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Summary

Drosophila is a genetically tractable system ideal for investigating the mechanisms of aging and
developing interventions for promoting healthy aging. Here we describe methods commonly used
in Drosophila aging research. These include basic approaches for preparation of diets and
measurements of lifespan, food intake and reproductive output. We also describe some commonly
used assays to measure changes in physiological and behavioral functions of Drosophila in aging,
such as stress resistance and locomotor activity.
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1. Introduction

Drosophila melanogaster is a widely used model organism that has distinct advantages in
aging research, including short lifespan (mean lifespan, 2-3 months), low maintenance
requirements, rich genetic resource and ease to perform genetic manipulation (1). More
importantly, the Drosophila genome is fully sequenced with more than 50% of fly genes
having homologs in humans (2,3). Moreover, more than 75% of known human disease
genes, covering a broad range of disorders, have fly homologs (4). These features make
Drosophila an ideal model organism for studying the mechanisms of aging and for
developing effective aging interventions, which are relevant to aging research in humans.

Lifespan measurement is the basic method used to determine the effects of genetic and
nongenetic factors involved in aging (5). A number of issues need to be carefully considered
to avoid artifacts or confounds that may cause misinterpretation of the results when
conducting lifespan studies. First, genetic background and control lines must be taken into
consideration in order to minimize inbreeding depression and heterosis effects on lifespan
(6,7). A number of genetic approaches have been developed to generate mutations and
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manipulate gene expression for aging research in Drosophila, which include insertion
mutagenesis by P-element, gene expression alterations by the Gal4-UAS system, inducible
gene expression by the gene-switch-Gal4 (GSG)-UAS system, and gene knockdown by
RNA interference (RNAI) (8,9). These approaches are instrumental in investigating
molecular mechanisms of aging, such as identifying single genes that are involved in
modulating lifespan. For examples, methuselah (mth) is the first gene that has been found to
increase Drosophila lifespan when mutated by a P-element insertion (10). In genetic studies,
however, genetic backgrounds may mask or exaggerate any differences in lifespan between
mutant and control animals. To reduce the undesirable effects of genetic backgrounds,
experimental lines should be backcrossed for more than five generations to an appropriate
wild type control line. Commonly used control lines include Canton S Oregon R, Dahomey,
yw and w118 When possible, one should use the GSG-UAS system, which allows for
conditionally altering gene expression in a temporal and/or tissue specific manner by the
compound RU486 added to the food (8). By using this approach, control and mutant flies
have the same genetic background and differ only in the food that they are fed. More
importantly, the GSG-UAS system can be used to induce changes in gene expression in
adult flies, which allows for bypassing any interference or possible lethality effect caused by
a mutation during developmental stages.

Second, aging is modulated by both genetic and environmental factors. Diet is a major
environmental factor that has a huge impact on lifespan in Drosophila and many other
species (11). Two commonly used diets in Drosophila lifespan studies are based on
cornmeal and sugar-yeast extract (SY) diets. Diet composition is a critical determinant of
lifespan (11). This notion has been confirmed by numerous dietary restriction studies.
Dietary restriction (DR) by diluting all or specific nutrients in the diet has been shown to
extend lifespan in many species, ranging from yeast, worms, flies, rodents and primates
(12). The importance of diet composition has been further demonstrated in recent nutritional
geometric studies, which employ diets with various amounts of sugar and yeast extract to
show that the carbohydrate-to-protein (C:P) ratio is more critical than single nutrients in
determining lifespan in flies (13,14). For example, Lee et al. reported that Drosophila has an
optimal mean lifespan on the SY diet with the C:P ratio at 16:1 (13). Yeast extract is the
only protein source in SY diets.

Third, food intake should be carried out along with lifespan measurements considering the
impact of nutrient intake on lifespan. The purpose of measuring food intake is to determine
whether any genetic manipulation or aging intervention affects lifespan by directly
influencing aging processes or indirectly through affecting food intake. Two major methods
have been widely used to measure food intake in Drosophila. One is the indirect method,
which estimates food uptake by measuring the uptake of a dye or radioactive tracer added in
the food (15-17). The second method is to directly measure the amount of liquid food
consumed by flies using a capillary feeder (CAFE) (18).

