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Abstract

Microbial symbionts of insects have been demonstrated to play an important role in the
nutrition and protection of thehost; these include aphids and tsets&tudies often use
antibiotics to eliminate the symbionts buthe deleterious impact of using these
antibiotics is not commonly addressedThe impact of chlortetracycline treatment on
Aedes aegyptiand Drosophila mknogaster was investigated by assessitige-span,
fecundity, development time, survival, nutrition and metabolism. The impact on

microbial numbers and diversity wassodetermined

With Drosophilatreatment with 50 pg mift and above showed a signifitaextension in
development time and lifespan, reduction in fecundity and change in nutritional content.
Microbial numbers were significantly reduced at 50 pg'mhd above. Culturable
techniques and 454 pyrosequencing, demonstrated that the microbiaérsity of
Drosophila was predominantly Acetobacter Bacterial elimination through egg
dechorionation yielded some similar results to chlortetracycline treatment. However,
fecundity and lifespan was not significantly affectedMicroarrayanalysis estaidhed a
significant reduction in the abundance dfanscripts associated with immunity,

particularly antimicrobial peptides.

With Aedes aegyptitreatment signiftantly reduced the survival and also affected the
life-spanand nutrition of the insect. Miasbial numbers of mosquito larvae were reduced
at 30 and 100 pg ritl Colonies grew on plates supplemented with 50 pg" wf
chlortetracycline, indicating that the larvae bore chlortetracycliasistant bacteria.454
pyrosequencing demonstrated éhangein diversity of bacteria found in mosquitoes-+/
chlortetracycline, switching fronklizabethkingia meningoseptida Raoultella spwith

chlortetracycline.

It is concluded that chlortetracycline significantly impacts the performance of the 2
insects through bacterial depletion, changes to bacterial diversity and toxicity.
Nevertheless different responses were observed withedes aegyptiand Drosophila
melanogaster Moreover, experiments withDrosophila usng egg dechorionation,

emphasied the toxic impact busing antibiotics to eliminate microbes in the insect host.
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Chapter 1: Introduction
The role of commensand mutualistidacteria haveecently become appreciatedithin

the scientific communitywith growing interest in the role of bacteria in humans, with
models such as mice androsophila melanogastebeing used (Mran, 2006). This
interest has also become widespread within the insechowinity with research omnts,
aphidsand disease vectors such &mopheles gambiaéMoran, 2006; Dongt al., 2009).
Why has there been an increase in interest in bacteria fountimthese organisms? In
this chapter | will outline why the relationship between bacteria and the host are

important to the host performance in vertebrates but mainly in insect hosts.

1.1 Commensal bacteria in vertebrate hosts

The main interest in comansal bacteria in humans is to determine their role in human
health and diseaseThe two groups of bacteria that are dominant in the human gut are
the Bacteroidetesand Firmicutes(Turnbaughet al., 2006) and the estimated number of

bacterial cells withirthe host outnumbers the cells of the host (Savage, 1977).

The major question isow do bacteria play a role in protecting the host against immune
disorders and pathogens? Several experiments have suggested that the bacteria protect
the host from allegies and from these resultie Hygiene Hypothesis was madé/here

it was hypothesised that the presence of bacteria during childhood could educate the
immune system and prevent the development of an eaetive immune system which
could lead to illnessesuch as asthma and hay fever (Lui and Murphy, 2003). It has also
been suggested that in children, the exposure to bacterial endotoxins could reduce the
chance of developing asthma (Lui and MurpB903; Lui, 2002). Further experiments
with bacteria havealso highlighted the role bacteria can play in the prevention of

intestinal diseases (Table 1.1).
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Table: 1.1. Bacteria found to promote health and protection against intestinal diseases

Bacteria Name Role in disease How does the bacteriurprotect? | Animal | Key
protection reference(s)

Bifidobacterium | Protection against Production of acetate Mice Fukudaet

longum Enterohaemorrhagic al, 2011
E.coli

Bifidobacterium | Improves intestinal | Reduces inflamition, regulates Rat Khailoveet

bifidum integrity and protects| the main components of the al., 2009

against enterocolitis | mucous layer and improves
intestinal integrity
Bifidobacterium | Enhances intestinal | Peptide bioactive factors from this| Mice Ewaschi et
Infantis epithelial cell barrier | bacterium retains biolgical al., 2008
function function, normalizes gut
permeability and improves the
disease colitisChanges in MAPK
and tight junction proteins

Lactobacillus Inhibits murine Ly ONB | & 30 ahddédregse | Mice, | Chenet al.,
acidiphilus Cirobacter in TNFh Z-6 anflIL-12. human | 2005
rodentum colitis Slayer Protein A of.plantarum Konstantino
NCFM regulates immature vet al, 2008
dendritic cells and T Cell function.
Lactobacillus Suppressed barrier | IL-8 secretion in Caca cells. In Mice Miyauchiet
rhamnosus impairment (Cace2 mice, increased Zolula occludehs | and al., 2009
cells) and recovered | and myosin light chain kinase. human
colon length (in mice cells
with colitis)
Lactobacillus Inhibits colits, Increased NGeVels, inhibits NF | Human | Maet al,
reuteri through anti ro GNIyaft20F G.A2]cels 2004
inflammatory activity
Lactobacillus Anti-inflammatory 5SONSIF &S Ay ¢bC|Rats Peranet al.,
fermentum effects in Colitis myeloperoxidase activity, 2007
induced rats cyclooxygenase 2 expression and

an induction of XD (Nitric oxide)
synthase and increase in SCFA
(Shortchain fatty acids).

Bacillus Increase in survival | Decrease in chemokine ligand, Mice Imet al,,
polyfermenticus | and decrease in Intercellular adhesion moleds 2009
disease severityof | YR ¢bCh o -0 andl
colitis in mice suppression of apoptosis and

promoted cell proliferation by PI3K
and Akt pathway.

Lactobacillus InhibitsE.coliisolated | Inhibits the interaction of Human | Ingrassiat
casei TNRBY [/ NB Ky adherentinvasiveE.coliwith cells al.,2005
from invading intestinal epithelial cells.
intestinal epithelial
cells.
Bifidobacterium | Improved abdominal | Not available Human | Agrawalet
lactis girth and al., 2008

gastrointestinal
transit with decrease
in IBS symptoms

Bacteroides Protects from colitis | Activity of polysaccharide A (PSA) Mice Mazmanian
fragilis induced by et al, 2008
helicobacter
hepaticus
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Faecalibacterium | A decrease in this Decrease in H12, IFN' | 1R Human | Sokolet al.,
prausnitzii bacteriumledtoa | BlocksNF . | OG A @480 A| cells 2008
higher risk of post production. and
operative mice
reocalrrence of ileal
Croh) disease.

Symbiotic bacteria havébeen suggested to play an importanble in preventing
pathogens establilEng within the host by competing with bacteria that can cause disease
(Guarnerand Malagelada, 2003) (Table: 1.1). The speBiasteroides fragilifas been
shown by Mazmaniast al (2008 to protect animals from colitis induced Ibyelicobacter
hepatias (an opportunistic pathogen) througkhe expression of Polysaccharide A (PSA).
Furthermore, a recent paper in 2011 demonstrated tB#idobacterigprotect the human

gut against the shiga toxin (produced Bgcherichizoli) by the production of acetiacid,
which has been suggested to improve intestinal defence (Fulaidal, 2011). Gut
bacteria have been shown to aid digestion by degrading nutrients such as fibre (Hooper
2009 Savage 1986). One example is the bacteriuBacteroidesthetaiotaomicron this
bacterium has a large number of genes asmec with polysaccharide utibdion
compared with other micrarganisms found within the human gut, suggesting that this
bacterium aids plant carbohydrate digestion (Hooperal., 2009 Xuet al., 2003. Gut
symbionts are weladapted at utili;ng the nutrients within the gut, howevepathogenic
bacteria tend not to be as efficient as symbiotic bacteria and therefore invade host tissue
to obtain nutrients (Hoopeet al.,, 2009 Stecheset al., 2005; Stecér et al., 2007.

The balance between the two dominant groups of bacteria in the human gut, play a key
role in diseasglLeyet al., 2005) In the Western World obesity is fast becoming an
epidemic in areas including North America and the United King@®eidell, 2000)
Research into the cause and differences between obese and lean individuals using mice as
the model organism have demonstrated the role of gut bacteria in ob€Bitynbaughet

al., 2006). A study using obese mice showed that the populatfoBacteroidetes was
reduced and the Firmicutes was increased (giegl., 2005). Firmicutes have the ability to
breakdown complex polysaccharides intractable to human digestive enzymes and make
this available as an energy source for the host @tegl., 2005). If there are excessive
amounts of this group of bacteria, more energy is made available which could potentially

be stored as fat. Furthermore, in one particular study Firmicutes were transferred to lean
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mice and a weight gain was observéayet al., 2005, Turnbauglet al., 2006). This
research doesugygest that the gut bacteriplay a role in obesity but this may not be the
major cause of obesity. Obese individuals may have a different gut microbiota due to the
diet consumed such as a hight fliet and/or may have a higher population of Firmicutes
to deal with the influx of such large amounts of certain nutrients @tegl., 2005). What

this study shows is the importance of gut bacteria, therefore what effects would happen
if they were elinnated? One obvious effect would be the loss in ability to gain calories
from indigestible food, this may be detrimental to individuals experiencing famine but not
necessarily those that have food aplenty. Furthermore, the balance of the bacterial
populations of Firmicutesand Bacteroideteds not only involved in obesity but has been
shown to be invaled in the autoimmune conditio@rohr@ disease (Soket al., 2008). A
decrease in the population ofirmicutes has been shown to be associated with
individuals who have Crot& disease (Soket al., 2008).

1.2 Role of bacterlasymbiontsn insects

1.2.1 Role of bacteria in insect nutritiamd insect performance

Many publications have concentrated on the importance of the microbes of insects on
the impact of immunity and protection,but how do these bacteria promote insect
performance and nutrition? In this section | will discuss several examples of experiments
which have shown the importance of bacteria in the performance of a wide range of

insects.

Two d the most famous examples of symbiosis are the afhudhnera aphidicoland

the tsetseWigglesworthia glossinidiateractions Aphids contain the obligate symbiont
Buchnera aphidicolavhich is found within specialised cells in the aphid known as
bacteniocytes (Buchner, 1965). If this particular symbiont is eliminated from the aphid,
the aphids have a reduction in fecundity and are significantly lemad size (Houk and
Griffiths, 198Q Mittler, 1971; Sasalet al., 199). Dietary experiments have sha that

the Buchneraprovide the aphid host with essential amino acids (Douglas, ;1988aket

al.,, 199). In tsetse fliesthe elimination of theWigglesworthia glossinidighrough the
treatment with antibiotics affected the performance of the tsetdg by reducing the

fecundity (Nogge, 1976.) This deleterious impact on the fecundity could be reversed by
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supplementing the diet with Vitamin B, suggesting that this symbiont provides the insect
host with this vitamin (Nogge and Gerreshein®82). Studés of the genome of the
insect host and bacteria also demonstrate that the symbiont provides the host with

essential nutrientsAkmanet al., 2002;Snyderet al., 2010).

Several papers have been published regarding the role of the gut microbiota inciins, |
Schistocerca gregaria One publication by Charnlest al (1985 did demonstrate that
although the elimination of bacteria in the locust does not have a major impact on the
nutrition of the insect, bacteridree insects did have a higher lipid andwer

carbohydrate concentration in the hemolymph compared watntrolinsects.

In Western Flower Thrips, the bacteriuBrwinia is obtained through feeding. The
production of aposymbiotic insects had a different performance compared eatiirol
insects(De Vrieset al., 2004). Incontrol insects, the time to maturity was significantly
shorter and had higher oviposition rates compared with aposymbiotic insects (DeeYries
al., 2004). An elimination of the gut microbiota Dénebrio molitomlso led toan impact

on the perfeamance of the insectvhere bacteriafree larvae experienced a reduction in
mass and premature pupation of more than half of the larvae (Geattal, 2006).
Furthermore, a diet effect was also observed; a combined effect of theepoes of
antibiotic (ampicillin) and saligenin (the aglycone of the plant glucoside salicin) led to
even greater reduction in larval mass, premature pupation and even mortality (@énta
al., 2006). This combination effect of the antibiotic and saligemiesdsuggest that the
gut microbes aid the digestion of secondary plant productions within this-$ysibiosis

system (Gentat al., 2006).

In termites Reticulitermes flavipgs synthesis of uric acid occurs via purimgleoside
phosphorylase and xahine dehydrogenase (Potrikuend Breznak1981). However,
these insects lack uricase, the uric acid degrading enzyme (PoarikklBreznak1981).
Symbiotic bacteria have been shown to recycle the uric acid nitrogen which has been
suggested to be impaaint in nitrogen conservation in oligonitrotrophic insects which
feed on food witha limited amount of nitrogen (Potrikugnd Breznak 1981). As

demonstrated with vertebrates, acetate production by symbiotic baatalso played a

23



role in termite guts butby providing an oxidizable engrgource (Brezriaand Switzer
1986).

1.2.2 Bacterial symbionts and insect immunity and protection

The major benefit of the presence of microbes in humans is the protection against
pathogens and the education of the immuggstem(Section: 1.1) Here | will describe
how this has also been observed in insects and the changes that occur when the microbes

are removed.

In aphids, facultative bacterial symbionts have be&mmonstratedto protect their host
from the development bthe parasitoid Aphidius erv{Oliveret al., 2003). It was initially
thought that the facultative symbionts conferred resistance to the parasitoid ovipositing
in the aphid; however experiments showed that the symbionts caused high mortality of
the parasitoid larvae (Oliveet al., 2003). This result also suggests that the facultative
symbionts protect the host from mortality to ensure the spread and persistence of the

symbiont within populations (Oliveat al., 2003).

The European Beewolf hunting weshave a symbiotic relationship with the bacterium
StreptomycegKaltenpothet al,, 2009. This bacterium has been shown in experiments
conducted by Kaltenpotlet al (2005 to enhance larval survival and protect the cocoons

from fungal infections.

One ofthe most famousendosymbiontis the Wolbachiaspecies of bacteria which infects
20% of insects (Klassenal.,, 2009 Welchmanet al., 2009. This bacterium is famous for
being a parasitic organism that manipulates the reproduction of the insect tws
promote transmission (Welchmaet al., 2009). Wolbachiainfections inDrosophilaare
maternally transmitted (mother to offspringjWerren, 1997; Hoffmaret al., 199Q.
Infected females that mate with uninfected males producdfspring however,
uninfeced females that mate with infected males produce /@i | 6t S S33a& 0
Karr, 1990; Yen and Barr, 1971; Werren, 1997; Hoffetaal, 1986). This process is
known as cytoplasmic incompatability and drives the infection quickly through the insect
popuf F GA2Y O6hQbSAf YR YINNE wmppnT eSSy, |y
1986; Turelli and Hoffman, 1991).Interestingly, this bacterium has been shown to
protect Drosophilafrom RNA viruse€osophilaC virus, Cricket paralysis virus, Norayiru
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and Flock house virus), witiVolbachia infected flies having greater survival when
infected with RNA viruses compared with flies withdMblbachia(Hedgeset al., 2008;
Teixiera., 2008).

In Aedes aegyptisubstantial progress has been made to infect thm®squito with
Wolbachia a bacterium not found naturally iAedes aegypti Aedes aegyptinosquitoes
have been infected experimentally with dWachig resultingin infected mosquitoes
having ashorter lifespan when compared with uninfected individuéidcMenimanet al.,
2009). This introduction of the virulent form Wolbachiainto the mosquito population
could prove successful as cytoplasmic incompatability will ensure spread within the
population and the lifespan shortening wilprevent the maturation of the dengue virus in

the mosquito vector, preventing spread to humans (McMenimanh al, 2009).
Furthermore,Wolbachiainfection has the potential to inhibit replication of the dengue

virus through the stimulation of the immune system of the inse@if@t al., 2010).

Not only have introduced bacteria proven to provide a strategy for controlling pathogen
transmission but the endogenous gut microbes witAledes aegyptihas been proven to
have effects on the dengue virus @€fial., 2008). Experimentssing aseptic and control
mosquitoes demonstrated twtimes greater viral titre in aseptic mosquitoes in
comparison with control mosquitoes (¥i al., 2008). The process of reducing the viral
titre was via the stimulation of the insect immune systemhetthan a direct effect on
the virus (Xet al., 2008).

