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Reduction of food intake without malnutrition or starvation is known to increase lifespan and delay the onset of various age-related diseases in
a wide range of species, including mammals. It also causes a decrease in body weight and fertility, as well as lower levels of plasma glucose,
insulin, and IGF-1 in these animals. This treatment is often referred to as dietary restriction (DR) or caloric restriction (CR). The nematode
Caenorhabditis elegans has emerged as an important model organism for studying the biology of aging. Both environmental and genetic
manipulations have been used to model DR and have shown to extend lifespan in C. elegans. However, many of the reported DR studies in C.
elegans were done by propagating animals in liquid media, while most of the genetic studies in the aging field were done on the standard solid
agar in petri plates. Here we present a DR protocol using standard solid NGM agar-based plate with killed bacteria.

Video Link

The video component of this article can be found at http://www.jove.com/video/2701/

Protocol

1. Establishing a calibration curve for the estimation of bacteria concentrations

This section describes a method for the estimation of bacteria concentration for any given bacteria strain (e.g. OP50, HT115) that will be used as
a food source for Dietary restriction experiments in C. elegans. Separate calibration curves should be established for each bacteria strain used.

1. Inoculate a single colony of E. coli OP50 bacteria picked from a fresh streak of bacteria on LB agar in 3 mL liquid LB broth.
2. Place OP50 culture in 37 °C shaker and allow bacteria to grow overnight.
3. Prepare serial 2-fold dilutions of the bacterial suspension from the overnight culture (2x, 4x, 8x, 16x, 32x).
4. Measure the absorbance (optical density) of each dilution at 600 nm by spectrophotometer in triplicate.
5. Further dilute each bacterial suspension 1,000,000-fold (1000-fold dilution twice).
6. Spread 0.4 mL of bacterial suspension of each dilution evenly on a 100 mm LB agar plate.
7. Place LB plates with OP50 in a 37 °C incubator for 18-24 hours.
8. Count the number of bacterial colonies grown on each plate. The colony counts are used to calculate cfu (colony forming unit) per mL for
each sample.
9. The relationship between measured ODg( values and OP50 bacteria concentrations can be established by plotting ODgqg as a function of
bacterial concentration (cfu/mL) and performing a linear regression analysis (Figure 1).
Solutions:
Luria Broth (LB), 1L:
1049 Bacto-tryptone
59 Yeast Extract
1049 NaCl

Add deionized water to 1L.

Autoclave and store at room temperature.
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2. Preparation of solid plate-based dietary restriction (sDR) plates

This section describes the preparation of plates for use in solid-plate based dietary restriction (sDR) experiments. Normally, we consider a
bacteria concentration of 1 x 10'" cfu/mL as the ad libitum feeding condition and 1 x 108 cfu/mL as the optimal DR feeding condition for this
method. However, 4-6 different bacteria concentrations may be needed to establish a complete dose-dependent relationship for sDR and its
responses.

1. Inoculate a single colony of E. Coli OP50 bacteria in 3 mL liquid LB broth.

2. Place the OP50 culture in 37 °C shaker and allow the bacteria to grow for 6-8 hours.

3. Transfer the OP50 culture to a new flask containing 500 mL LB broth, and place the OP50 culture back in 37 °C shaker overnight.

4. Measure the ODgqq of the OP50 culture to determine the bacteria concentration (the concentration is calculated using the calibration curve
generated in Part 1). Appropriate dilutions may be needed for an accurate measurement of absorbance.

5. Pellet OP50 bacteria by centrifugation at 1,500 g for 20 minutes.

6. Resuspend bacteria to a concentration of 1 x 10" cfu/mL.

7. Prepare 10 mL bacteria culture in six different concentrations: 1 x 10", 10", 10", 10°, 108, 107 cfu/mL.

8. Pipette 0.2 mL of bacteria culture into the center of a 60 mm solidified NGM plate. Avoid touching the surface of the plate with pipette tip, as

nicks on the surface allow worms to burrow into the agar plates.

9. Place plates in 37 °C incubator for 1 hour.

10. Apply 10uL of 100mg/mL carbenicillin and 10 pL of 50mg/mL kanamycin to each plate to arrest growth of the bacteria.

11. Store plates with different concentrations of antibiotic-killed bacteria at 4 °C for future use (up to one month). It is important to prepare and
store enough plates for the entire planned experiment at least 1-2 days ahead. Using the same batch of plates for the entire experiments is
preferable.

12. To verify the viability of the bacteria, scrape some bacteria out of the sDR plates and spread it on an empty NGM plate with carbenicillin
and kanamycin. Place the plate in 37 °C incubator for 6-8 hours and then check for growth of the bacteria (no bacteria growth should be
observed).

