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Abstract: Infection related studies in Drosophila melanogaster provide insight into both mechanisms of host
resistance and pathogens tolerance. The advantages of the fly as an experimental system include its genetic
tractability, short life span and the observable possibility and to quantitatively analyse behavioral responses. At
present ,research has been limited by the relatively few metrics that can be used to measure health and illness
during the course of infection. Here by, we explain the pleiotropic measurements of infection-related declines in
flies performance on two different assays. D. melanogaster are somewhat slower to recover from an induced
chill coma after fungal infection with Beauveria bassiana . Due to fungal infection, flies performance also gets
affected during a negative geotaxis assay, revealing a decrease in their behavioral response. In addition, to
provide new advancements for assessing health, these non-lethal assays also suggest many pathological
consequences and also up and downs of metabolic that may occur over the entire course of an infection.
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I.  Introduction

All organisms need to defend themselves against pathogens, parasites and other natural enemies, and
investment in defense is a significant component of the life history strategy of most animals and plants [1,2].
Infection can impact the health of an organism in complex ways. Direct damage to the host caused by
pathogenic toxins, damage to host tissue resulting from immune effectors, and the energetic expense of
responding to an infection are all known to affect the health of a host [3,4,5,6]. Specifically, D.melanogaster
possess thermo sensitivity (the ability to detect temperature change), allowing individuals to seek out desirable
habitat [7,8] note that the strength of thermo sensitivity a species elicits is dependent on the species surrounding
environment. Surviving an infection requires both resistance, the ability to limit pathogen burden, and tolerance,
the ability to minimize the impact a pathogen has on fitness [3,9,10].Also,insects have evolved a range of
molecular adaptations to cope with seasonal exposure to stressful (high or low) temperatures [11].

Understanding the various pathways mediating resistance and tolerance allows for better development
of interventions that focus on the maintenance of health throughout an infection. However, dissecting the
mechanisms that determine the balance of eliminating pathogens and the damage and energetic cost of mounting
that immunological response requires metrics that move beyond survival and allow assessment of health during
infection.

Work with the model organism Drosophila melanogaster has provided important insights into the
roles of different molecular pathways involved in immunity[12,13,14]. D. melanogaster provides a genetically
tractable system where a large numbers of replicates can be assessed while still being a whole organism system
with biological complexity. Additionally, a relationship between infection, immunity, and reproductive fitness
in insects has been well established. In environments where nutrients are limited, there is a negative correlation
between female fecundity and resistance to bacterial infection in D. melanogaster [15]. Additionally, immune
challenged females not only have fewer offspring, but those offspring also have shorter lifespans compared to
the offspring of unchallenged female D. melanogaster [16]. The molecular mechanisms behind recovery from
cold stress are complex and it seems that more genes/proteins are activated during the recovery phases than
during the period of the cold stress itself [17,18].

Here we report on two distinct assays that are not measures of natural declines in infection, but rather
measure the flie’s ability to recover from stress or react to stimuli. Such assays are commonly used in the field
of aging research in D.melanogaster, which has long been recognized that measures of both health span and
longevity are critical to understanding the biology of aging. We hypothesized that these metrics could also be
used to assess health during infection because D.melanogaster shows an age-related up-regulation of
inflammatory genes and expression patterns that characterize aging and the induction of an immune response in
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these animals are related [19]. Additionally,in aged flies as well,the wasting and loss of circadian rhythms
reported to occur during infection [20,21].

Here we show infection-related deficits for the two behavioral assays, chill coma recovery and negative
geotaxis.When low temperature exposures were given to insects, they enter into a reversible period of
immobility referred to as chill coma. While the physiological causes behind induction and recovery from this
coma are incompletely understood, the duration of time taken by D. melanogaster to be able to stand after
returning to the warmer temperature is altered by the animal’s environment prior to cold exposure, its energy
accumulation sites, and its age related consequences[22,23,24,25]. Negative geotaxis is the measure of how
quickly a fly is able to vertically climb after being tapped to the bottom of a vessel as part of its innate escape
response. Negative geotaxis is measured by either the climbed distance in a set time or the length of time it
takes an animal to climb a set distance. Negative geotactic ability has been shown to be sensitive to oxidative
stress, age related parameters, and previous exposure of cold, but not to fungal infection [26,27,28,29]. We
finally hypothesize that the changes in physiological parameters that causes performance deficits in both of
these pleiotropic assays are somehow affected by fungal infections, such that both assays can be used during
fungal infection to detect decreases in different health consequences.

