two-dimensional gel potentially corresponds to a single protein species of the
sample. Thousands of different proteins can thus be separated, and information
such as the protein pl, the apparent molecular weight, and the amount of each
protein can be obtained. However, one of the key areas where 2DE gels should

deliver in the future will be the study of modification landscapes, i.e. how
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protein modifications combine to modulate protein activity in cells. The
fundamental goal of molecular biological research is to determine the function
of genes, the role of proteins in metabolic pathways and networks and finally
provide a detailed understanding of how these molecules interact and
collaborate to work in a biological system under different conditions. This is
achieved by considering biological systems as a whole and not individual part,
which is referred to as system biology. Applications of 2-DE include proteome
analysis, cell differentiation, and detection of disease markers, therapy
monitoring, drug discovery, cancer research, purity checks, and microscale

protein purification.
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Figure 2.1 General principles of 2D-PAGE: Mixtures of proteins are separated by two
independent properties: First dimension (Protein separation by charge- pl); Second dimension
(Protein separation by size- MW). Initially extraction of proteins from the biological sample to
get an IEF-compatible sample. The sample is then loaded onto a pH gradient oriented with the
acidic side at the anode and the basic side at the cathode. After the IEF step, the proteins have
reached their pl and thus have no remaining electrical charge. The strip is then equilibrated in a
SDS-containing buffer, so that all proteins becomes strongly negatively charged. The IEF gel is
then loaded on top of a SDS PAGE gel, and the proteins are separated according to their
molecular masses. After this step, the proteins are detected directly on the gel.
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Results and Discussion

Setting protein extraction for 2DE of Asaia SF2.1

From total 202 isolates, most abundant 10 isolates (Table 2.1) of AAB were
selected from D. suzukii and Anopheles stephensi, belongs to four genera i.e.
Gluconobacter, Acetobacter, Komagataeibacter and Asaia. The protein profiles
of isolates extracts were determined using Bradford assay and Sodium dodecyl
sulfate Polyacrylamide gel electrophoresis (SDS-PAGE). In qualitative method,
quality of protein extraction were purified by denaturing gel electrophoresis
according to Laemmli protocol (Laemmli, et al 1970). Results from SDS-PAGE
analysis (Fig. 2.2) shows the separated protein bands after dilutions (2x and
2.9x) of same sample and clear protein bands were observed, where each
band had the same relative intensities as their corresponding bands in the
mixture lanes. Quantification of protein were performed by Bradford method
followed by SDS-PAGE (Fig 2.3). According to the information from Bradford
method, the approximate amount of protein (350-400ug) used for 2D-PAGE
setup. Based on the protein quality and quantity, Asaia SF2.1 (available

genome sequence) were selected for 2D-PAGE setup.

Sirain namea Isolaie number Biomass yield
{mi/ml }
Acelobaclar indonesionsis 44 59
Aceinbacter persicis 45 57
Aceiobacter tropicalls 23 34
Asala SF2.1 - 55
G. kanchanaburiensis 15 20
Ghsconobacter oxydans 2A 22
Giuconobactar kondoni 1C 1.9
K. spccharkorans 85A 24
K. hansen¥ 114 19.5
K _intermedius 588 &8

Table 2.1 Shows the list of most abundant 10 isolates for protein analysis.
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Figure 2.2 SDS-PAGE qualitative analysis of different protein extracts of AAB isolates. Each
lane represents different percentage of protein sample of AAB isolates (i.e., the total pellet
weight of protein concentration of isolates species).
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Precipitation by Asetone {SDE-PAGE) Urea sample (S05-FPAGE)

44 45 21 1C 15 SF2.1

M 4 45 23 1C 15 SF21

Figure 2.3 SDS-PAGE analysis comparison between urea extract sample (5ug/ul) and acetone
precipitation (25ug/(concentration/2) of AAB isolates. Each lane represents proteins from urea
sample (right) and acetone sample (left) based on the protein concentration obtained by
Bradford assay (ug/ul).

2DE PAGE setup of Asaia SF2.1

Initially, protein extraction methods were followed for sample preparation in
order to focus the clear spots of Asaia SF2.1 protein profile. Generally, the
sample preparation (Fig. 2.4) step is absolutely essential for good focusing of
2D-PAGE results. During this process, cells must be disrupted completely in
order to focus clear proteins spot and it's important to minimize protein
modification or degradation, thus avoiding a quantitative loss of high molecular
weight proteins, membrane proteins, and/or nuclear proteins. The first-
dimension |EF step of 2DE electrophoresis is particularly sensitive to low
molecular weight ionic impurities. Non protein impurities in the sample can
interfere with separation and cause horizontal streaks and vertical streaks
result from less protein separation in the SDS-PAGE. The three important goals
in sample preparation were followed: (i) complete dissociation of protein/protein

interactions, (ii) removal of non-protein sample components (e.g., ions, lipids,
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nucleic acids, and salts), and other contaminants may affect focusing of 2DE
results. and (iii) significant reduction or elimination of protease activity
(Nandakumar et al 2003). During the sample preparation any contaminant with
a net ionic charge will affect IEF and lead to horizontal streaking (Rabilloud
1998). Focusing of the proteins will not occur until the ions have moved to the
ends of the strips, prolonging the time required for IEF. To alleviate these
problems, salts can be removed and maintained at lower than 10mM in the
sample preparation steps, in order to reduce the ionic strength of protein
samples. TCA-acetone precipitation is particularly effective for removing salts
and other contaminants, but also result in protein losses. Nucleic acid

contamination samples contribute to horizontal streaking (Gorg., et al., 1997).
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Figure 2.4 Sample preparation of Asaia SF2.1 by protein extraction methods

(i.e., Urea buffer method, Lysis buffer method and TCA-acetone method)

Many proteins bind nucleic acids, which can generate a mixed population of
protein-nucleic acid species, each with distinct isoelectric points. Nucleic acids
removed from samples by treating the sample with nucleases prior to IEF.
Ultracentrifugation used to remove large nucleic acids. However, this
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technique may also remove high molecular weight proteins from sample. Also
protein samples always prepared using high purity urea and not heated above
30°C. Polysaccharides can clog gel pores, preventing sample entry into the
IPG strip, through affect precipitation, focusing times, resulting in horizontal
streaking. Ultracentrifugation often sufficient to remove carbohydrates. Many
proteins, particularly membrane proteins, are complexed with lipids. This
reduces their solubility and can affect both the pl and the molecular weight.
Lipids form complexes with detergents, reducing the effectiveness of the
detergent as a protein-solubilizing agent. When we prepared the samples all
these points were considered according to our setup. During the sample
preparation, different protocols were performed to understand the suitable
method for protein extraction in order to focus clear spots such as urea buffer
extract method, NaOH method and TCA-acetone method. The samples
prepared by the mentioned protocols were submitted to 2D-PAGE. The gel
images results (Fig. 2.4) concludes, TCA—-acetone method, showed the good
quality of protein and obtained the clear spots of protein profile of Asaia SF2.1.
TCA-acetone, which is an organic solvent commonly used to precipitate the
protein, more effective to remove the residual part of salts and TCA plays the
role in removing polysaccharide clogs from the gel pore. The gel image results
(Fig. 2.5) concludes, urea buffer extract and NaOH methods shows the poor
quality of protein spots of Asaia SF2.1, and not a suitable sample precipitation
methods as the samples were not solubilized completely due to the presence of
salts and ions, which affects the horizontal streaking and as a result the

proteins were not clearly focused.
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Figure 2.5 Comparison of 2DE protein profile between different protocol of sample preparation
method such as Urea Buffer extract, NaOH method and, TCA-Acetone method followed by 2D-
PAGE setup.
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Conclusion