In the malaria vectoAnopheles studies have alsemphasized the role of gut bacteria
with pathogen transmission. Dorej al (2009) revealed that the gut microbes had an
anti-plasmodium effect bytsnulating the insect immune system atidat the removal of

the bacteria resulted in an increase in parasite humbers within the insect. Specifically,
gram negative bacteria inhibit the sporogossitage of the development dPlasmodium
falciparum and redue oocyst densitiefPumpuniet al, 1993; Pumpunet al., 1996

GonzalexCeronet al.,2003).
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1.3 Impact of tetracycline on microbes in insects

Antibiotics are commonly used to eliminate endosymbionts and symbionts found in
insects to determine the impd of these bacteria on the insect hog¢Table: 1.2)
However, many have not considered the deleterious effects of using such antibiotics on
the insect performance, therefore creating a result which is the impact of the antibiotic

and not the result of tk depletionof bacteria.

One antibiotic which has commonly been used to elimirthie symbionts is tetracycline

with varying concentrations and in a wide range of insects (Table: 1.2). Tetracycline
(Figure: 1.1) kills bacteria by inhibiting protein syrgis¢Chopra and Robert2001; Speer

et al, 1992; Goldmaet al., 1983. Specifically, it prevents the attachment of aminoacyl
tRNA to the ribosomal aeptor site (Chopra and Robert2001). This antibiotic targets
both Grampositive and Grammegatve bacteria (Chopra and Roberts2001).
Mitochondrial ribosomes are very similar to those found in bacteria (Alkedred., 2002,
p769828). Therefore, at high dosage tetracycline may target the mitochondrial

ribosomes found in animal cells.

Chlortdracycline Tetracycline

Figure: 1.1. Structure of chlortetracycline and tetracycline. The difference between the
2 molecules is the extra Cl group found on chlortetracycline. Image taken f@impra

and Roberts 2002).

This antibatic is commonly used to eliminate the bacterium/olbachiafrom several
insects including\edes albopictyrosophila melanogastend Drosophila simulanand

is commonly used as a repressor molecule for expression systems used in insects as
method of controlling the insect population (Table: 1.2)Furthermore, only a small
number of papers have identified the impacts of tetracycline on the insect performance.

Thompsormand Sikorowskil984) investigated the effects détracycline hydrochloride on
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the performance of Heliothis virescenslarvae. During this study tetracycline
hydrochloride reduced the larval weight, fatty acid and glycogen content of the insect
with increasing antibiotic treatment of 0.63.4 mg per 100 g of diet (Thompsamd
Sikorowsk 1984). The protein content of the insects showed a linear decrease with
increasing antibiotic concentratiomompsonand Sikorowski1l984. Larval feeding was
also found to be lower at 3 hours of feeding with increasing concentration of
chlortetracydine, but there was no difference after 24 houihompsonand Sikorowski
1989

Table: 1.2. tudies conducted using tetracycline, chlortetracycline and tetracycline

hydrochloride with different species of isects.

Insect Name Antibiotic Concentration Rekrence
Aedes albopictus Tetracycline 0.33 mg mt Kambhampatet al., 1993
Aedes aegypti Tetracycline/Chlortetracycling 30 ug mt Phucet al.,2007
Drosophila simulans | Tetracycline hydrochloride | 0.250mg ml* hQbSAf [1930R

Tetracycline 0.3 mg mf Ballard and Melvin, 2007
Drosophila Tetracycline 250 ug il Mair et al., 2005
melanogaster

0.1-20 pg mt" Thomaset al., 2000
Thermobia domestica | Tetracycline 100-1000 g mit Treves and Martin, 1994
Sitophilus oryzae Tetracycline 1 mg per g oflour | Heddiet al., 1999
Ostrinia scapulalis Tetracycline 0.06600 mg kg Kageyamat al., 2003
and 2.4 mg mt

Anticarsia gemmatalis| Tetracycline 32.2575.27 ug mt | Visottoet al., 2009
Cadra cautella Tetracycline 400 ug il Sasaket al., 2002
Ephestia keuhniella Tetracycline 400 ug il Sasaket al., 2002
Glossina morsitans Tetracycline 25 ug mr Dale and Welburn, 2001
morsitans
Ostrinia furnacalis Tetracycline hydrochloride | 0.6 mg d Kageyamat al., 1998
Myzus persicae Chlortetracycline 10-1000 ug mf Douglas, 1988
Acyrthosiphon pisum | Chlortetracycline 50 pg mi Prosser and Dougla$991
Sitophilus oryzae Chlortetracycline 100500 pg mf Baker and Luml973

1.4 Antibiotic resistance

The widespread use of chlortetracycline has mehat tetracycline resistant bacteria are
readily found in the environment and within animal&Kuimmereret al, 2004. This
resistance in bacteria is mainly due to the ouse of this antibiotic to treat illnesses in
humans and livestock, where these dnititics are released nemetabolised in sewage
and subsequently found in aquatic environmersiinmereret al.,, 2004). Antibiotics are
also widely used to treat fruit, bekeeping and fish farming, therefore it is not surprising

that the residues of antilotics are readily found in waste especially sewage waste with
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E.coli being most resistant to the antibiotic, tetracyclin&Kiimmerer et al., 2004;
Reinthaleret al., 2003).  Furthermore, an experiment conducted by Nygagaadi(1992)
hasdemonstrated hat the addition of oxytetracycline to sediments tripled the number of
bacteria found tobe resistant to the antibiotic. Thgovides evidence that the addition
of these antibioticsinto the environmentresults in the development of antibiotic

resistance

Tetracycline resistance can be developed using three different methods (Figure: 1.2): 1)
preventing access of tetracycline to the ribosome thus preventing attachment and protein
synthesis inhibition 2) altering the ribosome structure preventing tetrllgdinding and

3) producing tetracyclingnactivating enzyme&Speeret al., 1992; Salyerst al., 1990)

RIBOSOME PROTECTION TETRACYGLINE MODIFICATION

Figure: 1.2. The impact of tetracycline on tetracyclisensitive cells and mechanisms of
resistance. A) The binding of tetracycline to the rdmme preventing protein synthesis.
B) A resistance method, a cytoplasmic protein pumping tetracycline out of the cell,
preventing the accumulation of high concentrations of tetracycline within the cell. C)
The presence of a cytoplasmic protein that hasethbility to protect the ribosome from
tetracycline binding. D) An enzyme is produced by the bacterium which has thetgbili
to modify and inactivatetetracycline. (Speert al., 1992 Salyerset al., 1990. Image

taken from Speeet al (1992 and Salyerset al (1990).
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1.5 RIDL® sterile insect technigu€ontrolling insect pests

One technique used to control insect pssis the RIDL® technique, which uses
tetracycline to control the genetic expression system. Here | will describe the technique

and the ingcts used with the technique.

The traditional sterile insect technique (SIT) controtect pests through the sterifiion

of males by ionizing radiation resulting in chromosomal fragmentation (Horn and
Wimmer, 2003). This ionization can have a negatiyeact on sperm viability (Horn and
Wimmer, 2003; Mayeet al,, 1998). SIT is effective with insects that mate synchronously
and in isolated locations without immigration of untreated insects, e.g. giend of
Zanzibar where the td¢se fly was eradicatd in 1997 (Vreyseet al., 200Q. There can be
problems with SIT. The first is that the irradiated males suffer a general malaise and do
not mate readily with the wild female@Horn and Wimmer, 2003) The second is that if

the sexing of the insects igefficient, females are releasegbtentially increasing the pest

load in the environment.

RIDL® sterile insect technique (Release of insects with dominant lethal gene) can improve
SIT in two ways: to eliminate females from the release population iftéfwacycline
repressible expression system is femapeecific and secondly, sterdisnale insects if the
tetracyclinerepressible expression system is specific to early development resulting in
the death of progeny (Alphey, 2002). Therefore, when tetchiog is removed from the

diets, female insects die and only males remg@hiphey, 2002) RIDL®@nalesthat are
released into the wild, mate with wild females apdoduce offspring that die during
development (Phuet al., 2007 Alphey, 2002Thomaset al., 2000.

The RIDL® technique is used with insects including Mealitean fruit flyand Aedes
aegypti (Gonget al., 2005;Phucet al., 2007) Aedesaegyptiis the vector for Dengue
fever, a major disease burden with 2.5 billion people at risk worldwide.
(http:/mww.who.int/mediacentre/factsheets/fs117/en/). The only control methods
currently available are; the removal of oviposition sites and the use of insecticides
(fenitrothion, malathion, deltamdtrin, tetramethrin, permethrin (used in thermal
fogging) Paepornet al,, 2004) and DDTd{chloradiphenytrichloroethane)(Inwanget al.,

1967). However, the unrestricted use of thesesecticide has enabled the mosquito to
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develop resistance (Gilked al., 1956; Porteret al., 1961; Sauteet al., 1958; Inwag et
al., 1967, Paepornret al., 20094. Therefore, with no vaccines and emerging resistance to
insecticides,Aedes aegyptappears to be good candidate for the use of the RIDL®

technique.

An example of the RIBLsystem withAedes aegyptis LA513a lateacting dominant

lethal genetic system which causes the death of both male and female mosquitoes at L4
pupal stage (Phuet al, 2007,Figure: 13). Released_A513Amales into the wild mate

with wild females and any offspring produced will die at-pdpae sage. The elease of
enough males over a long enough period of time will result in population reduction. The
expression system of tTAV is tetracycline repressible; therefore the RIDL insects are
reared in water supplemented with tetracycline. Oxitetd currently rear LA513A in
water supplemented with 30 pg flof chlortetracycline to suppress the expression of

tTav (Figurel.3).

drosomycin 3' UTR  tetO, fs(1)K10 3' UTR

Act5C promoter hsp70
piggyBac 3' sRed2 tTAV p:ggyBacS

 — |

A

pcsmve feedback
lethal system

fluorescent marker

(©)
Figure: 1.3 (&) The structure of he LA513 gene inserted inté\edes aegypti LA513 uses a nen
autonomous piggyBacbased transposon system to integrate the RIDL system. Transgenic mosquitoes
are identified by red fluorescence (DsRed2) expression driven by Actin5C which gives an allpmtgr s

red fluorescence (c). tTAV is a tetracyclirepressible transcriptional activator that binds to tetO. In
LA513A in the absence of tetracycline small amounts of tTAV expressed from the minimal hsp70
promoter bind to the tetO sites and enhance exprasn of more tTAV, this forms a positive feedback
loop that produces large amounts of tTAV that builds umd eventually damages the cell.In the
presence of tetracycline, the tTAV binds to tetracycline making it unable to bind to tetO, this prevents the
positive feedback loop and the buildip of tTAV. Aedes aegyptlarvae reared with no tetracycline under
normal light (b) and the same larvae (c) viewed using the filters for red fluorescence (excitatiorF5500

emission 590LP), both larvae show the expsion of DsRed (Phwet al., 2007).
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An example ofRIDI® femalespecific lethality is OX8d, a repressible female specific
flightless phenotype (Fet al.,2010 Figure: 1.4, This concept was based on the fermale
specific indirect flight muscle Actin4y which the promoter for this gene was usedsex
specificallycontrol the expression of tTAfFuet al.,2010) The expression of tTAV in the
absence of tetracycline resultad a flightless pheotype in female mosquitoes (Fat al.,
2010)

A Sex-specific intron tRE VP16

| £ | \| |/ »
tTAV o AeAct4 promoter / \

£ 1kb 5 and 5’ UTR DsRed2 Hr5IE1

Figure:1.4. Structure of the insertion of OX3604 intAedes aegypti. Transgenic mosquitoes are
identified by red fluorescence (DsRed2) expression drivenHRR5IEL tTAV is a tetracycline
repressible transcriptional activatowhich is used as the effector moleculguet al., 2010) In
the absence of tetracyclin€TAVis expressed from theAeAct4promoter, bindsto the tetO sites
(found within tRE)and enhance expression of more tTAY¥uet al., 2010) In the presence of
tetracycline, the tTAV binds to tetracyclinmaking it unable to bind to tetO, this prevents the
positive feedback loop and the buildp of tTAV(Phucet al., 2007;Fuet al., 2010) Image taken
from Fuet al (2010).

The potential problem with RIDRis the possibility that the tetracycline (3000 (g mi*)
used to repress the lethal genes might also eliminate symbiotic bacteria, resulting in
reduced insect vigour (and hence mating success) and increased susceptibility to

pathogens in the field.

1.6 Bacteria irDrosophila melanogaster and Aedes getggnd the role in
insect performance

The RIDL® technique was first developed uBirasophila melanogastdiThomaset al.,
2000) and is used for controlling one major peAtedes aegypt(Phucet al, 2007).
Therefore, | will discuss the bacterial disi#y in Drosophilamelanogasterand Aedes

aegyptiand the implications of removing bacteria on the insect host.
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1.6.1 Bacterial diversity iDrosophila melanogaster

One particular investigation into the diversity of bacteria in natural populations of
Drasophila melanogastedetected members of the phylRroteobacteria, Bacteroidetes
and FirmicutegCorbyHarriset al.,, 2007). In laboratoriprosophilastrain OregorR), Ren

et al (2007) discovered both cultured bacteria and nenlturable bacteria (Tablet.3).
The bacteria found within lab strains @frosophila melanogastewere predominantly

Lactobacillusnd Acetobacter(Renet al.,2007).

Acetobacterare well adapted in sugar and ethanol rich environme@mofti et al., 2010).
This genus of bacter hasbeen found withinDrosophilaand on the exterior of the fly
showing the ability to withstand different condition®kén et al, 2007) (Table 1.3).
Lactobacillugs lactic acid producing bacterium which was also found on the interior and
exterior of the fly by Renet al (2007). Both of these bacterial species were again
identified by CorbyHarriset al (2007).

Table 1.3: Bacterial species identified Drosophila melanogaste(Renet al., 2007)

Area of fly Cultured Species Identified by PCR

Fly Sdface Acetobacter aceti Lactobacillus homohiochii
Acetobacter tropicalis Acetobacter aceti
Acetobacter pasteurianus Lactobacillus fructivorans

Lactobacillus plantarum

Fly Interior Acetobacter pasteurianus Acetobacter tropicalis
Lactobacillus sp R2 Lactobacillus brevis
Acetobacter aceti Lactobacillus plantarum
Lactobacillus plantarum Acetobacter pasteurianus

Clidosporium sphaerospermun Acetobacter aceti

1.6.2 Role of commensal bacterialnosophila melanogaster

The two main methods of ehinating bacteria from Drosophila are: egg
dechorionation/washing eggs with alcohol and rearing the insects in a sterile

environment and the second method is to treat the insects with antibiotics.

As a model organism for humans, there is increasing istdrethe interactions between
Drosophila melanogastend its resident microbiota, which have been found to enhance
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life-span (Brummegt al., 2004) (Table: 1.4). In the experiment conducted by Bruremel

al (2004, three different antibiotics (ampicilln, tetracycline and rifamycin)wvere
administered to the flieso remove the bacteria (Brummet al., 2004). The presence of
bacteria inDrosophilamelanogasterenhanced lifespan during the first week of adult life

but could have the potential to redeclife-span later in adulthood (Brummet al., 2004)
(Table: 1.4) An early tudy conducted by Bakul1969 identified how Drosophila
melanogasterbecome infected with the bacterial symbionts and how the elimination of
this infection route affects the grformance of the fly. In this study, it was demonstrated
that Drosophilamelanogastergain the symbionts through the larvae consuming the egg
chorion which contains the bacteria (Bakula, 1969). Axenic flies were created by washing
the eggs with Whit@& solution (1.8 mM Hggl 0.1 M NacCl in 0.05 N HCI solution) to
surface sterilise the eggs, the resulting flies had an extended development time compared
with control flies (Bakula, 1969) (Table 1.4). Recent experiments Hantker
demonstrated the roleof microbesin Drosophila melanogaste the removal of the
symbionts hrough antbiotic treatment abolisheanating preferencgSharonret al., 2010)
(Table: 1.4) Reintroduction of these bacterigymbionts through injectiorpreserved

mating preferences ithe flies (Sharomt al., 2010).