I1. Materials and Methods

2.1 Collection and maintenance of flies

Drosophila species individuals will be collected along an altitudinal range (219m to 2202m) in a single
planned collection trip to avoid seasonal variations. Before collection, climatic and geographical data of 8 - 10
sites will be analyzed and 4-5 sites, which will be showing a clinal trend of T, and RH., will be selected.
Temperature of collection site will be noted down at the time of collection and the methodology of experiment
will be followed according to the temperature of collection site. Large and random samples will be made i.e. 3
or 4 places from same site. Agar-sugar food vials will be used for collection.Trap bait method and net sweeping
method will be used to procure a maximum number of flies of a particular species as well as different species
with minimum expenditure of time and material.

After identification of the naturally collected flies, males and females will be separated and isofemale
lines will be established with the wild caught females. Ten isofemale lines in three replicates per population will
be established. The experiments will be performed at 25 °C, 12 h L: D in a humidified incubator.

2.2 Preparation of fungal material

B. bassiana strain will be stored as a stock spore suspension (105 spores per ml) in 25% glycerol at
—80°C.Cultures will be generated from this stock by spreading 5ul of the solution onto Petri dishes with Potato
dextrose agar (PDA) and culturing for 3—4 weeks at 29+0.5°C. These plates will be then used to culture the next
set of Potato dextrose agar plates (inoculated by streaking with a nichrome wire loop), which when mature (after
3-4 weeks) will be used in the experiments. Before use, to make sure the fungus colonies are mature and
sporulating, samples from all plates will be examined under a microscope.

2.3 Infection mode

Natural infection by entomopathogenic fungi. Anesthetized flies were shaken for a few minutes in a
petri dish containing a sporulating fungal culture. Flies covered by spores were then removed to fresh
Drosophila medium and incubated at 25°C. Fungi are important insect pathogens and spores of some
entomopathogenic species such as B. bassiana can sporulate on the cuticle and produce chitinases and proteases
to penetrate the insect.

In this study, we infected Drosophila melanogaster adults on sex basis aged 3-4 days at 25°C.Natural
infection was initiated by shaking anesthetized flies in a petridish containing a sporulating culture of Beauveria
bassiana was incubated at 25°C for required time period.

2.4 Chill Coma Recovery

Every day a new group of infected and control flies were transferred to clean glass vials (50 flies per vial)
without anesthesia around noon and placed for three hours in melting ice in a bucket to induce chill coma. After
that in a large petri plate flies were kept. A timer was started once the flies were placed in petriplates and only
those flies were considered recovered only when they were able to stand on their legs.It should be noted that a
single set of flies was not used throughout the course of infection experiment due to the reported effect of
exposure to cold on longevity and immunity [30,31].Calculation is done by taking mean and standard deviation
respectively.
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2.5 Negative Geotaxis

Negative geotaxis is a frequently wused index of locomotor behavior in flies
[32,28,33,34,35,36,37,38,39,40] . Additionally, the negative geotaxis assay was performed in a manner similar
to that published by [39]. 50 infected and 50 control flies were transferred once a day in the early afternoon
without anesthesia into 10 cm tall clean glass vials.The glass vials were placed in a rectangular frame to keep
them upright and put in front of a light box at room temperature in a chamber kept between 50% and 60%
humidity. Waited for ten minutes so that all flies after transfer become fully awake and active. Individuals that
did not become active were removed after waiting for an additional five minutes. After the vial was tapped three
times and climbing time was recorded by a stop watch as 10 sec,30 sec, 60 sec post startle. All work was done
on sex basis. Flies were then transferred without anesthesia back into their rearing vial.

I11. Results
3.1 Infection impairs chill coma recovery
Beauveria bassiana infection impairs chill coma recovery. Experiments were done on D. melanogaster
that have previously been reported to undergo infection-related changes in circadian rhythms, display sickness
induced anorexia, and have revealed different infection-dependent and background-dependent resistance and
tolerance mechanism [41,42 unpublished observation].To measure chill coma recovery, flies were placed on ice
for three hours to induce a chill coma. Flies were then returned to room temperature and monitored for recovery
as determined by their ability to stand on their legs. Both fungal infected flies showed delay in time to recover.
Male flies recovered late in control as well as in infected flies.
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Figure 1 Effect of B. bassiana infection on the mean CCRT (chill coma recovery time) of D. melanogaster
collected from three different sites (Rohtak, Solan and Shimla) at 25°C.Values are expressed as mean + SD
(N=50).