Only after carefully considering the confounding factors in lifespan measurements can one
start to investigate the mechanisms of aging and develop effective aging interventions. A
number of physiological, biochemical and behavioral assays are routinely conducted in these
studies. One commonly conducted physiological assay is to measure flies’ resistance to

Methods Mol Biol. Author manuscript; available in PMC 2015 November 30.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sunetal.

Page 3

various stressors, such as oxidative stress, starvation, heat or cold shock and desiccation.
Lifespan and stress response are often closely associated, and long-lived populations tend to
be more stress resistant (19,20). The free radical theory of aging proposes that cumulative
damage to biological macromolecules by reactive oxygen species (ROS) leads to irreversible
cell damage and an overall functional decline with age (21). Oxidative stress resistance is
typically measured by feeding flies paraquat (N, N’-dimethyl-4, 4’-bipyridinium dichloride),
which produces various ROS upon ingestion and consequently induces oxidative damage
(22). Starvation resistance measurement is the evaluation of the ability of flies to deal with
an energy shortage, an event that often occurs in real life environments. Due to the central
role of energy for organisms, improving starvation resistance could be one of the
mechanisms that play a role in lifespan extension. Starvation assay is typically performed by
measuring the survival of adult flies on water only (23). However, longevity is not
necessarily tightly correlated with resistance to oxidative stress and starvation resistance.
The free radical hypothesis of aging has been challenged by numerous studies showing that
animals with higher levels of oxidative damage do not necessarily have shorter lifespan than
controls (24). Moreover, long-lived animals including flies show no difference and even
sometimes display a decrease in resistance to oxidative stress and starvation (25-28).

The second lifespan-related physiological assay is to measure lifetime reproductive output.
The “cost of reproduction” concept in aging argues for a negative correlation between
reproductive output and survival due to a ‘trade-off’ in life history traits (29-32). In
Drosophila, long-lived flies tend to decrease early reproduction (33), while selection for late
life reproduction often identify lines with increased life span (34,35). In addition, sterile flies
tend to live longer than their fertile controls (36,37), and long-lived mutants have reduced
fecundity or fertility (31). Methods to assess reproductive output include measuring lifetime
egg production in once-mated females or progeny number from the mating of females and
males.

The third and perhaps most important lifespan-related assay is to assess healthspan.
Although the precise definition of healthspan is still controversial, one healthspan parameter
is locomotor activity, which can be used to assess changes in an animal’s mobility, circadian
rhythm, sleep patterns and even cognitive function in aging (38). The connection between
locomotor activity and aging has been well established. For example, aging is associated
with a gradual decline in locomotor activities in almost all species tested so far (38-40).
Two methods for assessment of locomotor behaviors are commonly employed in Drosophila
aging studies. One is the rapid iterative negative geotaxis (RING) assay (Fig. 2), which tests
the climbing ability of adult flies (41,42). ‘Negative geotaxis’ refers to an innate escape
response elicited by mechanical stimulation, in which flies ascend the wall of a container
after being tapped to the bottom of the container. The climbing speed has been demonstrated
to decline with age in Drosophila. The other method used to measure locomotor activity
takes advantage of the Drosophila Activity Monitoring (DAM) System (43). Typically flies
are kept individually in sealed activity tubes placed in the DAM system, and the fly activity
is measured by the frequency of an “activity event”, which is recorded each time a fly breaks
an infrared light beam across the middle of the activity tube. The activity event data can be
used to analyze a wide range of behaviors, such as circadian rhythm, sleep pattern,
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hypoactivity and hyperactivity (44-46). Similar to humans, Drosophila experiences a
decline in sleep time with aging (47). With appropriate modifications, the DAM system is
also suitable for monitoring stimulation responses to stimuli, such as noise, vibration,
rotation, heat and chemicals (45,46,43). Besides the two relatively simple systems described
above, sophisticated video tracking systems have been developed to analyze various fly
behaviors, such as movement pattern and courting, which can be potentially used to measure
lifetime behavioral changes and locomotor activity related healthspan parameters (48,49).

In this review, we will describe some of the basic approaches for aging studies in
Drosophila (Fig. 1). We will cover methods to prepare foods and flies for lifespan
measurement, and protocols to assess stress resistance, reproductive output and locomotor
activity. Comprehensive mitochondrial assays can be found in a recent review (50). The
protocols described here are fundamental in investigating the mechanisms by which any
genetic factor, dietary intervention and other non-genetic factors influence healthspan and
lifespan.