Table: 1.4. The impacts of bacteridépletionin Drosophila melanogaster

Performance Parameter Result Reference

Development time Extension Bakula 1969

Life-span Reduction Brummelet al., 2004
No effect Renet al., 2007

Immune response Decrease in Ardinicrobial Renet al., 2007
peptides (AMPSs)

Mating Abolishes mating preferences Sharoret al., 2010

One major factor that is involved in the establishment of bacteria is the diet consumed by
the organism. As nutiion plays an important role in survival, reproduction and fitness of
Drosophila melanogastethis would also suggest a link between the diet, bacteria and
performance of organisms. Therefore, bacteria could actually promote the performance
of insects onsuboptimal diets and a different response could also be observed with

axenic flies reared on different diets.
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Studies have been conducted which have highlighted the effects of nutrition on
Drosophila melanogaster. Calorie restriction has been shown tociease lifespan,
reduce reproduction and increase fat content (Pigral, 2005). This supports the
theory that at times of plentyDrosophilainvestment of energy intaeproduction is
prioritised andduring periods of low food availabilitgnergy isnvested into preservation
and survival (Shanley and Kirkwood, 2000; Pigerl., 2005). However, one paper
suggested that the proteircarbohydrate ratio within the diet played an importarttie in
extending lifespan ofDrosophila melanogasteather than the dilution of diets (calorie
restriction) (Leeet al., 2008). A high protein diet with low carbalmgte contentreduced
life-span, suggesting that protein at high levels can be tar adiet consisting ofL:2

and 1:1.6 proteinto-carbohydrate raib was shown to optimize egg laying rate and-life
span respectivelyLeeet al., 2008). This result was also supported by a paper published
in 2009 by Jat al where it was suggested that providing water with the diet abolishes the

life-span extension ith dietary restricted media.

1.6.3 Bacterial diversity in mosquitoes

Investigations into the bacterial diversity of mosquitoes have mainly focused on the
mosquito, Anopheles gambia¢o identify the potential use of commensal bacteria in
controlling the ector of malaria. Bacteria identified iAnophelesgambiae included
Enterobacter asburige Microbacterium sp., Sphingomonassp., Serratia sp. and
Chryseobacterium meningosepticonget al., 2009) Another paper where bacterial
species were identifiedn Aedes triseriatus, Culex pipieasd Psorophora columbiae
discovered there was a huge increase in bacterial numbers in the midgut between larval
and pupal stage and also in adults after bldedding (Demaicet al., 1996). The most
common bacterial spges identified were Serratia marcescens, Klebsiella ozanae

Enterobacter agglomerarend Pseudomonas aeruginogBemaioet al., 1996).

Little is known about the importance of the bacterial species preseAtites aegypnd
their role in insect performace. One paper had described how femaledes aegypti
preferred to oviposit in water that had bacteria present and that these manganisms
produced ovipositiorstimulating kairomones (Ponnusaney al., 2008). An early paper
also supported this, with ep hatching being greater in water with bacteria when

compared with sterile water (Rozeboom, 1934).
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Within Aedes aegyptithe bacterial diversity has been identified in gut diverticulum
through 16S rRNA gene analysis, this includadillus cereus, Bacd subtilis and Serratia
sp(Gusmécet al., 2007). Th&erratiaspecies identified by Gusm&o al (2007) had been
suggested to play an important role in the metabolism of sugars; therefore it would be
interesting to discover if bacteriadepletion reduces the ability of the mequito to
metabolie sugars. Culturedependent and culturendependenttechniques identified

the generaAsaia, Bacillus, Enterobacter, Klebsigltad Serratiato be dominantin the
mid-gut of Aedes aegypt{Gusn&o et al., 201Q. The number of CFUs (colony forming
units) increased from 210 colonies to 2.3 X affer 67 hours of being blooted (Gusrdo

et al., 2010)indicatingthe role of these bacteria in metabolism of a bleozkal.

1.6.4 Role of commensal bacteriaArdes aegyip

As with Drosophila melanogastefew experiments have been conducted withedes
aegyptiand the cost of removing commensal bacteria from the host. ledrgg (1972
conducted experiments which showed no alteration in growth rates, survival and protein
content but did observe a change in képan lipid and weight. &searchin this areahas
mainly concentrated on the role of bacteritn dengue virus transmission which is

described in Section: 1.2.2.

1.7 Thesis Objectives

To determine the deleteriougmpact of usingchlortetracycline to depletéacteria and
during the RIDL® techniqu®,insect systems were assess&itpsophila melanogaster
and Aedes aegyptiDrosophila melanogastewas chosen as an ideal system due to the
low cost, low bacterial diveity and the ability to use egg dechorionation as an
alternative method to deplete bacteria. RIDE®sed withAedes aegyptandwas chosen

to address the impact of chlortetracycline on an insect system which is used fa& RIDL
Lastly, to gain a greatarnderstanding of the creation of transgenic insects, a female
specific marker foAedes aegyptivas proposed to provide a method of genetically sexing

the insects during mas®aring.
The three major objectives were:

1. The impact of chlorteacycline onDrosophila melanogasteand Aedes aegypti
(Chapter 3 and 5)
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. The impact of thedepletion of bacteriavia egg dechorionatioron Drosophila
melanogastel(Chapter3 and4).

. The production of a femalspecific marker iedes aegypftior sex sorting during

massrearing(Appendix:7.6).
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Chapter 2: Material and Mthods

2.1 Materials

Unless otherwise stated, chemicals and reagents were supplied by the following
companies: Sigma Aldrich® U.K and U.S.A (organic compounds, enzymatic assay kits); Bi
Rad LaboratoriesqRFPCRreagents and protein quantification assay); Fisher (organic
O2YLIRdzy RAVT LY@GAUGNRISYun ot/ w NBFISyhaovo

2.2 Insect Culture and maintenance

2.2.1 Drosophilanelanogasterearing and maintenance

Five strains ofDrosophila melanogastewere used: OregonRS (Bloomington Stock
Centre; Dec 2007), Oregd®C (Bloomington Stock Centre; Dec 2007), Oréfsh
(Bloomington Stock Centre; Dec 2007), Isogenic (provided by Sean Sweeney, University o
York, UK; Dec 2007) and Can®rfprovided by Maaina Wolfner Laboratory Department

of Molecular Biology and Genetics, Cornell University, Ithaca NY; September 2009).

Drosophilawvere transferred to fresh diet at least once a week and reared at 25 °C, with a

12 hour light/dark cycle.

In preliminary expements, the performance of the strains was investigated on 5
different diets: Semdefined medium; Cormeal, dextrose and yeast medium; General
media; Reret al (2007) medium; University of York medium (Table: 2.0Of these, the
University of York diet glded the most reliable performance, therefore stock flies and
experiments were conducted using this diet. The glucose to yeast ratio in the University

of York diet was 2:1.

For all experimentdhe diet was autoclaved and upon cooling to 50 °C, mixeth wi
antifungal agents (Nipagin M and CBZ) and chlortetracycline-3200pg mif final

concentration, prior to transfer to autoclaved vials.
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Table: 2.1: Components drosophiladiets

Cornmeal 90.9 97.14 50
(Tesco
Supermarkel

Sucrose 30
Dextrose 147.4 85.71 105
Glucose 60 92 80 20
(Fisher
Scientific,
Sigma)
Yeast 80 17.14 26 46 80 20
(Genesee
Scientific,
Sigma)
Yeast Extract | 20
¢ yeast cell
contents
(Oxoid)
Peptone 20
Agar(No.3) 10 5 10.28 7.5 13.79 10.685 10.685
(Genesee
Scientific)
Magnesium | 0.5
sulphate
Calcium 0.5 0.46
Chloride
Ferrous 0.46
sulphate
Manganous 0.46
chloride
Sodium 0.46
chloride
Potassium 7.35
sodium
tartrate
Tegsept 8.5
Nipagin M * | 10 ml 16.23 ml 28.6 ml 7.35 ml
CBz * 27.57
Benzyl 22.73
benzoate in
ethanol
Propionic acid| 6 ml 1.9 ml 3.42ml | 3.42ml
Phosphoric 0.34ml | 0.34ml
acid
*Stodk solutions of Carbendazim (CBZ) and Nipagin M were made up of 200amg) 100 g1 respectively,

27.57 ml of CBZ and 7.35 ml of Nipagin M were added to 1 litre of medium.
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2.2.2Aedes aegyptiearing and maintenance

AsianAedes aegyptiisolated fromKuala Lumpar, Malaysia in 197#9gs were hatched
under a vacuum for 260 minutes in distilled water and reared at 28 °C with86806
humidity. Larvae were fed with TetraMin tropical fish food (Aquatics Warehouse, UK).
Emerging pupae were picked dailyingg a 3ml plastic Pasteur pipette (Scientific Lab
Supplies) into a small sized weigh boat (7 ml; Fisher Scientific, UK) and placed into a cag
(15cm x 15 cm x 15 cm) (Talking Plastics Fabs, UK). Adult mosquitoes were fed or
defibrinated horse blood (TCSoBciences, UK) in Hemotek® membrane feeding system
(Discovery Workshop, UK) for egg laying sedidaily with 10% sugaféte and Lyle, UK

water plus14 U mI™* Penicillin andl4 pg mit streptomycinand filtered through 0.22 puM

bottle top filters(Cornng Inc, U.S.A and VWR,)UK

2.3 Insect Performance Experiments

2.3.1 Performance ddrosophila melanogastédregonRS

Adult females oDrosophilawere allowed to oviposit orthe University ofYork medium
(Table: 2.1) over 24 hours. The eggs were cateend transferred to the test diets
under sterile conditions using a fine paintbrush. The experiment comprigetiO

replicate vials with 10 eggsn 0, 1, 10, 50, 100, 300, 500 pgndf chlortetracycline

supplemented diet

The time to the emergencefopupae and flies were recorded. Ondhe flies had
emerged, they were collected, sexed, placed in liquid nitrogen and store&8D&C prior

to subsequent analysis.

In a supplementary experiment, the performance was assayed on diets with different
agarconcentrations ranging from 0.9% to 2.5%. The time to the emergence of pupae and

flies were recorded.
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2.3.2 Performance ddrosophila melanogastétantonS

2.3.2.1 Development time and survival experiment with chlortetracycline and
dechorionation on tle high and low nutrient diets.

Adult femaleDrosophilawere allowed to oviposit over 24 hours. The eggs were collected
and transferred to the test diets under sterile conditions using a fine paintbrush. The
experiment comprised of 12 replicate vials with eggs with 0, 1, 10, 50, 100, 300, 500 ug
mi? of chlortetracycline on the low and high nutrient diet (Table: 2.1). One extra
GNBFGYSYld aGaRSOK2NA2YylI GA2YyEé ¢l a O2yRdzO0SR
Egg dechorionation was conducted by wasghin sterile water twice, treating with 10%
bleach for 5 minutes and rinsing with sterile water 3 times. The time to the emergence of

pupae and flies were recorded.

2.3.2.2 Performance experiments with chlortetracycline and dechorionation on the York
diet

Experiments were conducted using glass vials with lids or Falcon tubes, both methods of
rearing created consistent results. Adult females were allowed to oviposit on the York
diet over 24 hours. The eggs were collected and transferred to treatmerdsr sterile
O2yRAGAZ2Yya®d ¢tKS SELISNAYSYyid O2YLINRASR 27
diet with 0, 50, 300 pg i ¥ OKf 2 NI SG NI Oe Ot AyS | yR mp =
on the diet with 0, 50, 300ug mi* of chlortetracycline. Thereated eggs were
dechorionated by washing in sterile water twice, treating with 10% bleach for 5 minutes

and rinsing with sterile water 3 times.

The development and emergence of pupae and flies were recorded. Once the flies had
emerged they were transfred to fresh diet and allowed to mate for 42 hours before
being sexed. After mating, male flies were used to determinesp&n and females were

used for bacterial counts and quantification of fecundity.

Ten mated males were placed individually ikee same treatment as for rearing (see
above). Fresh diet was provided every 3/4 days and every vial was monitored daily until
the fly died.
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Ten mated females were randomly selected for fecundity experiments, individual females
were placed individuallynitubes (Corning Inc), with each diet within the lid to allow for
egg laying and feeding (Figure: 2.1). Tubes were placed upside down, lids with fresh diet

were replaced and eggs were counted daily for 7 days.

a. b.

@ <«———Femalefly

Figure 2.1: Diagram of the fecundity experiment: a) a female in the Falcon tube and b)

eggs laid on the food in the lid of the tube.

In a supplementary experiment, egg hatching rates were assayed on di¢tsOw8O,
300ug mi of chlortetracycline. A further egg hatching experiment was conducted with
dechorionatedand control eggs where the diet was supplementéat both treatments
with amaranth dyg300 ug mif) to aid the identificatiorof dechorionated egs which had
hatched.

2.3.3 Performance experiments éwedes aegypti

Cages of male and female mosquitoes were blood fed and eggs were collected four days
later. Approximately 500 eggs were hatched in a vacuum for one hour in 300 ml at 0, 0.1,
0.5, 1.0, 10 30, 100 pg mi of chlortetracycline hydrochloride (BioGene, UK) water.
Hatched eggs were left overnight. The following day, 7 replicates of 300 larvae were
transferred into 500 ml plastic pots (Scientific and Medical Products Ltd, UK) with 150 ml
of each concentration of chlortetracycline, fed according to Tabl2 and maintained at

28 °C with 80% humidity. The time to pupation and the number of male and female

pupae were recorded. Pupae were transferred to small plastic cages (15cm x 15 cm x 15
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cm) (Talking Plastics Fabs, UK) and each day the number of emerged adults were

recorded, collected and stored é80 °C or used for lifspan studies as below.

Five replicates of 30 male and female pupae were placed separately into cages (Scientific
and Medcal Products Ltd, UK). The mosquitoes were fed withuthZiltered 10% sugar
(Tate and Lyle, UK) supplemented with 0, 0.1, 0.5, 1.0, 10, 30, 100 ‘hgofml

chlortetracycline. Lifespan was monitored and fed daily for 50 days.

The effects of chlortetraycline treatment on Mexicakedes aegypt{LauraHarrington,
Cornell University, Ithaca, NWas tested as above, except that 6 replicates of 150 larvae
were used and lifespan was monitored on 6 replicates of 20 male and female mosquitoes
until all were dead, Tetramin Fish Food was obtained from Walmart and sugar from
Wegman, Ihaca, NY. MexicaAedes aegyptoriginated from the Tapachula ared4°

np Qb X d¢and hadobgeih thecolony since 2006, the strain waugmented yearly

with wild mosquitoedrom the collecion site

The response of transgenic AsiArdes aegyptio 0-30 pg mi* of chlortetracycline was
also tested as above except that 6 replicates of 150 larvae were conducted asgdife
was monitored on 6 replicates of 20 male and feenalosquitoes until all were deaahd

fed with 10% sugar water only.

Table: 2.2. Feeding regime for Asian and Mexicdedes aegyptifed on tropical fish

food (Tetramin)(Determined by Irka Bargielowski)

Day Food (ug)
per larva

30
40
80
160
320
320
320

O NOOAR|WIN P
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2.4 Microbial Culture

2.4.1 Culturing microbes iDrosophilanelanogaster

To determine the effect of chlortetracycline on culturable bacteria flOregonrRS three
larvae grown on each concentration of chlortetracyclines(D pg nii*) were sampled,
surface sterilisd with 70% ethanol and homogeeis in 0.5 ml of 1)sterile phosphate
buffer saline solution (pH 7.4). A sample of the homogenate (0.1 ml) was plated onto
nutrient agar (Oxoict 28 g 1) and plates were incubated for days at 37 °C when the

number of colonies was recorded.

To check for culturable bacteria @antorSculture medium derived from déwrionated

eggs (Section 2.3.2,Zood was sampled on Day 14 (after most of adults had emerged)
and plated onto nutrient agr plates. These plates were grown at 25 °C for 7 days and
growth was monitored on Day 1, 3 and 7. Bacterial counts on females were conducted on
7-10 day old flies. Five female flies were randomly selected from each treatment and
individually homgenied in 250ul of sterile1X phosphate buffer saline solution (pH 7.4)
using a small pestle until pieces of tissue were no longer visible ¢Reh, 2007).
Samples (100 pl) of the homogenate at X 1, X 1/10, X 1/100 and X1/1000 dilutions were
plated onto nurient agar plates(Oxoid ¢ 28gl') with +/- 50 pg mi chlortetracycline
(shown to eliminatechlortetracycline sensitivee.colicells)using sterile techniques. The

homogenate from flies derived from dechorionated eggs were not diluted.