The condition for protein extraction methods were optimized and obtained the
good quality of protein extraction of all strains of AAB using SDS-PAGE.
Further quantification of protein were performed by Bradford method to
measure the amount of protein concentration of all strains. The amount of
protein (350-400ug) required for 2D-PAGE setup were confirmed by Bradford
method. In comparison with all AAB strains, Asaia SF2.1 were selected for
further 2D-PAGE setup based on the availability of genome sequence, protein
quality and quantity. IEF (Iso electric focusing) program were successfully
optimized for 1% dimension. The different trials of sample precipitation method
were carried out followed by 2D-PAGE setup. Our results indicates that, TCA-
acetone were the best sample precipitation method and TCA-acetone showed
the clear round spots of proteins as the precipitates were solubilized
completely. Further, comparative proteomic analysis of the selected bacterial
strains (Asaia SF2.1) in different growth conditions (6% and 20% oxygen) in

bioreactor were performed.
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Materials and method

SDS-PAGE: Isolates strains of biomass (approx. 60-200 mg, wet weight),
was taken from -80°C and cell pellet was re-suspended in 2 volume (v/w) of
extraction mixture (i.e., 1 volume of phosphate buffer saline and 1 volume of
denaturing buffer). The final extraction mixture was obtained by adding to the
cell pellet. At first, 1 volume of phosphate buffer saline (PBS 1X; 15 mM
KH,POy4, 150 mM NaCl, pH 7.4), 5-10 min vortexed, and then 1 volume of 2X
SDS-PAGE sample buffer (0.5M Tris-HCI, pH 6.8, 0.4% SDS-150mg,
Bromophenol blue solution-1 ml, B-mercapto ethanol-100 pl adjusted to 4 ml
with glycerin) was added. After that 5-10 min vortexing, extracted samples were
heated for 5 min by immersion in boiling water. Then loaded the sample 10 pl
and 5 pl marker on SDS-PAGE. 12% poly acrylamide separating gel and 4%
stacking gel were used for SDS-PAGE and pre-stained protein marker-brand
range (Bio-Labs) was used as a molecular weight standard. SDS-PAGE gels
were run at 80 V for 15 min and then, at 120 V for 2 h (Laemmli, 1970) and
proteins were separated by based on molecular weight. At the end of
electrophoresis, gels were visualized by staining with Coomassie Brilliant Blue
according to (Holtzhauer 2006) and destained for 2 h in a solution containing
50% methanol and 10% glacial acetic acid. Gels were either directly acquired
under trans UV light. The SDS-PAGE result showed that some strains had
migration problems because some particulates of solid were present in the
sample, So further dilutions (2x diluted and 2.9x diluted) of same sample were

made and observed clear protein band of each strain.

Determination of the protein concentration by (Bradford

assay): Protein concentration of complex samples was determined by the
Bradford assay (Bradford et al., 1976) using bovine serum albumin (BSA) as
standard assay (2mg BSA /ml of buffer) by absorbance 595nm at
spectrophotometer (T80 UV-VIS spectrophotometry - PG Instrument Itd)
(Colnaghi et al., 1996). This technique is a simple and accurate procedure for
determining the concentration of protein in solution. This assay involves the

binding of Coomassie Brilliant Blue G-250 dye to proteins (Bradford et al,
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1976). The dye exists in three forms: cationic (red), neutral (green), and anionic
(blue). Under acidic conditions, the dye is predominantly in the doubly
protonated red cationic form. However, when the dye binds to protein, it is
converted to a stable unprotonated blue form. This blue protein-dye form that is

detected at 595 nm in the assay using a spectrophotometer.

Sample preparation methods for protein extraction: Sample
preparation is possibly the most important step of 2-DE because the quality of
the 2-DE pattern largely depends on it. It has been necessary for the efficient
solubilization of proteins and removal of the contaminants present in the sample
often conflict with the constraints imposed by IEF with regard to sample buffer
composition. During the sample preparation, 3 different trials were performed to
understand the suitable method for sample in order to focus clear spots such as
Urea Buffer extract method (Trial 1), NaOH method (Trial 2) and TCA-Acetone
method (Trial 3).

Trial 1. Urea Buffer extract (Duche et al. 2002; Roy et al. 2014). The cell pellet
of Asaia SF2.1 were used for protein extraction using urea extract buffer (Urea
7M, Tiurea 2M, Chaps 2%, DTT 65mM). Stored (-80°C) cell pellet of Asaia
SF2.1 aliquots were used for protein extraction using urea extract. Normally
urea is a one of the strong denaturing buffer and standardized procedure for
extracts sample preparation. Initially, depends on the cell pellet weight
(proposition: 125mg cell/ml of urea), pellet were re-suspended with urea buffer.
Cells were broken by sonication (5 cycle of sonication at 30% power) followed
by collection of urea supernatant by centrifugation and protein were quantified
by Bradford method. The BSA were used for standard assay (2mg BSA /ml of
buffer) and determined the protein concentration of Asaia SF2.1 cell pellet.

According to the protein concentration, 2D-PAGE Setup were performed.

Trial 2. NaOH method (Mehmeti et al. 2011). The cell pellet of Asaia SF2.1

were re-suspended in lysis buffer instead of Urea buffer according to the

propositions (800 pl of lysis solution/100mg of cell). After sonication process,

25% of TCA were added and incubated for 30 min at 4°C followed by

centrifugation process, after certification, protein were quantified by Bradford
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method. Finally washed the pellet with cold acetone in order to remove the
acetone odour in the pellet and stored at -20°C until to start with 2D-PAGE
Setup.

Trial 3. TCA-Acetone method (Valcu and Schlink K. et al., 2006). The TCA and
acetone is commonly used to precipitate proteins during sample preparation of
2DE. Because it's effectively removing the salts, other contaminants and also
solubilize the protein completely. Generally, acetone is an organic solvent and
TCA plays the role in removing the polysaccharide clogs from gel pores
otherwise it will affects horizontal streaking during focusing and also DTT
(always freshly prepared) is used as protease Inhibitors. The cell biomass of
Asaia SF2.1 were grinded using pestle instead of sonicator and 10% cold TCA-
acetone with DTT were added instead of urea buffer and lysis buffer, and
incubated overnight at -20°C. After centrifugation, the pellet were washed with
20mM DTT in cold acetone instead of room temperature (RT) acetone followed
by centrifugation and the pellet were stored at -20°C until to start with 2D-PAGE
Setup.