Solutions

Nematode Growth Media (NGM), 1L:

39 NaCl
25¢g Bacto-Peptone
20g Agar

Autoclave for 40 minutes and let cool to 65 °C, then add:

1 mL 1M MgSO,

1 mL 1M CaCl,

1mL 5 mg/mL Cholesterol

25 mL 1M Potassium Phosphate, pH 6.0

Immediately pour liquid NGM onto 60 mm x 15 mm petri dishes in 10 mL aliquots
3. Setting up sDR experiments

For most of the sDR-related studies, such as life span analysis and fertility profiling, preparation of an age-synchronized population of worms is
essential. For other studies, simply transfer worms from a regular OP50 plate to an sDR plate to initiate the dietary restriction. In this section, a
protocol to set up a lifespan analysis for sDR animals is described as an example.

1. Use a platinum worm picker to transfer 20-30 reproductively active adults onto several regular NGM plates with OP50. Depending on the
number of eggs required for the experiments, more adults may be needed.

2. Leave the plates at 20°C for 4 hours to allow egg-laying.

3. Remove the adults from the plate. Plates should be visually inspected for eggs.

4. Leave the plates at 20°C and allow the progeny to develop into the Late-L4/day 1 adult stage. Usually, this takes 3 days for N2 wild types

worms at 20 °C.

Transfer a suitable number of day 1 adults onto sDR plate to initiate the dietary restriction.

For a lifespan analysis, set up a total of 6-8 plates with 10-20 worms per plate for each sDR condition.

Score the viability of each worm every 2 days until all the worms have died. It is critical that worms be transferred to fresh sDR plates every

12-48 hours to avoid complete deprivation of food.

No o

4. Representative Results:

Shown in Figure 1 is a plot of a representative calibration curve for the estimation of OP50 concentration in relation to ODgg,. The equation
generated by liner regression analysis can be used for all future calculations of OP50 bacteria concentrations. Shown in Figure 2 is an
example of assaying the effect of chronic sDR treatments on mean lifespan of different worm strains. The blue line represents a normal dose-
dependent response of wild-type worms to sDR. The red line indicates that the lifespan effect of sDR is partially suppressed by drr-2 o.e., while
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daf-16(mu86) has no effect on sDR-induced lifespan extension. Detail method for performing lifespan analysis in C. elegans is described in
previous literature "
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Figure 1. Representative result of a calibration curve for the estimation of E. Coli OP50 concentration. OP50 concentration is plotted as a
function of measured ODg values. Error bars = S.D. Overnight bacterial culture was diluted 1.5x, 2x, 4x, 8x, 16x, 32x before absorbance
measurement, and further diluted 1,000x twice before cfu measurement.
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Figure 2. Representative result of a C. elegans Ilfespan experiment comparing wild type N2 animals (blue) with two different mutants (green and
red) in response to sDR (Figure from Ching et al. ) Error bars = S.E.M.

Dietary restrlctlon (DR) is known to increase lifespan and delay the onset of various age-related diseases in a wide range of species, including
mammals >”. Both environmental and genetic manipulations have been used to model DR in C. elegans, including culturing worms in a semi-
defined liquid medium 89 , dilution of the bacterial food source in liquid medium 10-12 , and use of behavior mutants that feed at a slower rate 3
However, genetic mimlcs of DR may produce phenotypes that are unrelated to DR, whereas culturing worms in a liquid medium involves growth
conditions that differ from the solid medium plate conditions adapted by most worm laboratories. A DR protocol performed on standard solid
plates would be useful and therefore has been developed by several groups 1415

In the protocol described here, the bacteria are killed by applying two different antibiotics to the plates as a way to control the level of food intake.
However, alternative methods such as UV exposure can also be used to inhibit bacteria growth.

To avoid complete deprivation of food (i.e. starvation) during the course of sDR experiments, worms need to be transferred to fresh sDR plates
every 12-48 hours as mentioned above in step 3.7. The frequency of the transfer depends on the food concentration, number of worms per
plate, and the amount of offspring produced by the worm strain used in the experiment. For instance, worms may be transferred every 48 hours
when 20 sterile CF512 [fer-15(b26); fem-1(hc17)] animals were placed on a sDR plates containing 1 x 107 cfu/mL OP50 bacteria. The frequency
of the transfer should be determined by examining, prior to the experiment, how long the sDR plates could last before the seeded bacterial is
completely consumed by worms under experimental conditions. When performing experiments that last several weeks (e.g. lifespan analysis)
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with a non-sterile strain, 50ug/ml FUDR may be added to sDR plates prior to step 3.5 to eliminate egg laying. Otherwise, worms will have to be
transferred to fresh plates much more frequently to avoid complete depletion of food due to their offspring.

While there is no set limit on the number of worms that can be placed per plate in an sDR experiment, placing more than 20 animals per plate
may cause difficulty in scoring viability for a lifespan analysis following the sDR treatment. It is also worth noting that sDR can be initiated as
early as day 1 of adulthood. However, initiation of sDR at early larval stages may cause developmental arrest in certain circumstances.
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