2.4.2 Culturing ncrobes inAedes aegypti

To determine whether the treatment of mosquitoes with 0 to 100 pg™ miof
chlortetracycline had an effect on the culturable bacteria found in mosquitoes, mosquito
larvae were grown on each concentration of chlortetracyclinel@ pg mi') and
sampled on Day 7. ThrearVae were then surface steriéid with 70% ethanol,
homogenigd in 0.5 ml ofsterile 1X phosphate buffer saline solution (pH 7.4) and 0.1 ml
of the homogenate was plated nutrient agar (Oxqié8 g 1) plates withand without 50

ng mi* chlortetracycline for the identification afhlortetracycline resistant bacteria. The
agar plates were incubated for 7 days at2&8 °C (temperature used fdkedes aegypti

culture) and the number of colonies was recorded.
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Five (Asan) and six (Mexicangolonies from each plate were picked at random to
inoculate 5 ml nutrient broth and placed in a shaking incubator at-28°Covernight.

DNA was extracted from 1 ml samples in Section 2.8.1
2.5 Nutrition Assays

2.5.1 Wing lengthrad area measurements

Due to experimental constraints the weight of the insect could not be measured in some
experiments therefore, the size of the insects was estimated from wing length
(mosquitoes) or arealrosophila) Drosophilawing area was chosen as suitable
measure of size according to Shingletimal., 2005 and wing length (from wing notch to
tip, Nascil990 was measured as a measure izesfor mosquitoegFigure: 2.3). Wings of
mosquitoes androsophilawere removed using scissors and forcepsl placed onto a
glass slide. The wings were either digitalsanned (Canon LIDE 200 colour image
scanner)or photographed using the Olymp&ZX9 stereomicroscope. Wing length and
wing area was measured using Imagetipf//rsbweb.nih.gov/ij/) or using a leafrea

measurement machine @GOR Portable area meter modek3000A) (Figure: 2.2).

an

Figure: 2.2. a) Mosquito wing length from wing notch to wing tip excluding hairs and b)

Drosophilawing area meastements indicated with the dashed lines.
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Figure 2.3: 1Wing length and weight measurements were made with 20 males (a) and
females (b) Aedes aegypti The linear regression of the weight and wing length was
calculated Regression significantly departed from zero in maleg {& 4.965, p<0.05)
and females (F 17 = 31.912, p<0.001). These results suggest that wing length is a
suitable measure of size. 2) Wing area measurements were made with 20 male (a) and
female () Drosophila The linear regression of the weight and wing area was measured.
Regression significantly departed from zero in males, (= 17.408, p<0.01) and
females (fr 16=8.448 p<0.05).

2.5.2Tissue Preparation

IndividualDrosophilaand mosquitos were homogenisd in 80 pl and 60 pl of extraction

buffer, respectively in THEDTA buffer (10mM Tris, 1 mM EDTA, pH 8.0, with 0.1% (v/v)
Triton-X-100 (Dionneet al., 2006). Samples were centrifuged for one minute at 17,949 g
and 4°C and the supernatantas removed and placed in new tube. Samples were kept

on ice while assays were conducted to prevent degradation of nutrients.
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For DrosophilaOregm-RS sample flies were homogesdsin 200 pl of Lysis Buffer (150
mM NacCl, 20 mM Tris (pH 8.0), 2 mM EDT3%Monyphenoxypolyethoxylethanol (NP
40) and protease inhibitors; Roche tablets (Cat ndt 836 1531 tablet/10 ml) and
incubated on ice for 15 minutes. Samples &vdren centrifuged at 4 °C at 17,94@n for

10 minutes and the supernatant was placedinew tube and analysed immediately.

2.5.3 Protein Assays

Two assays were used, Pierce for Ore@and Bi®kad for Cantors.

For the BieRad assay, samples were diluted 1 in 5 in TE buffer. Five-litviesoof the
sample and Bovine Albumin Serunarstiards were placed into a 96 well plate. A-Rexd
(BioRad Laboratories, USA) protein assay was conducted by adding 25 pl of reagent A
and 200 pl of reagent B (samples were mixed by pipetting) and allowed to incubate for 15
minutes at room temperature.The absorbance was measured at 750 nm on aRBio

xMark™ microplate spectrophotometer with-2.4 ug BSA (Bovine Serum Albumin).

For the Pierce Assay, samples were diluted in Lysis buffer. Tafreatynicrolitres of the
sample and Bovine Albumin Serutardards were placed into a 96 well plate. A Pierce
BCA (Thermo Scientific) protein assay was conducted by adding 200 ul of BCA reagen
(made from Reagent A and B at a 50:1 ratio) to each sample/standard and mixed by
pipetting. The plate was incubated 80 minutes at 37 °C and the absorbance measured

at 544 nm on a BMG Labtech POLARstar OPTIMA spectrophotometer.

2.5.4 Assay for Glucose, Glycogen and Trehalose

Five micrelitres of the samples and standards were placed into the wells of a 96 well
plate. The glucose assay was conducted by adding 150 ul of enzyme cocktail containing
500 units of glucosexidase and 100 units of peroxisia (39.2 ml of MiHQ water to the
enzyme tablet and 800 pl of-Dianisidine reconstituted in 1 ml of Mill) water) to ech

well and mixed by pipetting. The plate was then incubated for 30 minutes at 37 °C. The
reaction was terminated by adding 190 sulphuric acid (6 M). The absorbance was

measured at 544 nm on an xMabtkmicroplate spectrophotometer.
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To assay glyceq and trehalosesamples were préreated with amyloglucosidase and
trehalase respectively. For glycogen assays, 5 pl of 2Gframyloglucosidase in 10 mM
acetate buffer was added to each sample and to one of 2 glycogen standard curves. The
plate wasincubated for 1 hour Aedesaegypti) and overnight (advised f@rosophila
samples) at 37 °C. Glucose quantity was then measured using the method described

above.

For the trehalose assay, 2 of 0.2M sodium citrate and 1 mM of EDTA was added to the
samples and 1 of 2 trehalose standards. The plate was incubated at 37 °C for 10 minutes,
this was followed by the addition of 2.5 pl of trehalase (3.7 U/ml) (converts trehalose to
glucose) to the samples and 1 of 2 standards. The plate was then incubmategD f
minutes at 37 °C and the glucose quantity then measured using the method described

above.

For both the glycogen and trehalose assays, the quantity of trehalose and glycogen was
calculated by subtracting the value gained from the glucose assay frermalue gained

from the trehalose/glycogen assay.

2.5.5 Assay for glycerol and triglyceride Assay

The glycerol and triglyceride assay were conducted using Sigma Triglyceride Assay Kit
This kit quantifies glycerol by the addition of 1.25 U'rof glyceol kinase (converts
glycerol to glyceroel-phosphate), 2.5 U ril of glycerol phosphate oxidase (converts
glycerotl-phosphate to hydrogen peroxidend dihydroxyacetone phosphatand 2.5 U

ml™ of peroxicase (converts hydrogen peroxidd-aminoantipyrineand sodiumN-ethyl-
N-[3-sulfopropylm-anisidine to Quinoneimine dye). The triglyceride reagent converts

triglycerides to glycerol and fatty acids by using 26i* of lipoprotein lipase.

Fifteen micralitres of the samples and 15 pl of the glyceradredards (66.25 ug) were
placed into a 96 well plate. The assay was conducted by adding 200 pl-wapred
glycerol reagent (resuspended in 40 ml Miliwater) to each well and mixed by
pipetting. The plate was then incubated for 10 minutes at 37 T@e absorbance was

measured at 540 nm using a xM&8fimicroplate spectrophotometer.
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Following the glycerol assay, the triglyceride was quantified. Fifty rhioes of pre
warmed triglyceride reagent (reconstituted in 10 ml of M@liwater) was addedb the
plate after the glycerol was quantified and incubated for 10 minutes at 37 °C. The

absorbance was measured at 540 nm using an xMarkicroplate spectrophotometer.

The triglyceride content was calculated by subtracting the value for free gly(fensi

reading) from the final absorbance.

2.5.6 Total Lipid Content

Total lipid content was measured by drying individual insebi®gophilaand Mexican
Aedes aegyptipr groups of 20 (AsiaAedes aegyptat OxitecLtd to weigh accuratelyin
eppendaf tubes to a constant weight at 50 °C for 48 hours. After determination of dry
weight of insect on a microbalancBrosophilaand MexicarAedes aegyptiMettler MT5
microbalanceand AsianAedes aegyptiMettler Toledo AG104 balangel ml(5 ml for
Asian Aedes aegyptiof 2:1 methanol/chloroform mix was added to each tube and
incubated at room temperature for 24 hours. The methanol/chloroform mix was then
removed and left in the fume hood for 24 hours to allow the evaporation of the
methanol/chloroform mix. The insects were then-geighed and the change in weight of
the dried insects after methanol/chloroform treatment was calculated to produce the

total lipid content per insect (Cockbain, 1962).

2.6 Respirometry

The Q consumption and COproduction of male and female flies of-Z0 day old
DrosophilaCantonrS was determined by stoppdtbw respirometry, with 5 flies per
replicate. Flies were transferred to a 5 ml syringe and allowed to acclimate for 30
minutes prior to analysis. All experiments weomnducted in dim light (0.02 pE&? s*) to
minimise movement, andhe time of experiment was scored. The input to the
respirometer was room air with water vapour and £&moved by two silica columns and
one ascarite column respectively. To initiate easiperiment, the air in the syringe was
replaced by 3.2 ml of dried G@ee air, with airflow at 57 ml mih The C@and Q
content of the syringe was determined at 30 minuteg injecting 3 ml of the syringe

volume into Sable Systems SS3 Gas AnalyteseBopler with an FCAOA CQ@analyzer
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and FELO Q Analyzer (Sable systems, Nevada, USA) respectivelyand@ content
was calibrated with 50 ppm G@as and 20.9%@as.
CQ and Q content were analysed using the Sable System data acquisition seftwa

(Expedata, Sable Systems, Nevada, USA).

2.7 DrosophilaGut Dissections

Adult flies were surface sterilised with three washes in 1 ml 10% sodium hypochlorite,
followed by three rinses with sterile waterDrosophilaguts were dissected in sterile
w A y Is8Ibn (3 mM Cag£l1182 mM KCI, 46 mM NaCl and Tris 10 mM, pH 7.2) using

sterilised forceps and scissors.

2.8 16S rRNA Gene Analysis

2.8.1 DNA extraction

Bacteria colonies were cultured from the insects (Section 2.4).

Three different methods were usdd extract DNA. For bacterial colonies obtained from
OregonrRSand for OregorRS larvaeDNA was extracted by using a modified method
from Short Protocols in Molecular Biolog} Edition This involved precipitating the DNA
in one volume of isopropanolyashing the DNA pellet in 500 pl of 70% ethanol and re
suspending the dried pellet in 100 pl of sterile wagusebel1999page 212).

For bacterial coloniesbtained fromCantonSand for CantorS adults (Section: 2.3.2,2)
DNAwas extracted using modified method from Cenist al (1993. This involvea pre
incubationstepin 180 pl enzymatic lysis buffer (20 mM T@g 2 mM sodium EDTA, 1.2%
Trition-X-100 and 20 mg lysozyme per rak) 37 °C for 45 minutes. Followed head
beating with0.1 mmcell disruption beads (50% volume) using a DisrupterGenie (Scientific
Industries, Inc). The samples were incubated for a further 45 minutes at 37 GDe
hundred microlitres of Extraction Buffer (200 mM TH€EI, pH 8.5, 250 mM NacCl, 25 mM
EDTA, 0.5% [W] SDS&nd 25 pl of proteinase R0 mgml™) wasadded to each sample.
The samples were mixed and incubated at°&5for 1 hour, followed by the addition of
150 pl of 3M NaOAc, pH 5.2. The samples were transferre2Dt6C for 10 minutes and

centrifuged for 5 minutes atl7,949 g The supernatant was transferred to a new tube
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and 1 volume of 100% freezing isopropanol was add&de samples were incubated at
room temperature for 30 minutes, followed by centrifugationlat,949 gfor 30 minutes.

The sypernatant was removed and the pellet was washed in 500 pl of ice cold 70%
ethanol. The DNA samples were then vortexed, centrifugedld949 gat room
temperature and the supernatant was discarded. The dried DNA pellet waspended

in 100 pl of steré water.

For liquid microbial cultures obtained from AsiArdes aegyptiDNA was extracted by
using Nucleospin® Tissue (lontech)and cultures from Mexen Aedes aegyptDNA

were extracted bythe same method for Cante8(Ceniset al., 1993.

2.8.2 PCR Amplification

¢KS o0FOGSNAI 6SNBE ARSYUAFASR o0& wmc{ ¢Nwhb!
AGAGTTFTGATCMTGGCTEAGO QU | Y R ¢MAdGGYTAGE PFQTFACGACT-T-

0Q0 FTNRY Cdz| 19984 BLCRI-ayigificatidn waskenided in 25 liof a sterile

mix containing 1X Taq polymerase buffer, 0.24 mM of each deoxynucleoside
triphosphate, 2 mM Mg@| 0.32 uM of each primer, 1 pyL of template Dbony sample

and 0.025 U of Platinumiag The PCR mixtures were incubated for 5 minutes at®4 °
followed by one cycle of 1 minute at 55 °C, T2fér 2 minutes and 2830 cycles of 1
minute at 94 °C, 1 minute at 55 °C and 2 minutes at@®ith a final incubation of 8
minutes at 72 °C. Negative controls with no DNA adidn and a positive control

(Ochrobactrum anthropgdNA/Lontrol fly DNA were also prepared.

To certify amplicon size (1.5 kb), guBaliquot of the PCR product was run @ither a

1.5% agarose gel stained with Sybr Safe (InvitrogPnyspphilaand MexicanAedes
aegypt) or 0.8% glestained with ethidium bromide (Asiafsedes aegyptiand visualized

using UV. PCR samples were purified using QIAquick PCR purification kit (Qiagen
Valencia, California, USsad Qiagen, Crawley, West Sussex) fdowing the manual
instructions. PCR pducts were then sequenced with 16SA1 and 16SB1 primers using
Macrogen (OregoiiRS), GATC Biotech, Germany (Agiades aegypriand with 16SA1

only at Cornell Life Sciences Core Laboratory Centre, Biotechnology, Cornell University,

Ithaca, NY (Cante8 andMexicanAedes aegypli
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Sequences were then trimmed using Sequencher 4.10.1 and blasted using NCBI
nucleotide BLAST tool to identify the closest match for each sequence. This analysis was

conducted between November 2010 and February 2011.

2.8.3 Wolbacha identification in Drosophila melanogaster using PCR

Wolbachiawas identified by 16S rRNA gene PCR using universal pispisM CY p Q  «
TCC AAT AAG TGA TGA AGA AAGsid pmwyY pQ I 1] rtre¢e ¢t ! !
Zhou et al (19989. PCR amplification ag performed in 20 pl mix containing Ipaq
polymerase buffer, 0.40 mM of each deoxynucleoside triphosphate, 2.5 mM,MyG2

UM of each primer, 1 uL template DNA and 0.02 U Platifiaep Negative controls with

no DNA addion and a positive control (@genic straip were also prepared. The PCR
mixtures were incubated for 1 minute at 95 °C, followed by 30 cycles of 1 minute at 95 °C,
1 minute at 54 °C and 1 minute at 72With a final incubation of 5 minutes at 72 °C. To
certify amplicon size (59632 bp), a 8ul aliquot of the PCR product was run on a 1.5%

agarose gel stained with Sybr Safe (Invitrogen)

2.9454 pyrosequencing

2.9.1 Sample Preparation and DNA Extraction

Fifty guts were dissected from thBrosophila(CantonS, male and female). For BN
extraction the guts were placed in 180 pl enzymatic lysis buffer (20 mMCT,r3 mM
sodium EDTA, 1.2% Tritidd100 and 20 mg lysozyme per ml). Twenty male adelies
aegyptitreated with 30 ug ml* of chlortetracycline, norchlortetracycline treatedmale

adults non-chlortetracycline treatedfemale adultsand nonchlortetracycline treated
larvae were also placed in 180 pl enzymatic lysisebufThe samples were homogesik

with a pestle and mortar, and incubated at 37 °C for 45 minutes. Thennicell
disruption beads (50% volume) were added to the samples and -beating was
conducted using a DisrupterGenie (Scientific Industries, Inc). DNA extraction was
continued using the DNeasy® Blood and Tissue Kit (Qiagen, Valencia, California, US/

following the protocol for GrarfPositive DNA and eluted in 30 pL of buffer EB.
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2.9.2 Amplification of Variable Region 2 (V2) of bacterial 16S rRNA@ssisted by
Adam Wong)

PCR amplification of the Variable Region 2 (V2) of bacterial 16S rRNA gene was$ecbnd
dzaAy3d (KS LIMBAGSNBATEMTGGCA@GO QU I Y R¢TGETWHG& 0 p
CTGCCGTAGGAGT-0 QU ¢ A (i K-spdcific 27F YptidheS with a specific multiplex
ARSYGATASNI 6aL50 &SljdzSyoOSo | f f-AdaptoCAady R
p -‘Adaptor B sequences, respectively for the pyrosequencing (Roche). PCR amplification
was conducted in triplicate osixDNA samples containing Té&gpolymerase buffer, 0.24

mM of each deoxynucleoside triphosphate, 2 mM Mg@& pM each primer, 1 pL
template DNA and 0.6 U Platinunf@qDNA polymerase. The 25 pyl PCR mixtures were
incubated for 10 minutes at 94 °C, followed by 25 cycles of 1 minute at 94niDute at

58 °C and 1 minutat 72 Twith a final incubation of 8 minutes at 72 °C. PCRtiens

(22.5 pl) were purified using Agencourt Ampure® SPRI kit and quantified using the Quant
Atu t AO2DNBSyt (1AGO® 9 | °@deculeB ' Ofghavglumes ci R
the three reaction products per sample were mixed together andtefiluto 1 x 10

Y2t SOdz Sa F2NJ SYdzt aA2y t/w G 2yS O2LR L
sequencing. Beads were subjected to one full plate of the 45FL&Spyrosequencing
instrument using standard Titanium chemist(@ornell Life ScienceSore Laboratory

Centre, Batechnology, Cornell Universitithaca, NY.)