2-Dimensional gel electrophoresis (2D-PAGE): In any proteomic
experiment, the most important step as a reliable and comprehensive protein
extraction is the closest proteomic equivalent to a fully sequenced and
annotated genome. 2DE gel electrophoresis was performed according to the
method of (Mehmeti, et al., 2011) with some modifications. After sample
preparation of each trial, the sample was re-suspended in rehydration buffer in
order to focus IEF for 1% dimension and further followed SDS-PSGE. The
protocol was common for all trials. Briefly, crude protein extracts were
solubilized in 250ul (350-400ug) in a rehydration buffer (Urea 7M,Tiurea 2M,
Chaps 2%, 0.05% 4-7 IPG buffer (Amersham), DTT 10 mg/ml and applied on
13cm IPG strips (Amersham Bioscience, pH 4-7 NL) rehydration with sample
on re-swelling tray. The IPG strips with solubilized sample were rehydrated
overnight at 20°C under mineral oil for the first dimension. The strips were
focused on Ettan IPGphor Il (GE Healthcare). IEF was performed for a total of
50 kVh at 20 °C with the following program steps: 17V for 3.5h, 25V for 3.5h,

and 100V for 1.5h, 500V for 3.5h, 1000V for 4h, and 6500V for 3.5h. After IEF,
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strips were equilibrated prior to the second dimension twice for 15 min under
gentle shaking at room temperature in 5 ml equilibration solution (1.87M Tris
HCI pH 8.8, 6 M urea, 2% SDS, 20% w/v glycerol, 0.002% bromophenol blue,
1% DTT) and then for an additional 15 min in the same solution, except 1%
DTT which was replaced with 5% iodoacetamide respectively. Equilibrated
strips were positioned and sealed on top of the second dimension gel with a
0.5% low melting agarose solution. The focused proteins were separated in a
vertical SDS-PAGE in 12% (w/v) polyacrylamide gel. Separation was performed
in a Bio-Rad system using constant amperage (20 mA per gel). Following
electrophoresis, the gels were stained with coomassie blue standard protocol at
overnight; 10% acetic acid / 50% ethanol and 0.05% R-250 brilliant blue
overnight; followed by destaining with 10% acetic acid / 30% ethanol and Gels

were digitized using VersaDoc MP Image System(Bio Rad).
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Setting Asaia SF2.1 Growth Conditions in

Bioreactor

Abstract

Acetic acid bacteria (AAB) known to be a strict aerobic bacteria living in various
parts of insect for the establishment of endosymbiotic relationship. Our aim was
to produce biomass for 2DE analysis under a condition simulating the hypoxic
gut environment. In particular hypoxia and normal oxygen growths were set up
in a bioreactor (BioFlo/CelliGen115) with real time monitoring of some
parameters (e.g. oxygen level, Nitrogen level, agitation, aeration and foam/level
etc.). The comparative proteomic approach requires a consistent amount of
bacterial-specific protein, hypoxia was applied as a model condition in order to
mimic the insect gut condition. Here we shown the setup of different growth
conditions (normal 20% and low oxygen 6%) of Asaia SF2.1 strains in
bioreactor and stabilized the conditions for bacterial growth strains followed by
mass cultivation of Asaia SF2.1 growth. Our results shows the setup of different
percentage of dissolved oxygen (6% and 20% oxygen) in bioreactor and
evaluated the growth curve of Asaia SF2.1 in both conditions followed by mass
cultivation of Asaia SF2.1 growth. Both conditions showed the higher biomass
yield at late exponential phase. TCA-Acetone was the best method for protein

extraction.

Introduction

Symbiotic bacteria has significant impact on evolution, diversity and it is
present all over (Margulis L, et al., 1991 and Ruby E, et al.,, 2004). Some
bacteria are harmful and referred to as parasite or pathogens, while other plays
an important role in host system and are known as mutualists. There are

diverse group of bacteria and its symbiotic associations with host system,
62



Chapter lll

among which the most cohesive forms are found in so called endosymbiosis,
where symbiotic bacterial live inside the host body which allows them to interact
intimately with the partners (Yoshitomo Kikuchi,2009). Insects harboring
endosymbiotic bacteria are vertically transmitted from mother to the offspring by
an elaborate mechanism known as “transovarial transmission” where the
symbiont directly infects the developing eggs or embryos within the maternal
body (Buchner, 1965; Houk and Giriffiths, 1980). The ability of this bacterium to
invade different organs of its insect host suggests that Asaia can be transmitted
by a variety of transmission routes, both vertical and/or horizontal (Damiani et
al. 2008; Crotti et al. 2009; Gonella et al. 2012).

Asaia sp. strain SF2.1 is a Gram-negative member of the
Alphaproteobacteria, family Acetobacteraceae (Yamada et al., 2000). Previous
studies shows that annotation of genomes of Asaia platycodi (isolated from the
malaria vector Anopheles stephensi) and Saccharibacter sp (isolated from
honeybee Apis mellifera) has revealed a series of potential symbiotic traits that
are secretion system (Sec-SRP and Tat for both genomes) of Asaia platycodi
and Saccharibacter and motility and cell surface structures and (type IV and
ABC transporters in the case of A. platycodi) that may have roles in the cross
talk between the bacterium and the insect (Chouaia et al. 2014). Both genomes
contain the operon for the production of acetoin and 2,3-butandiol. These
molecules have been shown to play a role in insects’ pheromone signaling
(Tolasch et al. 2003). 2,3-Butandiol has been implicated in the modulation of
the innate immunity response of vertebrate hosts, facilitating tissue colonization
by pathogenic bacteria (Bari et al. 2011). This trait was observed in other AAB
symbionts (i.e., Ac. tropicalis, C. intestini, Glucona. diazotrophicus, Glucona.
europaeus, Glucona. oboediens, G. frateurii, G. morbifer, G. Oxydans, and G.
thailandicus).

AAB are known to survive in oxygen rich environments (Kersters et al.
2006). In contrast, many arthropod guts have varying oxygen level from aerobic
to completely anoxic (pH of 5.8, 5.4) (Sudakaran et al. 2012). All the genes for

operons of cytochrome bo3 (CyoA-D) and bd (CydAB) ubiquinol oxidase are
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present in the genome of AAB, which have high affinity for oxygen. This
indicate that AAB and both the A. platycodi and Saccharibacter sp., has the
capacity to respire through an aerobic respiratory chain independent from the
terminal cytochrome aa3 oxidase, an enzyme with low affinity for oxygen, that
is absent in AAB. Even though AAB are commonly termed as strictly aerobic
organisms thriving in normoxic environments, and it possess ubiquinol oxidases
that should allow their survival under micro-oxic conditions, such as those
existing in the insect gut (Sudakaran et al. 2012). Furthermore, phylogenetic
comparisons shows the presence of terminal oxidase in the common ancestor
of AAB and thus forms an ancestral character. A. platycodi and Saccharibacter
sp. and all AAB have the potential to thrive at low oxygen concentrations
(Chouaia et al. 2014). Recent technologies such as PCR, molecular
phylogenetic analysis, sequencing, genomics, proteomics, in situ hybridization
and metagenomics have enabled to directly observe endosymbiotic
associations. Here, we shown the simulation of insect gut condition (hypoxia or
6% oxygen) and the normal environmental condition (20% oxygen) of Asaia
SF2.1 growth in bioreactor, in order to find the novel genes role in

endosymbiosis by using comparative proteomic approach (2D-PAGE).
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Results and Discussion

Acetic acid bacterial (AAB) are aerobic organism and are known to live in
oxygen rich environment. However, oxygen levels in insect gut regions of many
arthropods might vary from aerobic to anoxia (2% to 7% O2) (John T. Wertz
and John A. Breznak, 2007; Sudakaran et al. 2012). Thus, in laboratory
condition, we had setup hypoxia (6% O) and normal oxygen (20% Oy)
condition in bioreactor to study the growth condition for further comparative
proteomics using 2D-PAGE. It is already known from the genomic evolutionary
analysis studies, the genes for the operons of cytochrome bo3 (CyoA-D) and
bd (CydAB) ubiquinol oxidase is present in all AAB genome, which have high
affinity for oxygen (Chouaia et al., 2014). This indicates that Asaia SF2.1 and
other AAB have the capacity to respire in an aerobic condition and therefore,
AAB have the potential to thrive at low oxygen concentrations like the
enterobacteria colonizing animal guts (Chouaia et al., 2014).