2. Materials

2.1. Diet preparation

Yellow cornmeal

Agar

Active dry yeast (Baker’s yeast)

Dextrose (D-Glucose)

Sugar (Sucrose)

Yeast extract (enzymatic yeast hydrolysate)

Methyl 4-hydroxybenzoate (Tegosept; To make a 10% stock solution, add 86.4 g
Tegosept to 800 mL 70% ethanol)

Acid mix (Add distilled water to 836 mL propionic acid to bring the final volume to 1
liter. Add distilled water to 83 mL phosphoric acid to bring the final volume to 1 liter.
Mix the two diluted acid solutions to make a 2-liter acid mix.)

2.2. Strains and culture conditions

Fly strains are maintained on the cornmeal diet. For lifespan assays, flies are maintained at
25°C, 60-65% humidity and a 12 h light/12 hr dark cycle in a climate-controlled incubator.

2.3. Food Intake
FD&C Blue #1 dye

Spectrophotometer
Custom-made fly chamber (Fig. 2)
Calibrated 10-pl capillary
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2.4. Stress assays
Filter paper discs
Paraquat (Methyl viologen dichloride or 1,1’-dimethyl-4,4’-bipyridinium dichloride)

Sucrose

2.5. Locomotor Activity

RING apparatus
Digital camera

Drosophila Activity Monitor System

3. Methods

3.1. Cornmeal Food

Among many available recipes for cornmeal food, two most commonly used recipes are
based on those developed by the Lewis laboratory and the Lakovaara laboratory,
respectively (51,52). Detailed recipes can be found in the Bloomington Drosophila Stock
Center website (http://flystocks.bio.indiana.edu) (Bloomington, IN, USA). The following
procedure is based on the Lewis recipe, which is more commonly used in aging studies. The
Lewis recipe contains 17 L distilled water, 93 g agar, 1,716 g cornmeal, 310 g Baker’s
Yeast, 517 g sugar 1,033 g Dextrose and 200 mL acid mix, which results in approximately
18 L cornmeal food.

1. Dissolve 93 g agar in 13 L boiling water. (see Note 1)

2. Add 1,716 g cornmeal and 310 g active dry yeast slowly to the boiling agar while
mixing continuously to avoid clumps. Simmer for an hour while mixing
continuously.

3. Dissolve 517 g sucrose and 1,033 g dextrose in 4 L hot water and add to agar-
cornmeal-yeast slurry. Reduce heat and mix until homogenous.

4. Cool the food to 60-65°C before adding 200 mL acid mix and mix well.
5. Pour or dispense the food into vials or bottles. (see Note 1)

6. Cover vials or bottles in the tray with cheese cloth and dry overnight before
plugging.

1Adjust the total volume of the food to be prepared based on whether the cooking is done with an electric stove, steamer or electric
kettle. Adjust the amount of agar to achieve desirable and consistent texture of the cornmeal food (52). Additional cornmeal recipes
can be found on the Bloomington Stock Center website (www.flystock.bio.indiana.edu). The sugar and yeast extract portions of the
SY diets are cooked separately to minimize the brown reaction between sugar and protein, which damages protein and potentially
affects the survival of flies. Tegosept and other pharmacological and nutraceutical reagents should be added after the food is cooled
down to 60-65 °C to minimize heat-induced loss of activities. The SY diets used in aging studies are recommended to have 1.5% agar,
which provides appropriate texture for flies, based on studies by the Partridge lab (53). For dietary restriction studies, 8% cornmeal
can be added to the SY diets, which may minimize the confounding effect of water consumption on lifespan (58). Dispense 5-10 ml of
food per vial and 50 ml per 6 oz bottle. Cooked food can last up to a few weeks if stored at 4°C.
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3.2. Sugar-Yeast Extract (SY) Diet

The SY diets with desired amounts of sugar and yeast extract are made by mixing
appropriate volumes of the two base solutions, 20% (w/v) sugar and 20% (w/v) yeast
extract, both containing 1.5% (w/v) agar (53).

1

Add 200 g sugar and 15 g agar to 800 mL distilled water, and add 200 g yeast
extract and 15 g agar to 800 mL distilled water in autoclavable containers. (see
Note 1)

Place food containers in a boiling water bath for an hour (see Note 1). Also boil an
extra 500 mL water to be used in step 4.