2.9.3 Analysis of 454 sequences

Sequences were checked for quality using Genome Sequencer FLX System Softwar
Manual, version 2.3 and clustered at 97% or more identity using Pyratagge
(http://pyrotagger.jgipsf.org/releasef Kunin and Hugenholtz, 2010) (assisted by Adam
Wong). Sequences were identified using the NCBI nucleotide Basic Local Alignment
Search toolttp://blast.ncbi.nim.nih.gov/Blast.cgito identify the closest match for each

sequence. This analysis was conducted in December 2010.
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2.10Microarray analysis
A microarray analysis obDrosophila melanogastewas conducted to gain a global
overview of the effect of diet and bacteria depleted conditions (flies derived from

dechorionated eggs) on gene expression.

2.101 Insect rearing

DrosophilaCanton S was reared on the Cornell diet (Table: 2.1). Flies vearsfdrred
into egglaying cages with 1% grape juice agar overnight. On Day 1, 200 control
(untreated) and 200 dechorionated eggs (Section: 2.3.2.1) were transferred onto
autoclaved diets: low nutrient (20 Ylof glucose and yeast) and Cornell (High igut)
(80 g* of glucose and yeast). Both diets were autoclaved at 121°C for 20 minutes.
Emerged adults were collected and placed onto fresh diet for 3/4 days before being flash

frozen with liquid nitrogen and stored &80 °C.

2.102 RNA Extractionnal Sample Preparation (Method from John Ramsey)

RNA extraction was conducted on 10 male flies per replicate, 3 replicates per treatment.
Flies were placed into chilled tubes on dry ice with 2 metal beads per tube and ground at
1600 strokes/min, for 95 seads (2000 Geno/Grinder). Five hundred militi@s of
Trizol® (Invitrogen) waadded to each tube and homogead with a needle and 1 ml
syringe. The mix was then centifuged at 10,000 g for 10 minutes. The supernatant was
transferred to a new tube an80 ul of bromochloropropane was added to the sample,
the sample was mixed by invertion and left for 5 minutes at room temperature. The
samples were centrifuged for 10 minutes at 10,000 g & Athe upper aqueous layer was
transferred to a new tube andQOD >| of ethanol was added to the sample. The sample
was then added to a cartridge (Ambion, RibopurKit), centrifuged for 30 seconds at
10,000 g and the eluent discarded. The cartridge was washed with> 508sh buffer
(Ambion, Ribopure Kit), cenrifuged for 30 seconds at 10,000 g and the eluent
discarded. The centrifugation step was repeated and the remaining eluent was discarded.
The RNA was eluted in 58 RNasdree water was added to the cartridge, left for 2
minutes at room temperature and cerifinged for 1 minute at 10,000 g. The quantity of

RNA was measured using a Nanodrop and store80#iC.
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2.103 Microarray

The microarray used was BrosophilaSingle Channel Gene Expression Microarray
(Agilent, California, USA) with a format of 4 x 44K 44,000 6émer drosophila probes.

RNA sample quality and integrity was evaluated using an Agilent Bioanalyzer. The RNA
sample was amplified and labelled with Cy3 Amino Allyl MessageAthpaRNA
Amplification Kit (Ambion/Applied Biosystejnaccording to instructionshybridised to

the 4 x 44k microarray and washadcording to manufacturers protocols. The microarray
was €anned by an Axon 4000B scanrfé@rprescent signals were obtainagsing Agilent
Feature Extraction software (Cornell Life Sciences Core Laboratory CeoiteehBology,

Cornell Universityithaca, NY).

2.104 Microarray Analysis

The data were analysed by Limifaaalysisvith John Ramseynd GeneSprirng

For the andysis using Limma, the raw data files were imported into R 2.10.1 -(eran
project.org/) and analysed with BioConductor (www.bioconductor.com) package Limma.
The median foreground probe intensities were calculated without background
subtraction, as recommated by Zahuraket al (2007). The values were then lgpg
transformed and normalexd using thevsn (Variance Stabilization and Normalization)
package in R (R2.10.1, crmaproject.org/). Variance Stabilization and Normalization
method is based on the fachat variance of the microarray depends on the signal

intensity

Normalisation using thevsn method of analysis is based on three assumptionsTHg
variarce of the measurement®n a prole depends on the mean intensity 2) The
relationship of measurementsebween samples is by an affiieear transformaion and

3) The variancstabilieed intensities per spot are normally distributed (Hubedr al.,
2002). Thismethod is used to preprocess microarray intensity data by an affine
transformation of each columrfpllowed by a variancstabilisng transformation of the
whole data (Huber, 200@Huber, 201 The methods summarised by the equationy e2
<-vsn(el) where el is the raw intensity measurements andisethe calibrated and

generalied logtransformed dta (Huber, 2006) The generaled logtransformed data is
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a function similar to natural logarithm for large values (large compared to the background
noise) but is less stegjhas a smaller slopdédr smaller valuegHuberet al., 2003; Huber,
2006 Huber,2010. The difference between the transformed valueghe generalisd 1
log-ratio (Huber, 2006 Huber, 201D These generalexd 1 logratios are shrinkage
estimators of the natual logarithm of the fold change where shrinkage estimagdriow
intensties are smaller than or equal to to the naive logfios and become equal at large
intensities(Huber, 2006 Huber, 2010 Therefore,they are not affectedby the variance
divergence of the naive legatios at the lower intensity which allows the value t
maintain a significant result when the data are negative or close to zero (Huber; 2006
Huber, 2010. This method removes the intensity dependence of the variance (Heber
al., 2003).

For the analysis using GeneSp@rgX Software Version 11 (Agilertt)e raw data files

were imported into GeneSpri® and the data was normalised using Quantile
Normalisation (reduces variance between arraysQuantile normaliation is performed

by sorting the expression values of each sample into ascending order ared plaext to

each other. The mean of the sorted order across all samples is taken; therefore each row
in the matrix has equal variance to the previous mean. The modified matrix which has
been obtained is then rarranged to have the same ordering as thputmatrix (Details

obtained via email contact with Agilent Technologies).

Differential Expression analysis was performed with both methods at the 0.05 level.

A comparison of the two methods of analyses (GeneS@amgl Limma) were conducted

by comparingthe number of genes where the expression was significantly changed
(p<0.05) to determine which analysis was the most conservative. With the exception of
the comparison of low nutrient diet dechorionation v high nutrient diet dechorionation
(Figure: 2.4), GeneSprin@was shown to be the most conservative with similar number
of genes as with Limma for the High nutrient diet comparigeigure: 2.4) and lower

genes with the low nutrienfFigure: 24a) and control comparison (Figer 2.4).

The gene ontolgy of each sequences was gaindtirough the use of Blast2GO

(blast2go.org) and searches using NCBttp://www.ncbi.nim.nih.gov), panther
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(www.pantherdb.org/), DGI TC Annotatohttp://compbio.dfci.harvard.edy and FlyBase

(www.flybase.org.

a) Low nutrient diet: Dechorionation V Control b) High nutrient diet: Dechorionation V Control

GeneSpring Limma GeneSpring

¢) Low nutrient diet control V High nutrient d) Lownutrient diet dechorionation V kgh nutrient

diet control diet dechorionation

Genespring GeneSpring

Figure 2.4 Comparison of the two different methods of analysis, GeneSp®&rand
Limma with the number of genes where expression is significantly alteragl low
nutrient diet: dechorionation V control b) high nutrient diet: dechorionation V control c)
low nutrient diet control V high nutrient diet control d) low nutrient diet
dechorionation Vhigh nutrient diet dechorionation.Overlapping numbers represented
the number of genes shared by both methods; numbers within each circle represents
the number of genes found to have a significantly altered expressioifthe Venn
diagram was created using an online source produceddiiveros (2007).
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2.10.5 QuantitativeRFPCR

QuantitativeRFPCRgRTFPCR}vas conducted to confirm the results gained from the

microarraydata.

The samples used for the microarray were treated with DNase (Ambion) to remove
contaminating DNA from the samples by the addition of 1X DNase | buftirlaul
rDNase |. The samples were incubated for 30 minutes atC3and the reaction was
terminated by the addition of Sul of inactivation reagent. The samples were then

centrifuged for 1.5 minutes at 10,000g.

The cDNA was created by addia@0 ng of radom primers (Fisher), 208g RNA, 10
pmole dNTPs and made up in sterile distilled water. The mixture was heated’® 65

5 minutes and chilled on ice. 1 X Fi&stand Buffer and 0.01Mdithiothreitol were added

and gently mixed amh incubated at 25°C for 2 minutes. Two hundred units of
SuperScript 1l RT (Invitrogen) was added and mixed by pipetting. The sample was then
incubated at 25°C for 10 minutes, followed by incubation at 42 for 50 minutes and

heat inactivated for 15 minutes at &. The cDNA was stored-20 °C.

Table: 2.3. Primers (designed using Priri®tAST, NCBI) used for quantifying Diptericin,
Diptericin B, Fat Body Protein 1, CG31148. Defensin aMibsophoenolpyruvate
carboxykinaseby gRTFPCRwith the housekeeping gene RPL32 and Zwischenferment

gene with no fold change expression across treatments in the microarray analysis.

Gene name Forwardd Slj dzSyodR) o p QWS@OSNES a-86QdzSy O
DiptericinB TTGGACTGGCTTGTGCCTTCTC| TTGGGAGCATATGCCAGTGGT]
Fat Body Protein 1 GCTGCAGGCCATTAATCCATC(Q TGCCAGTCAGATTCATGCCCAT
CG31148 AGCTTGGGATGGACGCCACA | TGGTCGAGTGCGGTTCATCATI
Defensin GAAGCGAGCCACATAQGT AAACGCAGACGGCCTTGTCGT

Phosophoenolpyruvate
carboxykinase

GCCAAAAACCCTTTCACGCGCA

TCCCCCATTGAATGCGTTTCGA

Diptericin

GCAGTTCACCATTGCCGTCGC

GCAGTTCACCATTGCCGTCGC

Zwischenferment (control)

GCAGTTCACCATTGCCGTCGC

ACCGCCGCCTCCCTGAAGAT

Ribosomal proteih.32
(Housekeeping gene)

AGATCGTGAAGAAGCGCACCA/

CACCAGGAACTTCTTGAATCC(

The gRFPCRreactions were performed in 96 well plates using>2cDNA and 19|
master mix, consisting of 1X Power Sybr Green N@&fRer mix (Applied Biosystems) and
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2.5 pM of the forward and reverse primers (Table 2.3). Two negative controls were also
prepared, the reagent only negative controls which containediilstelistilled water with

no DNA sample and No RT (Reverse transcriptase) controfRTIHRCRreactions were
carried out in a CFX96 Real time system on a C1000 thermal cycler (BioRad) with the
following thermal profile: 2 minutes at 5@, 10 minutes at®°C followed by 40 cycles of

15 seconds at 98C and 1 minute at 68C. To ensure primer specificity to each gene, a

melt curve was run for each plate from-85 °C with an increment of 0°€(Figure: 2.5

Melt Peak

600

500

400

300

-d{RFU)idT

&5 70 75 a0 85 S0 o5
Temperature, Celsius

Figure: 2.5 An example of a melturve analyss with the primer pairs of
Zwischenferment(control) with cDNA from replicate 1 ofhe control flies reared on a

low nutrient diet.

The expression level of each gene (Table: 2.2) was determined by the comparative CT
value method where the CT value obte¢hfor each gene was normalized to the CT

values obtaned for the housekeeping gendB32.

2.11 Statistical Analysis

Statistical analyses were conducted using SPSS Inc 16.0 an(D¥iham, 2003p66-
199). Significance was tested @5%and aboveconfidence level. The statistical test was

selected depending on the data type and distribution.
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For normally distributecand continuousdata with 2 or more samplergups;an analysis

of variance (ANOVA)was conducted For data with a nomnormal distribution and

discontinuous dataa MannWhitney U test, a KruskalWallistest and a ScheireRayHare

test was selected according to the number of groups and factors. Catagorical data was

analysed using a Clainalysis.

Table: Summary table of statistical tests e in this thesigDytham, 2003)

Samples/Groups Factors Data type Statistical test

2 1 Catagorical Chftest
Discontinuous Mann-Whitney U test
Continuous t-test, oneway

ANOVA

>2 1 Catagorical Chftest
Discontinuous KruskalWallis test
Coninuous Oneway ANOVA

2+ >1 Discontinuous ScheirerRayHare test
Continuous Twoway ANOVA,

Multi-way ANOVA an(
Analysis of covariance
(ANCOVA)
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Chapter 3: Bacteria and performance éfrosophila melanogaster

3.1 Introduction

There is growig interest in the importance of gut microbes in animals and how the
depletion of these microbes affects the health and performance of the animal. Several
scientists have investigated the implications of bigtics on the gut microbiotan mice
antibiotics have been shown to alter the diversity of bacteria found within the gut
(Antonopoulos et al., 2009. In control mice the microbes were Firmicutes and
Bacteroidetes but with antibiotic treatment the gut microbiota was predominantly

Proteobacteria Antonopouloset al., 2009.

Drosophila melanogastenas been used for decades as one of the most useful model
organisms when researching human diseases, and now there has been an increase in the
use ofDrosophila melanogastdo enable scientistto gain moe insight into the role of

gut bacteria. Sharost al (2010 has shown that commensal bacteria play an important
role in the mating preferences iDrosophila melanogasteand that diet also determines

the species diversity in the insects. In this stitdwas shown that on a cornmeal
molassesyeast diet, the insects have a more diverse population of bacteria in the gut
compared with the insects on starch diet where orlgctobacillus plantarunwas

identified.

The importance of symbiotic bacteria to thest has also been demonstrated by several
other authors (Renet al, 2007; Brummelet al, 2004; Bakula, 196%yith Drosophila
melanogaster(Chapter 1). Nevertheless these studies have been inconsistent and in
some cases not repeatable due to differescin conditions such as; the diet, the
methods used to produce bacterfeee flies (use of antibiotic treatment anegg
dechorionation) and how bacteree flies were characterised (culturable (Bakula, 1969)
and 16S rRNA gene analygRen, et al., 2007). Certain authors have used high
concentrations of antibiotics taleplete the bacteria however they have not considered

the implication of using such a high dose on the insect performance an example is a study
by Mair et al (2005 and Fry and Ran®@02) both of which used 25Qg ml ™ of

tetracycline.
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Most papers investigating the importance Dfosophila melanogastesymbionts in the
host performance concentrate on Ildgpan with only Bakula (1969) measuring
development time. One particular aspechieh has not been investigated is the role of
Drosophilasymbionts in host nutrition. Therefore) this chapter | determine the impact

of chlortetracycline on two wildype lab strains: OregeRS and Cante8 by treating the
Drosophila melanogastavith a range of chlortetracycline concentrationsgon 1~ $)3 Y f
Survival and development to pae/adulthood, lifespanthe nutrition and respirationof

the flies were measured. The effect of the treatment with chlortetracycline on the
bacterial content witin larvae and adults was also investigated by culturable bacterial
counts and 454 pyrosequencing to compare the bacterial diversity with chlortetracycline
and nonchlortetracycline treatedadult flies. Further experiments using CantSnwith
bacteria deptted flies (derived froneggdechorionation) were also used as a comparison
with chlortetracycline treated flies, and to determine whether ttepletion of bacteria

or toxicity of the chlortetracycline was responsible for the changes in performance.