However, AAB are usually described as strictly aerobic organisms thriving
in normoxic environments, our results show that AAB Asaia SF2.1 grow and
survive in hypoxia condition (6% oxygen) and also in normal condition (20%
condition) survival under micro-oxic conditions, such as those existing in the
insect gut (Sudakaran et al. 2012). In this work, the scaling up of biomass
production of Asaia SF2.1 was carried out in two different conditions that is
hypoxia (6% O2) and normal (20% O;) setup in the bioreactor
(BioFlo/CelliGen115) with the controlled parameters such as pH, dissolved
oxygen (DO), agitation, aeration foam/level and temperature, and stabilized the
bacterial growth strains in order to evaluated the growth condition of dissolved
oxygen of Asaia SF2.1. The setup of 6% and 20% oxygen conditions in

bioreactor are discussed below:

Setup of 6% oxygen condition

For set up of hypoxia condition in bioreactor, oxygen must be limited to
introduce in the media. During hypoxia condition, the organisms grows in low
oxygen to survive (i.e., environment containing lower levels of oxygen 2-8%)
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compared to oxygen in the atmosphere (i.e. <21% O3). The dissolved oxygen
6% were setup and once the dissolved oxygen was stable at 6% according to
the setup of present value (PV), then 45 ml of overnight culture of Asaia SF2.1
was inoculated into fresh two litres GLY medium in bioreactor. During Asaia
SF2.1 growth, 6% of oxygen was completely maintained in bioreactor
according to the setup and further monitored the growth based on OD. The
hypoxia (6% oxygen) growth conditions of Asaia SF2.1 optimized in bioreactor,
resulting in significantly increased cell biomass yield at late exponential phase
(Fig. 3.1). Finally, as a result, insect gut condition was mimicked and three
replicates growth condition (6% oxygen) of Asaia SF2.1 were successfully
performed and mass cultivation of biomass were collected, when the bacterial
culture reached 1 OD at 600nm at late exponential phase and saved our data

through bio command programme.
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Figure 3.1 Setup of 6% dissolved oxygen growth condition of Asaia SF2.1 stabilized in bioreactor
(BioFlo/CelliGen115).

Setup of 20% oxygen condition

Naturally in the atmosphere, 20-21% of saturated oxygen is present. The
dissolved oxygen 20% were setup in bioreactor and once the current value
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reached to stable condition, the setup steps were followed (See materials and
methods section). The media was calibrated once the value reached 20% O,
the stable condition was maintained. The dissolved oxygen stabilized at 20%
and 45 ml of pre-inoculum culture of Asaia SF2.1 was inoculated into fresh two
litres GLY medium in bioreactor and setup was controlled through bio
command programme. According to our set up, the growth of 20% oxygen was
maintained and further monitored the growth based on OD. Biomass was
harvested, once the bacterial cultures reached 1 OD at 600nm at late
exponential phase (Fig. 3.2). The same procedure were followed for three
replicates of 20% oxygen growth. Finally, as a result, three replicates (growth
conditions of Asaia SF2.1 20% oxygen) were performed and mass cultivation of
biomass collected and saved our data through bio command programme. Both
conditions that is normal (20% O3) and microaerophilic (6% O3), carried out on
the same bioreactor, but the only difference between these two conditions is
that the different percentage of oxygen introduced into the medium during

growth setup.
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Figure 3.2 Setup of 20% dissolved oxygen growth condition of Asaia SF2.1 stabilized in
bioreactor (BioFlo/CelliGen115).
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Asaia SF2.1 biomass data

Initially, dissolved oxygen (20% O, and 6% O;) were setup and investigated
the cell growth. The evaluation of biomass during the time of growth (Fig. 3.3 &
3.4) in bioreactor under different oxygen (20% Oz and 6% O3) conditions were
compared. In both condition (20% O, and 6% O;) of Asaia SF 2.1 growth
reached the OD 1 at 600nm in 7 hours. As a result, approximately 120 to 150
mg from 100 ml culture of Asaia SF2.1 biomass (mg) from both conditions
(20% O, and 6% O;) were obtained. From 1 ml of culture 5x 10® /ml number of
cells were obtained by diluting the bacterial culture plating on a petri dish by
serial dilution method in both condition. Therefore, it's clear from the
exponential growth phase (See fig. 3.3 & 3.4) of Asaia SF2.1, which is
approximately propositional to dissolved oxygen of Asaia SF2.1 (See fig 3.1 &
3.2).
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Figure 3.3 Shows the evaluation of Asaia SF2.1 biomass. Culture (Asaia SF2.1, 20% O,
condition) measured for every 1 hour at 600 nm and biomass collected once reached to OD 1

at late exponential phase.
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Figure 3.4 Shows the evaluation of Asaia SF2.1 biomass. Culture (Asaia SF2.1, 20% O,
condition) measured for every 1 hour at 600 nm and biomass collected once reached to OD 1

at late exponential phase.

Comparative proteome analysis (2D-PAGE) of Asaia SF2.1
biomass

The biomass obtained from both conditions (20% O2 and 6% O2) were
further applied for 2D-PAGE analysis. In particularly TCA-acetone sample
preparation method were used for protein comparison between two conditions.
Both conditions of Asaia SF2.1 cell biomass were extracted by TCA-acetone
sample preparation method and further quantification of protein were performed
by Bradford method to measure the amount of protein concentration of Asaia
SF2.1. The approximate amount of protein were used for 2D-PAGE analysis of
both conditions (ref. previous chapter). Finally our results (Fig. 3.3a, 3.3b)
shows the clear spots of protein profile of Asaia SF2.1 in both conditions. Total
five replicates of 2DE gels were performed for each condition (6% and 20%

oxygen) of Asaia SF2.1 biomass and analyzed the comparison of protein profile
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(or) spots at expression level by Image analysis (ImageMaster 2D Platinum
6.0).
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Figure 3.3a Shows optimization of 2DE protein profile of Asaia SF2.1, 6% dissolved oxygen
condition: Protein extracted by grinding with pestle followed by TCA-Acetone precipitation
solution and 400ug of protein loaded in gel. Soluble protein separated by first dimension (pH 4-
7-NL IPG) and second dimension (12% SDS-PAGE).
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Figure 3.3b Shows optimization of 2DE protein profile of Asaia SF2.1, 20% dissolved oxygen
condition: Protein extracted by grinding with pestle followed by TCA-Acetone precipitation
solution and 400ug of protein loaded in gel. Soluble protein separated by first dimension (pH 4-
7-NL IPG) and second dimension (12% SDS-PAGE).