3.2 Infection declines in negative geotaxis

Flies showed declines in the height climbed at 10 sec, 30 sec and 60 sec post-startle during infection as
compared to control. Comparison of the data by infected versus control flies showed overall significant
differences. After infection flies locomotory ability was decreased and they took more time to cover the required
distance.
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Figure 2(a) B.bassiana infection impairs climbing ability of D.melanogaster of Shimla female flies,time
interval in seconds (10sec,30 sec and 60 sec), (N=50)
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Figure 2(b) B.bassiana infection impairs climbing ability of D.melanogaster of Shimla male flies,time interval
in seconds (10sec,30 sec and 60 sec), (N=50)
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Figure 2(c) B.bassiana infection impairs climbing ability of D.melanogaster of Solan female flies,time interval
in seconds (10sec,30 sec and 60 sec), (N=50)
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Figure 2(d) B.bassiana infection impairs climbing ability of D.melanogaster of Solan male flies,time interval
in seconds (10sec,30 sec and 60 sec), (N=50)
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Figure 2(e) B.bassiana infection impairs climbing ability of D.melanogaster of Rohtak female flies,time
interval in seconds (10sec,30 sec and 60 sec), (N=50)
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Figure 2(f) B.bassiana infection impairs climbing ability of D.melanogaster of Rohtak male flies,time interval
in seconds (10sec,30 sec and 60 sec), (N=50)

IV. Discussion

Chill coma temperature for cold tolerance and distribution has been used in many studies and has been
shown to be a good proxy. Earlier methods generally relied on behavioural criteria, defining chill-coma
temperature at which the animals became motionless, unresponsive to stimulation, or fell over because they had
lost control over the righting reflex. Drosophila melanogaster, the fruit fly, has been used to study molecular
mechanisms of a wide range of human diseases such as cancer, cardiovascular disease and various neurological
diseases [43].These behavioral assays are widely applicable for studying the role of genetic and environmental
factors on fly behavior. Here we demonstrate a significant impairment in chill coma recovery during Beauveria
bassiana infection. Chill coma recovery is a process that is known to have both genetic and environmental
influences [44].

In certain insects including D. melanogaster, it has been shown that expression of immune response
genes are increased in response to long term or repeated exposure to cold suggesting potential shared responses
to cold and infection [45,46].Similarly,the genes that are up-regulated during infection were also resulted in up-
regulation of more general stress response genes after chill coma recovery assay.The heat shock proteins,
particularly Hsp70, when upregulated is known to be of functional importance in response to both stresses
[47,48,49], suggesting some shared protective mechanisms. The Frost gene likewise plays a significant role in
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chill coma recovery [47] and is known to be up-regulated during infection [50].These may highlight the
importance of protection against cellular damage to survival of each of these stresses. The combined impact of
chill and infections may overwhelm the protective mechanisms of these flies, resulting in delayed chill coma
recovery or even damage resulting in death. It is also likely that relationship between the physiology of infection
and delayed chill coma recovery is due to the metabolic changes that occur during infection. Mounting an
immune response is known to have an energetic cost, hypothesized to result in trade offs between immunity and
response to other stresses [51,52,53]. Increase in chill coma recovery time during infection may be contributed
by insufficient energy stores.

Decline in negative geotactic ability, was also measured by how high a fly climbs in 10s post startle, in
control and infected flies. In cold hardening lifespan and immunity is mainly affected [54] whereas an advantage
of negative geotaxis assay is that the same set of flies were possibly used throughout the course of an infection.
Hereby, both chill coma recovery and negative geotaxis could be useful in understanding the time course and
degree to which different infections alter health in different genetic backgrounds of D. melanogaster. In addition
to provide new measures for assessing health, these assays also suggest different pathological consequences of
and metabolic up and downs that may occur over the course of an infection. Overall in brief, we can say that
measures of health using these non-lethal behavioral assays may provide further insight into the mechanisms by
which this model organism is able to maintain good health in facing of infections.

V. Conclusion
We demonstrated that how both chill coma recovery and negative geotaxis could be useful in deep
understanding the time duration and different infections duration degree that results in structural changes of
health in different genetic backgrounds of D. melanogaster. Health measurements using these pleiotropic assays
may further provides different measures that how an organism behaves and shows its leverage after fungal
infection.
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