Remaove sugar solution and yeast extract solution from the water bath and cool
them down to 60-65 °C before adding 20 mL tegosept to each solution. For aging
intervention studies, pharmacological and nutraceutical agents can be added to the
sugar solution at this step.

Add ~200 mL water to each solution to bring the final volume to one liter.

Mix proper amounts of sugar solution, yeast extract solution and water to achieve
desired sugar and yeast extract contents before pouring into vials or bottles to make
SY diets. For example, add equal amounts of sugar solution and yeast extract
solution together to make a SY diet with 10% sugar, 10% yeast extract and 1.5%
agar, which we refer to as the SY1:1 diet (see Note 1).

3.3. Lifespan Measurement

Fly cultures are performed at 25°C, 60-65% humidity and a 12 h light/12 h dark cycle in a
climate-controlled incubator. Proper control strains should be selected in each experiment
(see Note 2). The following procedure is based on the protocol using once-mated flies

(54,53).
1.

To prepare flies for lifespan experiments, put approximately 50 females and an
approximately equal number of males in each 6 0z bottle with cornmeal food (see
Note 2). Allow the parental flies to mate and lay eggs for 4-5 days before clearing
them out.

Check emerged flies after 10-14 days. Clear any flies that are eclosed on the first
day and then collect newly emerged adult flies daily for the next 3 days.

Transfer emerged flies of mixed sexes daily to 6 0z bottles with cornmeal food or a
SY diet, such as SY1:1, and let the flies mate for 24 h. Each bottle should have no
more than 200 flies. Record the birth date.

After mating, males and females are separated under light CO, anesthesia. Place 20
males or females in each vial with cornmeal food or the SY diet used in step 3. Set
up at least five vials as replicates for each lifespan assay (see Note 2).

2Age of parental flies should be less than one week and the density of eggs laid in each bottle should be kept between 100 and 200 to
minimize the developmental influence on adult lifespan. When sorting out flies for lifespan measurements, do not anesthetize flies for
more than 15 min under CO2 as this may result in brain damage or reduced lifespan. A minimum of 5 vials of flies (~ 100 flies) per
group should be used for each lifespan experiment to minimize the impact of sample size and obtain enough statistical power (59).
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After another 24 h, flies are transferred to fresh vials with cornmeal food or desired
SY diets.

Transfer flies into fresh vials every 2-3 days (or 3 times a week) and record the
number of dead flies at each transfer.

Analyze data with suitable software to calculate mean lifespan and standard error.
Plot survival curves by the Kaplan-Meier method and determine statistical
differences between groups for mean lifespan by the Mantel-Cox log rank test.

Age-dependent mortality rates can be calculated according to the Gompertz model
using the equation, m(t)=a*exp(b*t), where m(t) is the mortality rate at time t, a is
the age-independent mortality rate or the initial mortality rate and b is the age-
dependent mortality rate.

Maximum lifespan analysis is conducted on the longest-lived 10% of flies in each
treatment. p<0.05 is considered statistically significant.

3.4.1. Food tracer method—The method using FD&C blue #1 dye as the food tracer is
described here and food intake is quantified as uptake of the blue dye (17).

1.

Prepare the blue diet by mixing FD&C blue #1 dye to cooled cornmeal or SY food
to a final concentration of 0.5% and pouring 5 mL food to each vial.

Transfer 5 flies of 7-14 days old to each vial containing the blue diet. Age-matched
control flies are transferred to non-dyed food. Allow flies to feed for 30 min. Set up
5-6 vials as replicates for each treatment.

While waiting, dissolve 0.5 g dyed food in 15 mL distilled water. Prepare serial 2-
fold dilutions of the stock solution by 8-128 folds. After centrifuging at 12,000 g
for 2 min, measure the absorbance of dilutions at 625 nm to generate a standard
curve of the absorbance.

Transfer both experimental and control flies in each vial into a 1.5 mL eppendorf
tube and then snap freeze in liquid nitrogen (see Note 3).

Separate fly heads from the bodies by briefly vortexing the tube (see Note 3).

Collect and homogenize fly bodies in 200 pul distilled water with a plastic pestle and
then add 800 pl distilled water. Centrifuge at 12,000x g for 2 min.