71



Chapter lll

Conclusion

Our results shows the setup of different percentage of dissolved oxygen (6%
and 20% oxygen) in bioreactor and evaluated the growth condition of Asaia
SF2.1 followed by mass cultivation of Asaia SF2.1 growth (i.e.) three replicates
of each growth conditions (6% and 20% oxygen) in bioreactor were done. Both
conditions showed the higher biomass yield at late exponential phase. TCA-
Acetone was the best method for protein extraction and proteins were
extracted. Five replicates of 2DE gels were obtained for each condition (6%
and 20% oxygen) of Asaia SF2.1.
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Materials and method

In laboratory, different growth condition (20% and 6% oxygen) of Asaia SF2.1
were setup in bioreactor (BioFlo/CelliGen115). The bioreactor equipped with
temperature, pH, dissolved oxygen (DO), agitation speed, control unit,
connected to a computer (Bio command software - centralized control) and

automatic data process recording.

Before inoculating the culture, all valves were connected such as
bioreactor valve connected with machine valve, bioreactor (sparge) - machine
valve (sparge), bioreactor (return) - machine valve (Exh-cond-return),
bioreactor (return-in) - machine valve (return-in), bioreactor (pH probe) -
machine valve (pH only), bioreactor (O3) - machine valve (O; only), pH and DO
probes was calibrated. For Asaia SF2.1 growth in bioreactor, a pre-mixed gas
that is air and nitrogen was introduced into the medium through the ring
sparger (or) optional microsparger. The flow rate was controlled manually by
rota meters (air flux ball) and (N2 flux ball) .The (TMFC) thermal mass flow is
regulated automatically according to values set via the control station of touch
screen and controlled all the parameters such as dissolved oxygen (DO),
agitation, aeration and foam/level. Each equipment have different functions that

are discussed below.

Agitation system: A removable agitation motor located on its top of
bioreactor and connected to the agitation shaft with a magnetic coupling. This
motor provides cascade that means a speed range from 50 to 1200 rpm in-
order to control the set point that is one or more parameters to influence such
as Dissolved Oxygen (DO) to Agitation (AGIT) and foam control. So the
agitation speed varies between the user-specified minimum and maximum set
points in order to maintain the set percentage of DO. The whole process
controlled by software ensures agitation speed control, throughout the speed

range.

DO control: Dissolved oxygen (DO) was controlled by the range of 0-20%.

The control was maintained by PID (Proportional-integral-derivative) controller
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by changing the speed of agitation, and the thermal mass flow controller
regulated flow rate and/or the percentage of oxygen in aeration. Before
sterilization, the oxygen probe connected to the operating oxygen amplifier or
polarizing module and after sterilization, kept overnight for polarization prior to

calibrating the probe.

pH control: The pH was measured by range of 4-7 by PID (Proportional-
integral-derivative) cascade controller, which operates peristaltic pumps,
assigned to perform acid of HCI (0.1M ) or base NaOH (0.1M) addition or which
controls the use of gases for this purpose. The pH sensed by a gel-filled pH
probe. The electrode was calibrated before sterilization and checked afterwards

during sampling.

Temperature control: The media temperature sensed by a Resistance
Temperature Detector (RTD) submerged in the thermowell and controlled at
30°C. The thermostat system is an open pressure free system. It includes a
heater blanket and a valve for cooling water supply. Circulation pump delivers
water of the pre-adjusted temperature to the culture vessel. The digital
measurement and software ensures a precise and constant temperature

control.

Culture cultivation in the bioreactor: The general procedure (Kadere
et al. 2008) were followed, the Gly agar (glycerol 2.5%, yeast extract 0.5%,
agar 2%, pH 5) plates were used for Asaia SF2.1 growth. The inoculum always
contributed as small pinch from the glycerol stock culture and streaked in
plates. Plates were incubated at 30°C for 2 days in order to isolate the pure
strain. Then isolated pure strain was inoculated in 500 ml flasks containing 100
ml of Gly liquid medium and incubated at 30°C overnight. The fermentation
were carried out in a 10 litre bioreactor (New Brunswick BioFlo/CelliGen 115)
with a working volume of 2 litres Gly medium. Then 45 ml of overnight culture
was transferred into the bioreactor by using 50 ml syringe and controlled all the
parameters and monitored the growth based on OD 600 nm (Jenway
spectrophotometer 6705) for every 1 hour. Once reached the optical density at
late exponential phase, immediately growth were arrested and cells harvested
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by centrifugation at 3000 rpm for 15 min at 4°C and washed the cell pellet 3
times with 1X PBS buffer and quantified the wet pellet. Further protein profiles
from both conditions were evaluated by 2D-PAGE analysis in particularly using
TCA-Acetone method.

Setup of 6% oxygen condition in bioreactor: First step, the dissolved
oxygen (DO) 20% (Open air flux-3.3) were setup and once the current value
reached the stable condition, pressed SET SPAN. Second step, the dissolved
oxygen 0% were calibrated and opened the N2 flux -3.3 LMH (Gas-1) and
closed the air (Gas-2), once the current value was stable, pressed SET ZERO.
Third step, the medium was calibrated once the set value reached 6% O,, and
both the valves were opened i.e., N (flux-2.3 LMH) & air (flux-1.2 LMH). Fourth
step, once the dissolved oxygen was stable at 6% according to our set up of
present value (PV), then 45 ml of overnight culture inoculated into fresh two
litres GLY medium in bioreactor. During growth, 6% of oxygen was completely
maintained in bioreactor according to our setup by adjusting N, flux-2.3 LMH &
air flux-1.2 LMH (Liter/m2/h) the volume of gas and further monitored the
growth based on OD. The hypoxia (6% oxygen) growth conditions optimized in

bioreactor.

Setup of 20% oxygen condition: The steps were followed for the setup
of 20% oxygen condition are: First step, the dissolved oxygen 20% (Open air
flux-3.3) were setup and once the current value reached the stable condition,
pressed SET SPAN. Second step, the dissolved oxygen 0% were calibrated,
which indicates the absence of oxygen in the media. Third step, the air (Gas-2)
was closed, and the valve N, flux-3.3 LMH (Gas-1) was opened and once the
current value was stable, pressed SET ZERO. Fourth step, the media was
calibrated once the set value reached 20% O2 and the valve was opened (i.e.,
air flux-2.6 to 3.1 LMH maximum level) and maintained the stable condition.
Fifth step, the dissolved oxygen stabilized at 20% according to our set point of
present value (PV) then 45 ml of pre-inoculum culture was inoculated into fresh
two litres GLY medium in bioreactor and setup was controlled through bio
command programme. The 20% oxygen condition was maintained and further

monitored the growth based on OD.
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Chapter IV