Finaly, survival sudies with Drosophila melanogastefCantonS) using a high nutrient
(Cornell diet) and low nutrient diet will establisiwvhether different responses are
observed with different diets when the bacteria are depleted in flies via treatment with

chlortetracycline and egg dechorionation.
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3.20regonRSsurvival and development

3.2.1 OregorRSsurvival and sexatio
Initial experiments using the lab strain, Oreg@f were used to test whether

chlortetracycline teatment had a significant ingzt on Drosophila melanogaster

OregonRS eggs were transferred to the York diet containing different concentrations of
chlortetracycline up to 500 pg il The mean number of individuals that survived to
pupation varied from 5.47.2 out of 10 and did novary significantly with treatment
(Kruskalwallis:Hs = 5.973, p0.05) (Figure: 3.1). Pupal mortality was also low such that
4.9-6.8 survived to adulthood, again with no significant difference between treatments
(Kruskalwallis: Hs = 6.039, p0.05) (Figre: 3.1). At the lower concentrations of
chlortetracycline (610 pug mi) the flies had a tendency to stick to the diet upon
emergence, these were still alive when the numbers were recorded. The diet appeared
to be more liquid than diets with a higheorcentration of chlortetracycline (100 ug ™l
YR F020S0® ¢tKS aaidAoOlAay3de (G2 GKS RASGA
the diets as this was not observed with the diets containing 100 pigamdl higher of
chlortetracycline. Thereforethe addition of antibiotics could actually prevent this
process from occurring and the survival data could have been different if the flies that
GSNBE aaiadzO1¢ 2y (GKS FT22R KIFIR y2i 0SSy NB°

100
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80 -
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60 -
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40 - O Pupae

=10)

30 -+ W Adult
20 -
10 -

% Survival £ s.e (n

a 1 10 50 100 300 500

Concentration of chlortetracycline {ug mi-1)

Figure: 3.1. Mean percent sumal to pupae and adulthood of the 10 vials (10 ggper
vial) of each treatment of €600 pg mif* chlortetracycline (Methods Chapter, Section:

2.3.1, page 39.
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The ratio of nales and females was also anaggo determine whether chlortetracycline
had an inpact on the number of males and females in the population. The sex ratio did
not vary significantly with increasing concentration of chlortetracycline. At 0 figthe

ratio was 26:31 and for 500 pg Tithe ratio was 26:37 (males to females) (Tabld) 3.
The concentration of chlortetracycline where there was quite a variation was i and

50 pg mit where at ® pg mi* there was double the number of females compared to
male flies. Using a goodness of fit-sfuare statistichtest, the sex ratiavas analysd to
determine whether there is a significant effect on the sex ratiDadsophilaby antibiotic
treatment. This analysis revealed no significant difference between the ratios of males
I YR ¥ S %+ d.3313 p>0.05) between the differemeatments.

Table: 3.1. Sex ratio dbrosophilatreated with 0-500 ug mi* chlortetracycline number
of replicates = 1{Methods Chapter, Section: 2.3, page 39.

Concentration of chlortetracycline Sex ratio Males:Females (% males)
(ug mr")

0 26:31 5.6%)

1 27:41(39.7%)

10 16:30 (34.8%)

50 18:38 (32.1%)

100 28:28 (50%)

300 29:29 (50%)

500 26:37 (41.3%)
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3.2.2 Development time to pupae and adulthood
Development time measurements were also included in this experiment to determine

whether the removal of the bacteria alted the development time. The development
time of OregorRS to pupation @0001, Table 3.2) and adulthood<{@.001, Table: 3.2)
varied significantly with chlortetracycline concentration. At 0 ug aflchlortetracyclire,
larvae started to develop iot pupae by dy 7. As the concentration of antibiotic
increased, pupae formation was delayed in 2 steps; firstly, the median development to
pupae was extended by one day all@ pg mf" of chlortetracycline and by 2 days 56

500 pg mif of chlortetracycline. This delay in development was also observed in the
emergence of adults, median development to adulthood was extended from 11 days to
12 days at 410 pg mt* and 13days at 56600 pg mif-

Table: 3.2. The effect of chltracycline on the development time ofDrosophila
melanogaster(OregonRS)of 10 vials (10 egs per vial) of each treatment of-800 ug
ml™ chlortetracycline(Methods Chapter, Section: 2.3.page 39.

Median development time (Days)
Concentration &chlortetracycline pug il to pupae to adulthood
0 7 11
1 8 12
10 8 12
50 9 13
100 9 13
300 9 13
500 9 13
KW: H= 253, p<0.001 KW=226, p<0.001
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3.23 Behaviour of larvae on chlortetracycline
OregonRS larae behaved differently on diet with higha concentration of

chlortetracycline (10600 pg mif) compared with the larvae reared on the diet witf50

ng mi* of chlortetracycline. Larvae on low concentrations of chlortetracycline were able
to burrow into the food, but at higher concentrations the larvae had a tendency to
remain on the surface. One possible explanation to this observation is that the bacteria
that grow on the diets with low concentrations of chlortetracycline are softening the diet
and theaefore the larvae have the ability to tunnel through the diet. At higher
concentrations of chlortetracycline there is little or no bacterial growth and therefore the
diet remains solid and harder for the larvae to tunnel into the food. Another possible
explanation for this observation could be that the larvae treated with high concentrations
of chlortetracycline are less vigorous and are not able to penetrate the food as much as

the larvae treated with &0 pg mt* of chlortetracycline.

To test whether tle extension of development time was due to a direct effect of
chlortetracycline rather than a deleterious consequence of feeding on the sudan#&pl
OregonRS was rearedn a diet with0.9-2.5% agar. This experiment showed that there
was a significantlifference in the median development time (p<0.001. Table: 3.3). The
concentration where a difference was observed was at 2% agar where the median
development time was shortened from 11 days to 9 days, suggesting that this result could
be an artefact rdter than a real result as the reduction in development time was not
observed at concentrations of agar higher than 2% and no difference was observed
between the other concentrations (Table: 3.3). Larvae were also observed to persist on
the top of the dig¢ at 1.5% and at percentages greater than%.9arvae were found
within the cracks in the food. At 084 larvae were able to penetrate the food and were

not observed on the top of the diet.
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Table: 3.3. The effect of agar percentage in the diet be development time ofcontrol
Drosophila melanogaste(OregonrRS) ofl0 vials (10 egs per vial) of each treatment of

0.9-2.5% agafMethods ChapterSection: 2.3.1page 39. All data are median.

Percent agar Median development time adulthood (Day:!
0.9 11
1 11
1.25 11
1.5 11
2 9
25 11

KW: H=46.08, p<0.001

3.3 Effects of Chlortetracycline on Oregl@® size and nutrition

As described in the introduction, experiments have been conducted with flies which
included measurements for lifspan ad survival. The change in the nutrition of the flies
has not been considered, therefore in this section | will describe the changes which occur

with flies treated with chlortetracycline.

3.3.1 Effects of chlortetracycline on OregB® wing area
Size ofthe flies was assessed using wing area which had previously been shown by

Shingletonet al (2005 and in Chapter 2 to be positively correlated with weight. The wing
area was used as a measurestfe;wing area was compared between flies treated with
0-500 ug mi. A 2way ANOVA was conducted to test whether chlortetracycline affected
the wing area. There was no significant difference observed between the different
concentrations of chlortetracycline {3 = 1.889, p>0.05) (Figure: 3.2). The graphufeig
3.2) shows that the wing area did not vary dramatically between the different treatments
(in males; mean value of 1.368 it 0 pg mI* and 1.357 mrhat 500 pg mif and in
females; 1.8 mrhat O pg mi*and 1.55 mrat 500 pg mf). Female flies have greater
wing area than males as they were much larger than the male fliggs(F 85.988,
p<0.001). However, there was no significant difference in the effect of chlortetracycline in

male and female flies {R3 =0.926, p>0.05).
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Figure: 3.2. Avaage wing area of male and female flies treated with500 ug mi* of
chlortetracycline, number of replicates per treatment = @lethods Chapter;Section:
2.5.1, page 49.

3.3.2 Effects of chlortetracycline on OregB® protein content
The average proteigontent of the flies varied from 157 to 248 pug. The average protein

content of female flies was 243.3 ug of protein at 0 pd,nthis reduced to 202.2 pg at
500 pg mif (Figure: 3.3). In male flies the protein content varied from 157 to 190 ug.

An anaysis of covariance (ANCOVA) was conducted to take into account the size of the fly
using the wing area as a covariatq @z = 0.110, p>0.05). This analysis showed that
protein content varied significantly with chlortetracycline treatment (& = 6.598
p<0.001) and between sexes, (&= 46.601, p<0.001)Yet the test showed that there

was a significant difference in response of male and female flies, 6 3.534, p<0.01).

As the statistical test suggestethe response of male and female fliddgfered, a one

way ANOVA was conducted separately for the 2 sexes. This analysis showed wing are:
did not differ in male (F 6= 2.304, p>0.05) and female flies; (7= 0.238, p>0.05).
Furthermore, the protein content varied significantly withlatetracycline treatment in

females (It 7= 5.524, p<0.01) but not in males (k= 2.312, p>0.05).
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Figure 3.3: The proteinantent of flies treated with 0500 pg mf* chlortetracycline,
number of replicates per treatment = BMethods ChapterSecton: 2.5.3 page 46.

3.3.3 Effects of chlortetracycline on OregB® lipid content

Lipid content was the second nutrient to be quantifiedctmortetracycline treated flies.
As the dry weight of the flies was measured to calculate the lipid contetiteoflies the

lipid content was normaled to the dry weight of the fly.

An ANOVA was conducted to determine whether there was a significant impact of
chlortetracycline treatment on the lipid content of flies. Chlortetracycline had a
significant impaton the lipid content of the flies ¢F4= 15.086, p<0.001). This response

to chlortetracycline treatment was observed in both males and femalgs{E 1.979,
p>0.05). However, there was a significant difference in lipid content between sexes,
genaally greater in males than in females (&= 27.222, p<0.001). Females the lipid

O2y (i Syd oO0LISNI Y3 2F RNE 6 SA 3K {a00.3x1ymg KB 004 S &
>3 "WCAIdZNBE odn0d LYy YIESa8 GKS fALARtoO2Z2Y
ndnoc Y3 Heigwendm). >3 Yt

LSD(Least significandifference)post-hoc statistical test showed that the lipid content of

the female flies treated with no chlortetracycline was significantly different from the flies
GNBIFG§SR 6 A ('K Then lipid comtéht of femaledJSF 1 | G #Wmafn >
chlortetracydine. This result suggests that it could be an artefact, as the same trend was
not observed at the concentrations of 3@0n 1 .3In nvales, poshoc tests suggest

0K G Hhwassinificdntly different from 1,50 n 0 2 & chidrtetracycline.
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Figure: 3.4: The lipid content of female and male flies treated witk500 pg mi of
chlortetracycline, number of replicates per treatment = ®lethods Chapter;Section:
2.5.6 page 48.

Analysis of dry weight of the flies showed that the weightha thlortetracycline treated
flies was significantly affected by chlortetracycline treatment4f= 9.5, p<0.001). There
was a significant difference between male and female fligss(FE= 224.738, p<0.001).
The response to chlortetracycline differedmale and female flies {4= 2.661, p<0.05).
LSDposk2O adl GAadAort GSad aK2gSR GKI G GKS

ml™ of chlortetracycline in both male and female flies (Figure: 3.5).
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Figure: 3.5: The average dry weight wfale and female flies treated with 0500 pg mf*
of chlortetracycling number of replicates per treatment = 8Viethods ChapterSection:
2.5.6, page 43.
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3.4 CantorSsurvival, development, lifespan and fecundity

Experiments with chlortetracycline wenepeated with Cantof, to demonstrate that

the observations made in Oregd®S can also be observed in another yioe laboratory
strain. Furthermore, another method was used to deplete bacteria in the flies via egg
dechorionation. A 2X2 factorial eaqpment was conducted with control flies and flies

derived from dechorionated eggs treated with 0, 50 and 300 pijahthlortetracycline.

3.4.1 Survival to pupae and adulthood
The average survival of the strain Can®rno pupae and adulthood varied froB®-76%.

The survival to pupae and adulthood was not significantly affected by chlortetracycline or
by eggdechorionation (Table: 3.4) (p>0.0§kt it does appear that chlortetracycline and
dechorionation does improve the survival of Cant®rbut not whe flies derived from
dechorionated eggs are treated with chlortetracycline. In control flies the surwiasl
39-47%, this increased to 576% with flies derived from dechorionated eggs without
chlortetracycline andcontrol flies treated with chlortetracycline. In flies derived from
dechorionation and treated with chlortetracycline the survival was similar toctbrarol

flies, which could suggest that the dechorionation and chlortetracycline treatment had a
deleterious effect on survival, however chlonatycline treatment and dechorionation

alone improved survival.

Table: 3.4: Survival to pupae and adulthood of control flies and flies derived from
dechorionation treated with 0300 pg mi' of chlortetracycline and ScheireRay-Hare
statistical analysisnumber of replicates= 15(Methods Chapter;Sction: 2.3.2.2 page
40).

Mean survival (%) n=15

Concentration of Pupae Adult
chlortetracycline (ug ni'i)

Control Dechorionation | Control Dechorionation
0 47+ 7 62+4 39+7 575
50 714 38+6 66 +4 35+6
300 76+ 4 47 +5 71+4 47 +5
ScheirefRayHare Test
Chlortetracycline Fs 84= 0.728, p>0.05 Fs 4= 0.366, p>0.05
Dechorionation F. 4= 0.738, p>0.05 Fi s4= 1.541, p>0.05
Chlortetracycline®Dechorionation| F, g,= 2.025, p>0.05 Fi 84= 2.530, p>0.05
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3.4.2 Development time to pupae and adulthood
The development timeto pupation of the strain Cantot& varied significantly with

chlortetracycline concentration (p<0.05) (Table: 3.5). At 0 |igcimibrtetracycline, larvae
started to develop into pupaeyday 7. Pupae formation was delayed by one day at 50
and 300 pg mt of chlortetracycline. Egdechorionation also caused a sigcéfint effect

on development timewith an extension of one day (p<0.01, Table: 3.5). This expetime
was repeated and an extension of development was again observed with treated
Drosophila Furthermore, the result supports the data obtained with Oregrfh It does
suggest that the extension in development is due to the removal of bacteria and not a

toxicity issue.

Table: 3.5: Median development time (Days) obntrol flies and flies derived from
dechorionation treated with 0300 pug mf of chlortetracycline and ScheireRayHare
statistical analysisnumber of replicates= 15(Methods Chaptey Secton: 2.3.2.2 page
40).

Concentration of chlortetracycline PUM:SIan development time (Dayz)dzﬁls
1
(Hg mI) S
Control Dechorionation| Control Dechorionation
0|7 8 11 12
50| 8 8 12 12
300 | 8 8 12 12
ScheirerRayHare Test
Chloretracycline Fs. 501= 9.54, p<0.05 Fs. 460= 9.54, p<0.05
Dechorionation Fi 501= 64.65, p<0.001 Fi 460= 64.65, p<0.05
Chloretracycline*Dechorionation | F, 501= 4.64, p>0.05 F 460= 4.64, p>0.05
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3.4.3 Lifespan of male Cantes
To gain an overall uterstanding about how chlortetracycline treatment arehg

dechorionationaffect CantonrS, lifespan and fecundity experiments were conducted.

The lifespan of male flies varied significantly with chlortetracycline concentration
(p<0.001),but no significantdifference was observed betweecontrol and with egg
dechorionation (p>0.05) and there was no significant difference in response of
dechorionated andtontrol flies to chlortetracycline treatment (p>0.0%)able: 3.6) LSD
post-hoc tests showed thatontrol male flies on no chlortetracycline hadsignificantly
lower lifespan (41 days) compared with 6@ days of control flies treated with
chlortetracycline (Table: 3.6). Flies derived from dechorionated agds10 treatment
with chlortetracycline had araverage lifespan of 52 days; howevechlortetracycline
treatment appears to extend lifspan further to 59 and 64 days at 50 and 300 pg,ml

respectively.