Transfer 0.9 mL supernatant to a new tube and bring to a final volume of 1.5 ml
with distilled water, and centrifuge again for 2 min.

3The feeding period in the food tracer method is limited to approximately 30 min to ensure that the ingested dye is mostly, if not all,
retained in the fly. The food tracer method can be used for measuring food intake on the solid food. However, flies have to be
sacrificed in each measurement. This prevents longitudinal monitoring of food intake, such as days or lifetime of flies, which is
valuable for aging studies. The CAFE assay is suitable for such long-term studies, but only applies to liquid diet. Minimize the
presence of air bubbles to ensure the flow of the liquid in the capillary. It should be noted that it is still controversial whether feeding
the liquid food in the CAFE setup reflects the natural feeding environment of flies (17).
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Immediately measure the sample absorbance at 625 nm using a spectrophotometer
(see Note 3). The absorbance from control flies is used to correct for background
absorbance of flies.

Calculate food intake by using the net absorbance and the standard curve generated
in step 3.

3.4.2. CAFE method—The CAFE method described here is based on the protocol
published by Ja et al. with some madifications (18,55) (see Note 3).

1

10.

11

To make a fly chamber (Fig. 4.), cut a 15-mL plastic tube (1.5-cm diameter) to 2-
cm height from the end with cap, seal the open end with a nylon mesh, and poke a
hole of ~2 mm diameter in the cap to hold a 200 pl pipette tip.

Cut off 1-2 mm from the tip of a 200 pl pipette tip with a sharp blade. Make sure
the capillary can go through but not drop through it.

Add 1 mL water in each hole of a foam rack for 15-ml tubes, which typically has
5x5 holes and is used to house fly chambers.

Transfer one or two flies under light CO5 to each chamber and use a 200-ul pipette
tip to temporarily block the hole in the cap to prevent flies from escaping. Allow
flies to recover from CO2 anesthesia for at least 15 min.

Fill each calibrated 10-ul capillary with 2-3 mm mineral oil first for minimizing
food evaporation, and then with 20-30 mm liquid SY food without agar to ensure
that the food is dripped out when placed in the fly chamber. Wipe out any food
outside the capillary with tissue paper. Mark the food level on the capillary with a
marker pen as the starting volume.

Put the filled capillary through a cut 200-pul pipette tip with 2-3 mm of the capillary
over the pipette tip, and replace the empty tip on the chamber cap.

Load the CAFE chambers with flies and filled capillaries onto the foam rack with
water. Each rack should hold 8-12 chambers. Put the rack in an incubator at 25°C
and 70% humidity. Set up 8-16 chambers as replicates for each treatment.

Two capillaries with food are set up in separate chambers without flies and placed
in the foam rack to correct for evaporation.

After 24 h feeding, mark the food level on both feeding capillary and evaporation
controls. Food intake is recorded as the length of the two marks on the feeding
capillary subtracted from the average length of the two marks on evaporation
controls.

Convert the length to the volume of food based on calibration of the capillary. Each
5-mm length typically equals to 1 pl of liquid food when using the 10-pl capillary.

Repeat steps 5 to 10 with new capillaries to measure food intake for three
consecutive days.
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Food intake is calculated by averaging daily food consumption per fly over three
days.

3.5.1. Oxidative Stress Resistance—Oxidative stress resistance is based on flies’
resistance to paraquat feeding (56,10).

1
2.

Flies are prepared and aged for 7-14 days as described in 3.3.

Prepare paraquat vials by adding 600 pl 20 mM paraquat in 5% sucrose solution
into vials, each with 2-3 pieces of 22-mm filter discs (see Note 4).

Transfer 20 flies into each paraquat vial. 6-10 vials are set up as replicates for each
treatment.

Record the number of dead flies once every 12 h.

Transfer flies to fresh vials with the paraquat solution every 48 h.

3.5.2. Starvation assay—*Follow steps in 3.5.1. substituting the paraquat solution with
600 pl autoclaved water on filter discs.

3.6. Reproductive output

This protocol is used to measure the lifetime egg production of once-mated females (57)

(see Note 5).

1. Fly preparation follows steps 1-4 in 3.3.

2. Place five once-mated females in each vial on cornmeal or a desired SY diet. Set up
6-8 vials as replicates for each treatment.