Comparative 2DE gel analysis of Asaia SF2.1

Abstract

AAB are usually described as strictly aerobic organisms thriving in normoxic
environments. In contrast, in many arthropods, the oxygen level may vary from
aerobic to completely anoxic. AAB Asaia SF2.1 were found in insect gut, where
the oxygen level is very low. Thus, in order to mimic the insect gut condition
(hypoxia condition) growth of Asaia SF2.1. The aim was to setup different
growth condition (i.e., hypoxia 6% and normal 20%) of Asaia SF2.1 and to
perform the comparative proteomic analysis by 2D-PAGE followed by mass
spectrometry analysis. Therefore, 2D-PAGE were performed to obtain the
protein profile followed by data analysis of protein gel images using Image
analysis software. The 2D-protein gels from each conditions were optimized
based on the spot detection parameter and data analysis of intra class report
were analysed. According to the data analysis and visual observations, 12
spots were selected in which some spots were more expressed while others
less (or) not. After comparison between the two conditions (6% and 20%
oxygen), the protein spots were picked for mass spectrometer analysis. MS
analysis identified different proteins from the selected spots and functional
categorization of proteins was carried out according to the gene ontology (GO)
rules, protein spots were mostly identified as being involved in transcription,
cellular respiratory function, cell wall biogenesis, protein biosynthesis, pentose-
phosphate shunt etc. which pave the way to confirm in the role of

endosymbiosis.
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Introduction

Overview of protein detection and image analysis

Proteomics, one of the most important areas of research in the post-
genomic era, is not new in terms of its experimental foundations. Proteomics
enables understanding the structure, function and interactions of the entire
protein content in a specific organism (Mishra et al.,, 2011). The term
"proteomics" is a large-scale comprehensive study of a specific proteome,
including information on protein abundances, their variations and modifications,
along with their interacting partners and networks, in order to understand
cellular processes (Pandey and Mann, 2000). This proteomic approach was
created by combining 2-DE technology with mass spectrometry and
bioinformatics. The rapid advancement of this technique in combination with
other methods used in proteomics results in an increasing number of high-
throughputs. This leads to an increasing amount of data that needs to be
archived and analyzed (Wilke et al., 2003). It is a natural consequence of the
huge advances in genome sequencing, bioinformatics and the development of
robust, sensitive, reliable and reproducible analytical techniques (Mao et al.,
2010).

In the current proteomic landscape, 2DE gel-based proteomics is the
only setup in which there is a display of the output before the mass
spectrometry stage, and this output is precisely the on-gel detection of proteins
(Rabilloud et al., 2011). The important steps involved behind, that is
quantitative analysis of 2DE steps, and it allows to perform a spot selection and
this based on difference in expression level once the gel images were
submitted to automatic spot detection program according to the manufacturer
recommendations. The differential expression values must be accurate and
reproducible that is the relative quantities of the same protein spots in different
gels are correctly evaluated followed by spot filtering, spot editing, background
correction, gel matching, normalisation, comparison, quantification and
reporting and exporting of data and also spots densitometry (%V spot / V total
spots) was calculated by using the 2DE software (Image Master 2D Platinum)
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to obtained by expressing the intensity of each protein spot in a gel as a
proportion of the total protein intensity detected for the entire gel. First of all,
this means that only a very limited portion of the proteins present in the
samples with replicates will need to be analyzed by comparative studies
(Natale et al., 2011). The quantitation of protein expression in a proteome
provides the first clue into how the cell responds to changes in its surrounding
environments. The resulting over (or) under expressed proteins are deemed to
play important roles in the precise regulation of cellular activities that are
directly related to a given exogenous stimulant (Manso et al 2005; Eckerskorn
et al 1997). However, the quantitative analysis of 2DE gels that will lead to
better prediction of protein function of molecule and cell signaling, host
defense, as well as protein interactions studies of endo-symbionts. In
quantitative analysis, one of the parameter is a data analysis. It's refers to
study the variations in protein expression among a series of gels, the gels were
matched together. Initially, the gel images were stained and further analysed.
Some gels has fewer proteins present in a simple pattern are compared by
overlaying the gels and manually inspecting the profiles for proteins with any
electrophoretic mobilities. And if the number of proteins present in the gel
increases, the computer programs with specific software to match the profile
becomes necessary. However, image analysis process in 2DE gel-based
proteomics must be stressed, because it's usually not the simple comparison of
two gels, but the multiple comparison of several gel images, since the very

early days of the technique (Mao et al., 2011).

Mass spectrometric analysis of protein spots

Mass spectrometry (MS) at the beginning period of time dated back to last
century was a susceptible technique. Mass spectrometry is a powerful
technique in analytical chemistry that was originally designed to determine the
composition of small molecules in terms of their constituent elements with very
high sensitivity. Hence, it is used in the wide range of applications in different
fields. One such field is proteomics, where in large-scale analysis of the

function of genes studied and is becoming a central field in functional genomics
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(Pandey and Mann, 2000). Currently MS is used in the molecular weight of a
protein identification, detect and characterize the post translational
modifications and potentially can identify any covalent modification that alters

the mass of a protein.

Electrospray ionization (ESI) and matrix-assisted laser
desorption/ionization (MALDI) mass spectrometry have evolved over the last
few years as very sensitive and versatile techniques for the structural analysis
of proteins and other biomolecules. The steps included in the MS pipeline were
shown in (Fig 4.1), includes the digestion of the proteins by proteolytic enzymes
(i.e., trypsin, chymotrypsin and elastase) to yield shorter pieces (peptides) that
are subsequently sequenced. Even if the MS measure the mass of intact
proteins, the sensitivity of the mass spectrometer for proteins is much lower

than for peptides (Steen and Mann, 2004). Mass spectrometry is efficient at

Figure 4.1 General Scheme of 2DE gel-based proteomics and Mass Spectrometry
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Pipeline. A protein population is prepared from a biological source such as a cell culture. The
proteins are first separated from a mixed sample by means of an SDS gel. After detection of
the proteins in the gels, the resulting images are quantitatively analyzed to determine the spots
of interest. Those spots are then excised and submitted to in-gel digestion (generally with
trypsin). The resulting peptides are then eluted and analyzed by mass spectrometry, the
resulting peptides are loaded onto an HPLC column coupled to a mass spectrometry, leading to
protein identification and characterization. The peptides are ionized before entering the mass
spectrometer. The sequence of the protein determined using data analysis software (Steen and
Mann, 2004).

obtaining sequence information from peptides that are up to 20 residues long.

Digesting the whole protein into a set of peptides and separated on the HPLC

column, using a solvent gradient of increasing organic content, so that the
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peptides emerge in order of their hydrophobicity and it is assumed during the
analysis, only a single peptide species enters the mass spectrometer during
each cycle. When a peptide species arrives at the end of the column, it flows
through a needle. At the needle tip, the liquid is vaporized and the peptide is

subsequently ionized by the action of a strong electric potential.

The MS might make two runs for every peptide that arrives at the end of
the HPLC columns. During the second run, gas phase peptide ions undergo
collision-induced dissociation (CID) with molecules of an inert gas such as
helium or argon and get broken into pieces. The result of this second run is a
spectrum - that is, the masses of a large number of smaller peptide fragments.
At low collision energies CID (<100eV), fragmentation occurs mainly along the
peptide backbone bonds, i.e., the N-C bond between amino acids. At higher
energies, fragments generated by breaking internal C-C bonds are also
observed (Sadygov et al., 2004). Based on the charge retained on the ‘N’ and
‘C’-terminal side of the fragmented peptide, the ions are denoted as a; b; b and
X; y; z. The HPCL runs throughout the cycle though a sequence that consists of
obtaining a mass-to-charge ratio of the species eluted from the HPLC column
followed by obtaining tandem mass spectra of the most abundant species of
peptides. The concentration of the inert gas involved in the collision is
calibrated with the expectation that each molecule of a given peptide will break
in a single place. Therefore, peptides are expected to dissociate into nested
sets of fragments and subsequently successive peaks for different amino acids
based on the molecular mass were detected. Thus the amino acid peaks
detected were subjected to data analysis for further characterization of
proteins, posttranslational modifications other macromolecules. Protein
identifications were obtained with the embedded ion accounting algorithm
(Sequest HT) of the software Proteome Discoverer (version 1.4, Thermo Fisher
Scientific) after searching a UniProtKB/TrEMBL Protein Knowledgebase
(taxonomical restriction: Asaia platycodi SF2.1, 3273 sequence entries).
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Data management