Table: 3.6: Average (mean) male kfpan of control flies and flies derived from
dechorionated eggs treated with 6300 pg mit of chlortetracycline number of
replicates= 10(Methods Chapter Section: 2.3.2.2page 40.

Average adult lifespan (Days) n=10

Concentration of chlortetracycline (u
ml™) Control Dechorionation

0| 41+5.273 (8) 52+ 3.271 (10)
50 | 64 +2.805 (10) | 59 + 3.437 (10)
300 | 60 £5.842 (10) | 64 + 2.389 (9)

ANOVA

Dechorionation Fi5:= 1.055, p>0.05
Chlortetracycline F51=9.419, p<0.001
Chloretracycline*Dechorionation F5:=1.894, p>0.05
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3.4.4 Fecundityof CantonS
Female flies were used to assess the fecundity of chlortetracycline treated flies and flies

derived from dechorionated eggs. A SchelRayHare test was conducted to determine
whether there was a significant effect on the fecundity of confligls and flies derived
from dechorionated eggseated with chlortetracycline. Chlortetracycline treatment was
aK2gy (2 KIFEI@GS | aA3IYAFAOLIYG STFFSOG oLIKN D
laying capacity being 113 eggs for tntrol flies and49.5 and 72 eggs for 50 and 300 pg
ml™?, respectively. Dechorionation had no significant effect on fecundity (p>0.05, Table:
3.7). Flies derived from dechorionated eggs without chlortetracycline treatment were
shown to have no significant differeaccompared with controls (112 and 117
respectively (Table: 3.7). The response to chlortetracycline of control flies and flies
derived from dechorionated eggs waot significantly different ¢g0.05, Table: 3.7). Flies
derived from dechorionated eggse@mted with 50 and 300 pg fhichlortetracycline
showed aregg laying capacityf 68 and 104ggs, respectively

This result suggests that bacteria depletion does not have an effect on the fecundity of
Drosophilabut the presence of chlortetracycline rades fecundity. This may be due to 2
reasons; 1) the toxicity othlortetracycline causes a reduction in the reproduction
capacity 2) the females are deterred from ovipositing on the diet containing the

antibiotic.

Table: 3.7. Median number of eggs lamer 7 days ofcontrol flies and flies derived
from dechorionated eggs treated with 00 pug mi* of chlortetracycline and Scheirer
RayHare statistical analysis number of replicates= 10 (Methods Chapter;Section:
2.3.2.2 page 4).

Median number of egs laid
over 7 days (n=10)

Concentration of chlortetracycline (ug 'ﬁ)l Control | Dechorionated

0 113 117

50 49.5 68

300 72 104

ScheirefRayHare Test

Chloreetracycline F, 53= 3.69,0<0.05
Dechorionation F153=0.36,p>0.05
Chloreetracycline*Dechorionation F,53=0.35,p>0.05
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3.4.5 Egg Hatching Experiment
Bacteria depleted flies where the eggs were dechorionated have been observed to have

an extended development time to pupae and adulthood when compared with control
flies. Johnston and Crickme (2010 reported that axenic (bacterifree) Manducasexta
showed a delayeddevelopment;they suggested that the treatment rather than the
removal of bacteria had caused the extension. From this suggestion, egg hatching was
monitored to determine whethethe dechorionation caused the eggs to hatch later than
controls. Bacteria depletion did not appear tousa a delay in egg hatching (M\WH =

-1.463, p>0.05), with the median egg hatching time 19 hours after treatment (Table: 3.8).

Table: 3.8. Media egg hatching time (Hours) of comtt and dechorionated eggs,
number of replicates= 10(Methods ChapterSection: 2.3.2.2page 4).

Treatment Median egg hatching time (Hours)
Control 19
Dechorionated 19

Egg hatching was also measured to determimbether a delayed egg hatching is
responsible for a delay in development time to pupae and adulthood when treated with
chlortetracycline. Eggs were transferred to the control diets and diets with 50 and 300 pg
mi™ of chlortetracycline. Number of eggatbhed was counted at the beginning and end

of each day. Chlortetracycline treatment appears not to haweeffect on the egg
hatching(H, = 0.820 >0.059, with the median time to hatch of 19 hours after transfer to
chlortetracycline or norchlortetracydine diet (Table: 3.9). A Kruskafallis test was
conducted on the data which was shown to have a distribution which was significantly

different from normal (p<0.001).

Table: 3.9. Median egg hatching time (Hours) of eggs transferred to diet supplemented

with chlortetracycline, number of replicates= 10 (Methods Chapter;Section: 2.3.2.2

page 4).

Concentration of chlortetracycline (ug Ml

Median egg hatching time (Hours)

0

19

50

19

300

19

Both of these experiments suggest that the delay developntieme occurs at the larval

stage.




3.5Effects of Chlortetracycline on Cant&nsize and nutrition

3.5.1 Effect of chlortetracycline on Cant&wing area
The size of the flies was inferred from the wing area of the flies and used for nutritional

analysis The wing area of male flies was not significantly affected by either
chlortetracycline treatment or by egg dechorionation (p>0.08ble: 3.1 The average
wing area of female flies was significantly reduegth chlortetracycline treatmentnd

the treament with chlortetracycline and egg dechorionation with tlexcepton of

dechorionationwith treatment of50 pug mi* of chlortetracycline dietTable: 3.1)

Table: 3.10.Thewing area of male and femaleontrol flies and fliesderived from
dechorionatedeggs (Dechorionation) treated with chlortetracycline-®0 ug mt) and

ANOVA tatistical analysis, nmber of replicates= 5(Methods Chapter;Section: 2.5.1
page 44.

Chlortetracycline concentration Wing area (mr)
(g mll) Mean xs.e. (n=5, exceptn=3)

Males Females

Control Dechorionation | Control Dechorionation
0 1.36+0.04 | 1.36+0.01 1.84+0.02 | 1.80+£0.01
50 1.38+0.01 | 1.41+ 0.02 1.75+0.01 | 1.84+0.02
300 1.3940.03 | 1.39+0.004* 1.77+0.01 | 1.78+0.02
ANOVA
Dechorionation Fi 2= 0.218, p>0.05 F22= 3.750, p>0.05
Chloretracycline F,2,=0.988, p>0.05 F22,=4.107, p<0.05
Chloretracycline’Dechorionation| F, ,,= 0.244, p>0.05 F 2= 10.637, 0.001<p<0.01

75



3.5.2 Effect of chlortetracycline on Cant&triglyeride content
The triglyceride content of thérosophila melanogastewas quantified in order to

determine whether bacterial depletion through chlortetracycline treatment and
dechorionation affected the lipid nutrition of the insect. Wing area was used a
covariate in this analysis to take into account the size differences between samples. The
triglyceride content of male flies was not significantly affected by egg dechorionation,
however treatment with chlortetracycline did. In males the triglyger content
decreases from 13.%« 3 F (i ‘“hto 22 andfll5 3 G pn | ¥& on.
chlortetracycline, espectively Table: 3.11). Ifes derived from dechorionated eggs and

NB I NB R 2 Yof ghlortetradcliné factually had a grer triglycerde content (17.2

png) compared withcontrol flies (13.9 ug), this reswitas supported by the significant
interaction betweenchlortetracycline andegg dechorionatior(p<0.001). In females the
same pattern was observed, there was no significant effectgnf dechorionationbut

there was a significant reduction in triglyceride content in the presence of
chlortetracycline (p<0.05). In females, thdiglyceride decreases from ZBugai n >3 Y
tol17.3and 21.2x 3 G pn | elpeatively (Tablg: 3.Y1). The same pattern
was observed in flies derived from dechorionated eggs treated with chlortetracycline
(p>0.05)

Table: 3.11 Triglyceride content afontrol flies and fliesderived from detorionated
eggs treated with @300 pg mi* of chlortetracyclineand ANJOVA satistical analysis,
number of replicates= 5(Methods ChapterSection: 2.5.5page 47.

Chlortetracycline concentration Triglyceride content (ug) pelyf
(Mg mll) Meanzs.e. (n=5, exceptn=3)

Males Females

Control Dechorionation | Control Dechorionation
0 13.9+0.5 | 12.0+0.5 23.5+0.6 21.1+1.0
50 12.2+1.1 | 17.2+0.5 17.3+1.2 17.7+2.5
300 11.5+0.5 10.4+1.3* 21.2+1.2 15.8+0.7*
ANQOVA
Wing area covariate FL 2= 2.498, p>0.05 Fi22= 0.206, p>0.05
Dechorionation Fi21=0.349, p>0.05 Fi2,=0.521, p>0.05
Chlortetracycline F 21=20.799, p<0.001 F 2= 6.294, 0.05>p>0.01
ChlortetracyclineDechorionation | F,,;=12.830, p<0.001 F.22,=1.603, p>0.05
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3.5.3 Effect of chlortetracycline on Cant&protein content
In male flies there was a significant effectegig dechorionatiomn the protein content of

the flies but chlortetracycline treatment alone had no significant effect or tbrotein
content (p>0.05)(Table: 3.12)The protein content was significantly reduced in flies with
egg dechorionatiomnd treatment with chlortetacycline (decreases from 1083 A Y n
mi™ control to 78.2ug) 6 LMKN dmfgmale flies dechorionativhas no significant effect

on the protein content,neverthelesschlortetracycline treatment did; prota content

“nto =266 amd 141.5x3 i pna YR

respectively (Table: 3.12). The same pattern was alserebd with flies derived from

decreases from 165.& 3 |

dechorionated eggs and expad to chlortetracycline (138.and 1212 pg at 50 and 300

> 3 ™ ¥dspectively) which is supported by the non significant result for the interaction
between egg dechorionatiorand chlortetracycline This result observed in the female
flies suggests that the chlortetracycline could be altering protein metabolism/synthesis
and not as a result of depleting the bacteria as there was no significant diffexeitice
egg dechorionatioralone However, the was not observed in male flies. The only
significant reduction was observed in fli@sth egg dechorionatiorand treated with
chlortetracycline, suggesting that there is an interaction between chlortetracycline and

egg dechorionation

Table: 3.12: fie protein content of control flies and flies derived from ddwrionated
eggs treated with @300 pg mi* of chlortetracyclineand ANCOVA statistical analysis
number of replicates= 5(Methods ChapterSection: 2.5.3page 49.

Chlortetracycline concentration

Protein content (ug) per fly

(g mI") Mean+s.e. (n=5, exceptn=3)
Males Females
Control Dechorionation | Control Dechorionation
0 102.8+7.3 106.9+4.0 165.6+8.3 152.8+4.6
50 108.7+8.6 | 87.7+5.2 126.6+10.3 | 138.7+2.5
300 104.3+6.8 | 78.2+6.5* 141.5+8.1 121.2+4.8¢
ANQOVA

Wing area covariate
Dechorionation
Chloreetracycline
ChlortetracyclineDBechorionation

Fl,21: 2230, p>005
Fl,21: 7763, p<005
F21= 2.644, p>0.05

I:2,21|-I

o®o dn >

LDK A

FL»= 0.147, p>0.05
Fl,22: 0582, p>005
F.22=5.939, 0.01>p>0.001
F.2.=1.583, p>0.05
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3.5.4 Effect of chlortetracycline on Cant&glucose content
The carbohydrate content of the flies were quantified, the carbohydrate sources that

were analysed were glucose, trehalose aigtcogen. On average, the glucose content of
the flies ranged from 4.2 ug Table: 3.13) The glucose content of male and female flies
was approximately 60% greater in flies reaweith egg dechorionatiorexcluding the flies

also reared with 300 pg ml Chlortetracycline also promoted the quantity of free
glucosestill there was only approximately a 40% increase. This result suggests that in the
presence of bacteria, free glucose levels are depressed, chlortetracycline does not
eliminate all of the beteria and therefore the effect is less pronounced. The flies with
dechorionation and reared on 3Q@y mI* of chlortetracycline did have a lower quantity

of glucose,but this could be the result of a buiddp effect of a high concentration of

chlortetracycline on a fly with an already depletgait microbiota.

Table: 3.13.The glucose contentof control flies and flies derived from ddwrionated
eggs treated with @300 pg mi* of chlortetracyclineand ANCOVA statistical analysis
number of replicates= 5(Methods Chager; Section: 2.5.4page 49.

Chlortetracycline concentration Glucose content (ug) per fly
(Mg mll) Meanzs.e. (n=5, exceptn=3 # n=4)

Males Females

Control Dechorionation | Control Dechorionation
0 49+0.4 8.3+0.6 7.9+0.5 123+0.8#
50 5.1+£0.3 8.6+£0.6 8.1+0.4 13.5+1.3
300 6.7+0.3 5.0x05* 10.7+1.1 49+0.3
ANQOVA
Wing area covariate Fi21= 0.249, p>0.05 Fi20= 5.830, p<0.05
Dechorionation Fi.1=18.441, p<0.001 Fi20=1.279, p>0.05
Chloretracycline F21=1.943, p>0.05 F220=5.363, p<0.05
ChlortetracyclineDechorionation | F, ;= 15.727, p<0.001 F20=36.873, p8.001
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3.5.5 Effect of chlortetracycline on Cant&trehalose content
On average the trehalose content of the flies rangeahT 4-14 g Table: 3.14) In male

flies chlortetracycline treatment appeared to increase the trehalose content of the flies
by approximately 30 percent. Again, this supports the theory suggested for thesgluco
data that the bacteria utilis the sugar ad therefore deplete levels within the fly.
However, the same pattern was not observed watpg dechorionationa reduction was
actually observed at 0 and 50 pg hof chlortetracycline. In female flies the same
pattern was observed as with male fliesAn increase in free trehalose for the
chlortetracycline treated flies was demonstrated, this increase was substantial with up to
a 3 fold change. In female flies widgg dechorionationan increase was also observed
and at a similar quantity as the treaent with 300 ug mt (a concentration of antibiotic

whichdepletes most of the bacteria).

Table: 3.14 Thetrehalose content of control flies and flies derived from ddwrionated
eggs treated with @300 pg mi* of chlortetracyclineand ANCOVA statisticanalysis
number of replicates= 5(Methods ChapterSection: 2.5.4page 47.

Chlortetracycline concentration Trehalose content (ug) per fly
(Mg mll) Meanzs.e. (n=5, exceptn=3 # n=4)

Males Females

Control Dechorionation | Control Dechorionation
0 55+0.4 41+0.7 43+0.4 12.1+2.0#
50 6.3£0.6 20+1.4 7.8+1.3 11.3+1.2
300 7.2+1.0 6.1+0.7* 11.8+0.8 14.1+1.3*
ANQOVA
Wing area covariate Fi 2= 0.401, p>O5 Fi20= 1.324, p>0.05
Dechorionation Fi21=9.035, p<0.01 Fi20=22.962, p<0.001
Chloretracycline F>01= 3.766, p<0.05 R 20= 4.332, p<0.05
Chlortetracycline*Dechorionation | F, ;= 2.096, p>0.05 F20= 1.692, p>0.05

79



3.5.6Effect of chlortetracycline on Cante® glycogen content

The final carbohydratehat was quantified was glycogen. On average theoggn
content of the flies was 22 pg Table: 3.15) In male flies there was no distinct trend,
there was no significant difference between flies with and withegty dechorionation
However, there was significant difference in glycogen levels of chlortetracycline treated
flies at 300 pg mi where a 30% increase was observed. The flies withegy
dechorionationhad a greater quantity ofglycogen level€omparedto the control flies,

but this was not significant (p>0.05). tA50 pg mf- of chlortetracycline with
dechorionation,the glyogen levels were approximately0% greater. This result was
supported by the statistical significance of the interaction betwegy dechorionation
and chlortetracyclie. In female flies, a more distinct trend was observed where female
flies on high concentrations of chlortetracycline (300 pgY)miand with egg
dechorionationhad a significantly greater quantity of glycogen. A320% increase was
observed in females @¢ated with chlortetracycline and reared withoutegg
dechorionation Female flies reared withowtgg dechorionatiorand in the presence of
chlortetracycline had a much greater quantity of glycogen compared wotttrol with
chlortetracycline; therefore aignificant interaction betweenegg dechorionationand

chlortetracycline was observed.