3. Transfer flies daily to fresh food until all flies are dead.

4. Count the number of dead flies and eggs laid in old vials after each transfer (see
Note 5).

5. To calculate age-specific reproductive output, divide the total number of eggs
produced daily by the number of surviving flies.

6. To calculate the lifetime reproductive output, divide the total amount of eggs

produced by the total number of females used for the experiment.

3.7. Locomotor activity

3.7.1. Rapid Iterative Negative Geotaxis (RING) assay—The procedure is based on
the RING device and protocol described by Nicols et al.(42) (Fig. 3).

4For oxidative stress, adjust paraquat concentrations based on the sensitivity of control lines to oxidative stress in each experiment so
that approximately 50% of control flies still survive in day 2 on paraquat treatment. Most commonly used concentrations are 15-30

mM inf 5% sucrose solution.

Reproductive output can also be measured with mixed males and females by counting either egg production or the number of eclosed
flies. In reproductive output experiments with once-mated females, flies can be transferred to fresh vials every 2-3 days instead of
every day. However, to do so, one should be careful not to count any emerged larvae. Count the egg shells that the larvae leave behind

on the food for egg counting.
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Prepare flies following steps 1-5 in 3.3.

Transfer 20 flies without anesthesia to each new polystyrene vial and assemble
vials into the RING apparatus.

Allow flies to acclimate to the environment for 15-20 minutes.

Place a digital camera ~1 m away in front of the apparatus and focus the camera
onto the apparatus, and set a timer to 3 seconds.

Sharply tap the apparatus down on the bench three times to knock all flies down to
the bottom of the vial.

Start a 3-sec countdown timer immediately after the third tap.
Take a picture after three sec.
Repeat steps 5-7 after a 1 min rest for 5-6 times.

Upload images onto a computer and calculate the height that each fly climbs in
each vial.

Calculate the mean height that flies climb in each group and perform statistical
analysis.

3.7.2. Drosophila Activity Monitoring (DAM) System—The procedures are based on
the protocol previously described (43).

1.

Before the experiments, set the incubator to desired light cycle and temperature. A
typical experiment is run at 25°C and a 12 hr light/12 hr dark cycle for 3-5 days
(see Note 6).

Pour desired liquid SY food in a beaker to a depth of approximately 2 to 2.5cm.
Position behavior tubes vertically in the beaker.

Once food solidifies, remove tubes by rotating the ends or by moving them side to
side against the food until they are free.

Wipe out any residual food outside the walls of tubes with tissue paper (see Note
6).

Cover the food end of each tube with a cap that has a hole in the middle.

Anesthetize flies under light CO, and transfer one fly to each behavior tube (see
Note 6).

Cap the open end of the tube with a tiny piece of cotton ball.

Place tubes into the activity monitor so that the center of each tube is in the holder.

6For measuring locomotor activity with the DAM system, make sure the activity tubes remain moist but without any water droplet
before transferring flies (43). Flies should not be touching the food when they are transferred to the activity tube to avoid getting
stuck. The center of each tube should be aligned with one another and in the center of the holder in the activity monitor. To achieve
appropriate alignment, gently push one side of the test tubes against the wall or a flat surface to align their centers after wrapping the
tubes with the rubber bands. Perform the recording for at least 3 to 4 consecutive days to reduce variations in locomotor activity.
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10. Wrap a rubber band around every three to four tubes to hold them in place, and put
the activity monitor in the environmentally controlled incubator.
11. Connect the activity monitor to a computer with the DAM system software.
12. Set the activity reading to any desired interval with the DAM system software.

13. Start run when all conditions are set. Do not open the incubator while locomotor
activity is being measured (see Note 6).

14. Once the recording is stopped, export the data from the DAM system to a computer
for analyzing locomotor activity, circadian rhythm and sleep patterns (45,46,43).
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Flow chart of basic assays to assess lifespan, age-related changes in physiological and
behavioral function in Drosophila.
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Figure 2.
The setup for the capillary feeder (CAFE) assay. 1. Parts for a fly chamber; 2. The fly

chamber; 3. Cut pipette tip; 4. An assembled feeding capillary; 5. An assembled fly feeding
chamber with flies; 6. A foam rack holding feeding chambers.
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The rapid iterative negative geotaxis (RING) assay for measuring locomotor activities of
young and old flies. Young flies generally climb faster than old flies after tapped to the

bottom of the vials.
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