Extracted Protein are separated from biological sample. Further proteins
are detected by experimental conditions. Gel image visualization using Image
Master 2D Platinum, further set up and optimizing the spot detection
parameter, after gel matching comparison with a reference gel and spots were
annotated. Finally comparison of data analysis to study the expression and
identification of spot picking for MS analysis. Those spots interested are then
excised and submitted to in-gel digestion (generally with trypsin). The resulting
peptides are then eluted and analyzed by mass spectrometry, leading to
protein identification and characterization (Fig 4.2). The aim of work was to pick
protein spots of 2DE gel from both conditions (i.e., hypoxia or low oxygen 6%

and normal oxygen 20%) for mass spectrometer analysis.
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Figure 4.2 Overview of data management of 2DE protein image
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Results and Discussion

Gel image analysis using Image Master 2D Platinum 6.0

The gel images with proteins spots from both (hypoxia and normal)
conditions were evaluated by image analysis software. According to the data
analysis and visual comparison of multiple gels i.e., each spot were compared

16 times with same spot of other replicates and verified protein
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Figure. 4.3a. A proteome reference map of Asaia SF2.1 under hypoxia (6% O;) condition.
Separation of proteins by 2D-PAGE (400 ug on IPG Strip 13cm, pl 4-7 linear (GE healthcare,
Code no: 17-6001-13), M-Marker (Code no: 17044601, GE Healthcare) and 12% SDS-PAGE)
and then visualized by coomassie staining. The highlighted spots (arrow mark symbol) picked

based on the expression differences by image analysis.
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Figure. 4.3b. A proteome reference map of Asaia SF2.1 under normal (20% O,) condition.
Separation of proteins by 2D-PAGE (400 ug on IPG Strip 13cm, pl 4-7 linear (GE healthcare,
Code no: 17-6001-13), M-Marker (Code no: 17044601, GE Healthcare) and 12% SDS-PAGE)
and then visualized by coomassie staining. The highlighted spots (arrow mark symbol) picked

based on the expression differences by image analysis.

expression between two conditions (6% and 20% oxygen). The results from
data analysis indicates same spots with different expression levels from
different replicates (6% and 20% oxygen) of 2DE gel and 12 spots were
selected from different replicates of two different conditions (Fig 4.3a, 4.3b) for
mass spectrometer analysis (MS). As a result, MS analysis (Table 1) identified
different proteins, involved in several cellular function such as,
Carboxypeptidase-related protein, ATP synthase subunit alpha, Serine-tRNA
ligase, Broad-specificity glycerol dehydrogenase, Elongation-factor G,
Transaldolase, Aconitate-hydratase, Various polyols ABC transporter,
periplasmic  substrate-binding-protein, Gamma-glutamyltranspeptidase, 6-

phospho gluconate dehydrogenase decarboxylating, Biotin carboxylase of
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acetyl-CoA carboxylase, Uroporphyrinogen decarboxylase, and UDP-N-

acetylglucosamine-1-carboxyvinyl transferase.
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Table 1. Shows identified proteins after mass spectrometry analysis. In the table are listed, for
each gel band spots (A, B,C,D from 20% 2DE replicates, and E,F,G,H from 6% 2DE
replicates), the following parameters: alphanumeric unique protein sequence identifier provided
by UniProtKB/TrEMBL protein knowledgebase; protein name, gene and protein characters with
a naming convention [Entry name] identifiers; protein identification’s SEQUEST HT Score;
percentage of protein sequence covered by identified peptides; number of matching peptide
sequences, unique to the protein; total number of identified peptide sequences (peptide
spectrum matches) (# PSMs); number of Amino Acids; proteins theoretically calculated
Molecular Weight and isoelectric point (pl).

Functional categorization of proteins was obtained from (GO) gene ontology
(Table 2), protein spots were mostly identified as being involved in cellular
respiratory function, pentose-phosphate pathway, protein biosynthesis, cellular
respiratory function, transcription etc. Generally the metabolism of
carbohydrates requires the activity of enzymes of the central carbon metabolic
network that include the glycolytic pathway, oxidative pentose phosphate (PP)
pathway and the tricarboxylic acid (TCA) cycle. These three basic pathways
provide the reduced compounds needed to fuel the electron transport chain
and catalyze adenosine triphosphate (ATP) formation via oxidative
phosphorylation. The central carbon metabolic plays an essential roles in the
cell, providing energy metabolism and precursors for many biosynthetic

reactions. One of the Aconitate hydratase is a key regulator of the TCA cycle is
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involved in cell respiration, producing NADH and FADH2 for the electron
transport chain., with eight reactions that process incoming molecules of acetyl
CoA that leave the cycle in the form of carbon dioxide. The gene ontology
analysis showed interesting putative candidates, which might be involved in the
role of endosymbiosis of Asaia SF2.1. Interestingly candidates such as 6-
phosphogluconate dehydrogenase, Transaldolase, and Aconitate hydratase
were selected. In particular, 6-phosphogluconate dehydrogenase was selected
for further confirmation, which is an important enzyme of oxidative phase of
pentose phosphate pathway (PPP) (Rauch et al., 2010 and Minic et al., 2015).
The PPP is the major pathway for the recycling of NADP+ to NADPH and for
the production of ribose-5-phosphate and erythrose-4-phosphate used in the
synthesis of nucleotides, nucleic acids and aromatic amino acids. PP pathway
also involved in the protection of cells against oxidants. According to Thompson
S.N et al., 1999, pentose pathway plays a unique role in carbohydrate oxidation
by simultaneously allocating substrate for growth and energy production. Also
PP pathway (trehalose sugar) plays the role in dietary selection and feeding
behavior, and is therefore important in regulating insect growth and
development. Interestingly, it's known that Candidatus Evansia muelleri Xc1
from Xenophyes cascus, which is the only obligate endosymbiont present in the
association and has the role in fulfilling nutritional requirements by pentose
phosphate pathway (Garcia et al., 2014). TCA cycle and respiratory machinery
which are involved in amino acids production. Evansia involved in pentose
phosphate pathway produce different metabolites, which are used as input for
other pathways and reducing power (NADPH) (Garcia et al., 2014). Evansia
also possesses a reduced TCA cycle, able to produce all necessary
metabolites, with HisC producing a bypass from oxalacetate to 2-oxoglutarate
(Garcia et al., 2014). Thus we can say that, these pathways are mainly
involved in endosymbiosis of host development. Moreover, we speculate, the
presence of 6-phosphogluconate dehydrogenase enzyme in Asaia may have
similar role in meeting the nutritional requirement by acting through pp

pathways and TCA pathways in hypoxia condition.
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Table 2. Gene ontology (GO) annotation analysis showed interesting putative candidates after

MS results
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Conclusion

Successfully optimized the spot detection parameters match and intra class
report were analysed from both conditions (6% and 20% oxygen). Protein
expressions between the two groups were analysed by statistical data analysis
and visual comparison. 12 spots were selected and picked from different
replicates (6% and 20% oxygen) of 2DE gel for further MS analysis. MS
identified different proteins from both conditions are involved in several cellular
function. Among all proteins, majority of the proteins were over expressed in
hypoxia (6% oxygen) conditions compared to the normal (20% oxygen)
condition. Overall data obtained from the comparative proteomic approach
indicate that adaptation in the hypoxia environment might affect important
sugar-related pathways (pentose phosphate pathway and TCA cycle). In
particular, 6-phosphogluconate dehydrogenase mainly involved in pentose
phosphate pathway for confirmation based on the gene ontology. A common
trait of Asaia hosts is the fact they feed on sugar-based diets, and thus we can
suggest that sugar-related metabolic pathways are particularly active in

endosymbiosis bacterium Asaia SF 2.1.
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Materials and methods

Chemicals

All reagents were purchased from Sigma-Aldrich (Milan, Italy) unless otherwise
stated. Hypergrade for LC-MS Water and Acetonitrile (ACN), and formic acid
(FA) were purchased from Merck KGaA (Darmstadt, Germany). Mass grade
Trypsin was obtained by Promega (Madison, WI, USA).