Table: 3.15Theglycogen contentof control flies and flies derived from ddwrionated
eggs treated with @300 pg mi* of chlortetracyclineand ANCOVA statistical anais
number of replicates= 5(Methods ChapterSection: 2.5.4page 47.

Chlortetracycline concentration Glycogen content (ug) per fly

(Mg mll) Mean = s.e. (n=5, exceph=3 # n=4)

Males Females

Control Dechorionation | Control Dechorionation
0 5.5+0.7 | 7.0+0.3 7.0+0.3 8.6+1.1*
50 41+03|86+1.0# 6.7+1.1 10.1+0.5#
300 7.3+1.0 | 6.9+0.4* 10.2+1.1 22.2+3.9*
ANOVA

Wing area covariate
Dechorionation
Chlortetracycline
ChlortetracyclineDBechorionation

F120= 0.205, p>0.05
Fi20=2.603, p>0.05
F2,20= 8.274, p<001
F2’20= 4113, p<005

F18= 0.230, p>0.05
F18= 14.501, p<0.01
F2,18: 10074, p<001
F2'18= 5.256, p<005
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3.6 Respirometry analysiwith chlortetracycline treatmerdndegg
dechorionationreared on theYork diet
Respirometry analysis was conducted with male and female Ceéht@ared on the York

diet, the 2factor experiment involved; chlorteracycline and dechorionation. The
respirometry analysis involved the quantification of oxygen consumption, cadimade
production and from these values the repiratory quotient (RQ) valuey/(@P was

calculated.

In male fliesthe mean oxygen consumption varied from 0465089 pl per minutewith
the control flies consuming the greatest oxygen volume per minifgure: 3.6a) Carbon
dioxide production varied from 0.68.10 pl per minute, again witbontrol flies producing
the greatest volumgFigure: 3.6a) The respiratory quotient varied from 11677, with
the greatest RQ value with flies derived from dechoaitetl eggs treated with 300 pg
chlortetracycling(Figure: 3.7a)

In female flieghe oxygen consumption was greater than with male flies which would be
expcted as female flies were greater in size. As with male flies the greatest oxygen
consumption was observed withcontrol flies, the oxygen consumption across all
treatments varied from 0.1-0.18 pl per minute (Figure: 3.hbCarbon dioxide production
varied from 0.16€0.16 ul per minute, again witltontrol flies producing the greatest
volume (Figure3.6b). The respiratory quotient for females, varied from G101 with

the greatest RQ value with flies derived from dechorionated eggs treated with 50 g ml

chlortetracycline (Figure: 3.7b

Analysis of covariance was conducted with oxygen consumptiarbon dioxide

production and RQ values with the wing area as the covariate.

Statistical analysis of the oxygen consumption for male and female flies showed that wing
area did not differ significantly between the treatmentsF (¢s = 0.118, p>0.05).
Chlortetracycline (5= 2.219, p>0.05) did not have a significarfiteet on the oxygen
consumptionbut dechorionation did (F 5= 3.894, p=0.05). Sex did have a significant
effect on the oxygen consumption values @=4.240, p<0.05) with femat consuming
more oxygen than male flies. The interactions of dechorionation*chlortetracycline

treatment also had a significant effect on the oxygen consumpfiierss= 3.724, p<0.05)
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with dechorionation and treatment wits0 pg mt chlortetracycline émale flies having a
greater consumption compared withcontrol flies treated with 50 pg i
chlortetracycline. The interactions of sex*chlortetracycline, sex*dechorionation,

sex*dechorionation*chlortetracycline did not have a significant vdkigure:3.6).

The grapk in Figure: 3.8uggests that oxygen consummti was significantly decreased
with chlortetracycline treatmentrni comparison to control flies, therefore a separate
analysis was conducted with the values gained for chlortetracycline treateldcontrol

flies only. An analysis of covariance demonstrate that wing area was not significantly
different (R, 40 = 0.442, p®.05. Chlortetracycline treatment significantly impacted
oxygen consumption/, 40=9.157, p<0.01). The same observaticaswadein male and
female flies I, 40 = 1.054, p®.05), yet there was a significant difference in oxygen
consumption between the 2 sexes (10=6.37Q p<0.05).

Analysis of carbon dioxide production of male and female flies, showed that wing area did
not differ significantly between the treatmentsH(es=2.219, p>0.05). Chlortetracycline

(Fs, 66=1.040, p>0.05) and dechorionation (§5=0.816, p>0.05) did not have a significant
effect on the carbon dioxide production. Sex also did not hasigmificant effect on the
carbon dioxide production values;(k=0.097, p>0.8). As with oxygen consumptione
interactions of dechorionation*chlortetracycline treatment did also have a significant
effect on the carbon dioxide productioff,, ¢s= 4.244, p<0.05) with dechorionation and
treatment with 50 pg mi* chlortetracycline of female flies having a greater consumption
than control flies treated with 50 ug ril chlortetracycline. The interactions of
sex*chlortetracycline, sex*dechorionation, geechorionation*chlortetracycline did not

have a significant valué&igure: 3..

Againthe grapts in Figure: 3.8uggests that carbon dioxide production was significantly
decreasedwith chlortetracycline treatmenin comparison to control flies. Once aga
separate analysis was conducted with the values gained for chlortetracycline treated and
control flies only. ANCOVA statistical analysis demonstrated that wing area was not
significantly different & 41 = 1.404, p®.05. Chlortetracycline treatmensignificantly
impacted carbon dioxide productior( 41=5.125, p<0.05). The same observation was
observed in male and female flie, (41 = 1.269, p®.05 and there was no significant

difference between the 2 sexeB;(,,=0.021, p®.05.
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For the RQ data for male and female flies, wing area was not significantly different
between the different treatmentsH, 4= 1.483, p>0.05). Chlortetracycline (&=1.208,
p>0.05) and dechorionation {F4=2.239, p>0.05) both did not have a significaffect

on the RQ values. However, sex did have a significant effect on the RQ valygs (F
4.587, p<0.05) with females having a lower RQ value than male flies. The interactions of
dechorionation*sex,  dechorionation*chlortetracycline,  sex*chlortetralaye  and
sex*dechorionation*chlortetracycline all had significant values exceeding the critical

value of 0.05Kigure: 3.7.
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Wing Area F 65=0.118, p>0.05 F. 66=2.219, p>0.05

Chlortetracydhe

FZ, 65— 2219, p>005

sz 66— 1040, p>005

Dechorionation

F]_’ 65— 3894, p:005

Fl, 66— 0816, p>005

Sex

F]_’ 65— 4240, p<005

Fl, 66— 0097, p>005

Dechorionation*Chlortetracycline

F> 65=3.724, p<0.05

P> 66=4.244, p<0.05
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FZ, 65— 0347, p>005

Fz’ 66=0.139, p>005
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F. 6s=0.490, p>0.05

F., 66=0.032, p>0.05

Sex*Dechorionation*Chlortetracycling

F,, 65=0.286, p>0.05
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Figure: 3.6. @consumption and C@production of male (a) and female (b) flies treated
with chlortetracycline and dehorionation with ANGCOVA analysisNumber of replicates

= @ntrol male flies: 10 Otet, 8 50tet, 11 300tet; Kle flies derived from dechorionated

eggs 6 Otet, 7 50tet, 3 300tet; Controldmale flies: 5 Otet, 3 50tet, 9 300tet; Female flies
derived from dechorionated egg$ Otet, 4 50tet, 3 300tet Methods ChapterSection:

2.6, page 48
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DechorionatioriSex F 6 =0.012, p>0.05
Dedhorionation*Chloretracycline F, ¢, =1.281, p>0.05
Sex* Chlortetracycline F, 6, =0.529, p>0.05
Dechorionation*Sex*Chlortetracycline F, 62 =1.259, p>0.05

Figure: 3.7RQ values of male (a) and female (b) flies treated with chlortetracyclind an
dechorionation with  ANOVA analysisasnd ANOVA tatistical analysis Number of

replicates = Control male flies: 10 Otet, 8 50tet, 11 300tet; Male flies derived from
dechorionated eggs6 Otet, 7 50tet, 3 300tet; Control female flies: 5 Otet, 3 50tet, 9
300tet; Female flies derived from dechorionated eggs: 5 Otet, 4 50tet, 3 300tet

Methods ChapterSection: 2.6 page 48
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3.7The impacts of chlortetracyclirend egg dechorionatioan CantonS

reared onahigh and low nutrientliet

The survival to pupae wittiies reared on the high nutrient diet supplemented witfb00

ng mit of chlortetracycline ranged from 842%, with the survival to pupae not
significantly affected by the treatment with chlortetracyclifigruskalwallis:Hs = 5.854,
p>0.05) (Figure: 3)8 However, the survival to adiood with flies reared on the high
nutrient diet supplemented with 600 pg mif ranged from 757%. The lowest survival
was at the high concentrations of chlortetracycline of D pg mif with a survival of 7
8%. Ths result suggests that the mortality occurred at the pupal stage as the survival to
pupae was 88B6% at 30600 pg mf compared to 7% survival to adulthood.
Therefore, 7879% mortality had occurred at the pupal stagehis difference with
chlortetracydine treatment on the survival to adulthood was shown to be significantly
different (KruskaWallis:Hs = 38.204, p<0.001).
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Figure: 3.8. Percent survival from egg of CantBnreared on the high nutrient diet
supplemented with0-500 pg mf* of chlortetracycline, number of replicates= 12 with 10

eggs per replicatéMethods ChapterSection: 2.3.2.1page 40.

A different response was olesved with flies reared on the low nutriertiet compared
with those on the high nutrient diet. The survival of the dlito pupae on a diet
supplemented with0-500 pg mif of chlortetracycline varied from 83% to 55%, with a
significantly lower survival at 100 and 300 pg'rof chlortetracycline of 55% and6%,
respectively compared with5B6 with control fliegKruskaWalis: Hg = 16.138, p<0.05)

(Figure: 3.9 The survival to adulthood ranged from-81%, a greater survival compared
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with the high nutrient diet but still with a significantly lower survival at B0 pg mif
chlortetracyclineof 48-52% compared with condt flies with a 71% survivaK{uskal

Wallis:Hs = 23.043, p<0.01).
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Figure: 3.9 Percentsurvival from eggof CantonS reared on the low nutrient diet
supplemented with0-500 pg mf* of chlortetracycline,number of replicates= 12 with 10

eggs per repliate (Methods ChapterSection: 2.3.2.1page 40.

Alongside the experiment with chlortetracycline treatment, bacteria depletion was also
conducted via egg dechorionation. The survival to pupae and adulthood of these flies
was compared witltontrol flieson the high and low nutrient diets. The survival to pupae

of control flies reared on the high nutrient dietvas higher than flies derived from
dechorionated eggs of 84% and 69% respectiwaythis difference was not significant
(Mann Whitney U: Z =-1.267, p>0.05). The survival to adulthood was lower for both
treatments, with a 57% and 39% survival tmntrol and dechorionation respectively.
Again there wasno significant difference between the two treatments §h Whitney U:

Z; =-1.334, p>0.05) as doserved (Figure: 3.0
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Figure: 3.10. The perce survival of control and flieslerived fromeggdechorionation
on the high nutrient diet number of replicates= 12 with 10 eggs per replicai@®lethods

Chapter;Section: 2.3.2.1page 40.

Flies reaed on the low nutrient diet had a lower survival to pupae compared with the
high nutrient diet but did have a higher survival to adulthood. The survival to pupae of
control flies and with dechorionation was 75% and 64% respectively, this difference was
found not to be significantly differenfMann Whitney U: 4 = -1.445, p>0.05) (Figure:
3.11). The survival of the flies to adulthood wa$% forcontrol flies and 66% with
dechorionation. Again, statistical analysis showed that there was no significkaredife
between the survival ofontrolflies and witheggdechorionation MannWhitney U: Z =-
0.874, p>0.05) (Figure: 311
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Figure: 3.11The percent survival of control and flies derived frosggdechorionation
on the low nutrient diet, number of replicates= 12 with 10 eggs per replicai®ethods

Chapter;Section: 2.3.2.1page 40.
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3.8Impact of chlortetracycline obrosophilamicrobiota

3.8.1 Impact of chlortetracycline oRrosophilamicrobiota (OregofRS)
Antibiotic treatment was shown to havenaffect on the development dbrosophila.To

determine whether this was in fact due to the removal of bacteria in the flies, larvae were

sampled from each treatment and platedtomutrient agar plates.

This experiment showed a clear difference in baelecbntent inthe larvae treated with
50-500 pg mif* chlortetracycline. Even though there were still bacteria present on these
plates they were present at a lower number (Table: 3.16). Larvae treated at lower
concentration of chlortetracycline had a greateumber of bacteria present across the
entire agar plate with the number of colony forming units™naf homogenate ranging
from 26 to 1632 33=6393.36, p8.05)( Table: 3.16).

Table: 3.16.The Colony Forming UnitéCFUs)f the culturable bacteria foundin 3¢
instar larvae reared on0-500 pg mift chlortetracycline with Ch? analysis (Methods

Chapter;Section: 24.1, page 4R

Concentration of chlortetracycline (ug ™l | Number of colony forming units pef“3nstar
larva (22 replicates per treatment).

0 490

1 26,424

10 1632

50 0;8

100 1:4

300 3;4

500 0;11

0%=6393.36, pe.05

To determine the culturable species of bacteria present in Ordg8n 16S rRNA gene
sequence analysis was conducted on 10 sampled colonies. BLAST analysis showed th
there were several sequences matching the sequence of the 16Sg&iAoffour main
bacterial species. These species wkeetobacillus plantarum, Lactobacillus pentosus,

Acetobacter pasteurianusnd Acetobacter pomoruniTable: 3.17).
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Table: 3.17. The bacterial identificatiolmf colonies sampled from OregeRS (with
number of sequencesnd the % sequence identity (Methods Chapter; Section: 2.8.2,

page 49)

Species Name NCBI Accession Numbe

Lactobacillus plantaruratrain HDRS1 16S ribosomal RNA gene, partial DQ141558.2
sequence (99%)

(5 forward sequences)
Lactobacillus plantam 16S rRNA gene, clone 6C4-086) AM157432.1
(5 reverse sequences)

Lactobacillus plantaruratrain ZDY128 16S ribosomal RNA gene, partial EU559599.1AB362758.1
sequenceg99%j Lactobacillus pentosugene for BS rRNA, partial sequence,
strain: NRIC 1837 (99%4) sequence)

Acetobacter pagurianusgene for 16S ribosomal RNA, complete sequence| AB499842.1
strain: SKU1108 (989%)

(4 forward/reverse sequences)
Acetobacter pomorurstrain EW816 16S ribosomal RNA gene, partial EU096229.1
sequence (9®9%)(3 forward/reverse sequences)

3.8.2 Identification ofWolbachiain OregonR and Cantoib
Tetracycline is often used to remoV&olbachiain laboratoryreared Drosophila(Fry and

Rand 2002) To identify whether this bacterium was presem the 2 strains of

DrosophilaOregorRS and Canton $)diagnostic PCR was conducted.

The results suggest Oreg®tt and Cante8 stains do not hav/olbachia this is shown
by the absence of a band at ~®0ase pairs (Figure: 3)12Thelsogenic (ISGstrain was

known to be infected withWolbachiaand was used as a positive control.

Figure: 3.12Wolbachiadetection usingPCRwater wasused as a negative control and
ISO (Isogenic) line as the positive contfbland at ~600 bp) Size detection usg 1kb
plus DNA ladder (Introgen). 100ng of DNA adde@ethods ChapterSection: 2.8.3

page 5).
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http://www.ncbi.nlm.nih.gov/nucleotide/194442161?report=genbank&log$=nucltop&blast_rank=1&RID=KNT933U901N
http://www.ncbi.nlm.nih.gov/nucleotide/82617073?report=genbank&log$=nucltop&blast_rank=1&RID=KNU4DNDU01N
http://www.ncbi.nlm.nih.gov/nucleotide/157907490?report=genbank&log$=nucltop&blast_rank=2&RID=KP058KAD014
http://www.ncbi.nlm.nih.gov/nucleotide/260590582?report=genbank&log$=nucltop&blast_rank=1&RID=KNVRTHKJ014
http://www.ncbi.nlm.nih.gov/nucleotide/158726392?report=genbank&log$=nucltop&blast_rank=1&RID=KNVM3FT001S


































































































































































































































































































































































































































































































