In gel trypsin digestion

Spots of interest were cut and destained twice with 50% ACN in 25 mM
ammonium bicarbonate pH 8 (NH4HCQO3). After dehydration with 100% ACN
samples were reduced with 10 mM DTT in 100 mM NH4HCO3 at 56 °C for 45
min and alkylated with 55 mM lodoacetamide in 100 mM NH4HCO3 for 30 min
in the dark at r.t.. After complete dehydration with 100% ACN, a solution of 0.01
Mg / pL Trypsin in 100 mM NH4HCO3 was added, and proteins were digested
at 37 °C for 16 h. The reaction was stopped by adding TFA at final
concentration of 0.1 %. The supernatants containing tryptic peptides were
collected along with peptide fragments extracted from gel slices with first 1 %
TFA, then 60% ACN, 0.1% TFA in water, and finally 100 % ACN. Tryptic
peptides were then lyophilized and resuspended with 40 uL of 3 % ACN, 0.1 %
FA before High-resolution Liquid Chromatography - ElectroSpray lonization-
tandem Mass spectrometry (HPLC-ESI-MS/MS) analysis.

Gel image analysis using Image Master 2D Platinum 6.0

The comparative image analysis of the protein spots from both conditions
(hypoxia and normal) were performed by using Image Master 6.0 2-D platinum
(GE Healthcare) software. The software program were useful to detect the
quantification changes in protein expression profile between same species in
different conditions. Although, visual analysis is necessary to understand the
quantitative and qualitative changes of protein. Initially, protein gels were

converted into digital data using scanner and further analysed. For proper
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evaluation using the image analysis software (Mao et al., 2010), The grey-
scale TIFF format image with adequate resolution and 16 bit intensity were
obtained using Adobe Image Ready 7.0. The image resolution is part of the
parameters that can be adapted in the imaging software. The gel image with

proteins spots were evaluated by image analysis software.

Set up and optimization of spot detection parameter

Generally, spots represent the proteins on the gel. Once gels were added
to the workspace, the spots were automatically detected by Image master
followed by image analysis. The Image analysis steps were as follows: aligning
all gel images, computing image fusion, creating match sets, propagating the
consensus spot pattern to all gel images for quantification, and verify the
statistical analysis of protein expression from matched spots of both groups.
Initially, workspace was created and all gels were imported and directly
converted into image master format (.mel). The alignment step is performed
prior to the spot detection to make sure the resulting spot boundaries identical
on all gel images. Initially very small region were focussed on the gel using
region tool to setup the spot parameter optimization and based on the setup,
the parameters were fine-tuned. Changes in one of the spot detection
parameters were immediately reflected in the selected region. Once setup the
spot detection parameters (Smooth-1, Min area-11, Saliency-3), the maximum
number of proteins were detected, while minimizing the number of artifacts
incorrectly detected as spots and especially reducing the number of undetected
proteins. This requires finding good compromise between the sensitivity and
the specificity of the spot detection algorithm. During optimizing the setup with
parameters, automatic spot detection carried out. Importantly the spot detection
procedure is initial step for matching process and expression profile extraction.
The spot detection and protein expression profiles extraction occurred in a

separated and independent step.
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Gel matching comparison with a reference gel

After spot detection was over, further created matching steps of each
groups. The match is the basic element for searching and investigating protein
expression changes across gels, through the use of reports, histograms, and
statistical methods. A match represents the relationship between corresponding
spots in different gels. Before to start with matching step, clear and round spots
were selected as land marks means that relevant information that is separated
into label categories in both groups of reference gel. Therefore best quality of
spots were completely present in reference gel as always preferable. During
matching step, all images were aligned and matched by using the common
spots present in gels as landmarks, to detect potential differentially expressed
proteins. Each group of all replicate gels were compared with reference gel and
matched together. Once matching was over from each groups, the gel
populations of one group were compared with other groups by through the use
of intra-class report in order to investigate protein expression changes across
gels. Finally, in order to pick the spots for mass spectrometer (MS) analysis,
data analysis were carried out using student t-test, where P < 0.05 was
considered as significant threshold. The selected spots were cut precisely and
placed in micro centrifuge tubes, and subjected to in-gel trypsin digestion
followed by mass spectrometer analysis for the identification of proteins with

the expression altered by the “interaction” condition

Mass spectrometry analysis

HPLC-ESI-MS/MS experiments were performed on an Dionex UltiMate
3000 RSLC nanoSystem (Thermo Fisher Scientific, Waltham, MA, USA)
directly coupled to a Orbitrap Elite Hybrid lon Trap-Orbitrap mass spectrometer
(Thermo Fisher Scientific) with ESI source. Reverse-phase chromatography
was performed on a Zorbax 300SB-C18 (3.5 pm particle diameter; column
dimension 150 x 1.0 mm) (Agilent Technologies, Santa Clara, CA, USA) a with
injection volume set to 20 uL, at a flow rate of 80 uL/min, using an aqueous
solution of 0.1% FA as eluent A and ACN/water (80:20, v/v) with 0.1 % FA as
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eluent B, and with chromatographic conditions as follows: linear gradient from 5
to 70% B in 40 min and total LC-run of 65 min. Mass spectra were collected by
the mass spectrometer (resolution of 60000) operating in positive ion mode and
data dependent scan mode in which each full mass spectrometric scan (mass
range 200-2000 m/z) was followed by data dependent fragmentation
experiments (MS/MS) of the five most abundant multiple-charged precursor
ions via collision-induced dissociation (CID). Protein identifications were
obtained with the embedded ion accounting algorithm (Sequest HT) of the
software Proteome Discoverer (version 1.4, Thermo Fisher Scientific) after
searching a UniProtKB/TrEMBL Protein Knowledgebase (release 2015 09 of
16-Sept-15; taxonomical restriction: Asaia platycodi SF2.1, 3273 sequence
entries). The search parameters were 5 ppm tolerance for precursor ions and
0.02 Da for product ions, one missed cleavage, carbamydomethylation of
cysteine as fixed modification, oxidation of methionine as variable modification,
minimum two peptides matched per protein, minimum protein score of 40, and
false discovery rate under 0.01 (i.e.: the expected fraction of incorrect peptide
spectrum match in the entire data set is less than 1%, calculated on a decoy

database).
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