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Abstract
C. elegans has been used extensively for research on the biology of aging due to its genetic tractability and short lifespan. In
order to measure lifespan, populations of worms are synchronized so that all of the worms being measured begin the assay at
the same age. This is typically accomplished by simply picking worms of a particular developmental stage to start the lifespan
experiment or through bleaching, a process through which the body of the worm is dissolved in a solution of bleach (sodium
hypochlorite) and sodium hydroxide to release its fertilized eggs. In this experiment, we examined the effect of bleaching on
lifespan in wild-type worms and the long-lived mitochondrial mutant isp-1. We found that bleaching did not affect the
longevity of wild-type worms or isp-1 mutants. While we cannot exclude the possibility that bleaching affects the lifespan of
specific genetic mutants, our results indicate that wild-type longevity is unaffected and that for at least some genetic mutants
bleaching can be used for synchronization prior to initiating a lifespan experiment.
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Figure 1. Bleaching worms does not affect lifespan. :

We compared the effect of two different methods of synchronization on worm lifespan using wild-type worms and long-lived
isp-1 mutants. For both strains, there was little or no difference in the mean or maximum lifespan between worms that were
synchronized using a limited lay compared to worms that were synchronized by bleaching. Four biological replicates were
performed by four different experimenters. Statistical significance was assessed using a log rank test. NS = not significant.

Description
The worm C. elegans is a simple genetic model organism that has been used to gain insight into a wide variety of biological
processes including aging (Brenner, 1974). C. elegans develop from egg to adulthood through four larval stages L1, L2, L3
and L4. For experiments involving C. elegans, it is important to select worms that are at the same developmental stage to
ensure the consistency of the results. For experiments measuring lifespan, it is most common to begin the experiment at
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adulthood in order to separate slow development from extended adult lifespan. To obtain synchronized animals one can either
pick worms of the desired developmental stage from a mixed population or limited lay, or one can synchronize the worms by
bleaching. Bleaching involves treating gravid adult worms with a solution of sodium hydroxide (NaOH) and bleach (sodium
hypochlorite) (Stiernagle, 2006). The hypochlorite solution dissolves the body of the worm releasing all of the fertilized eggs
from inside, as the eggs are protected by their shell. Once the body of the worm has been dissolved the eggs can be rinsed with
buffer to remove the hypochlorite solution and allowed to hatch either in liquid or on solid plates. The hatched worms will be
synchronized and ready to start the lifespan assay at adulthood.

While both approaches have been used to generate synchronized worms for the lifespan assay, it is not known the extent to
which bleaching affects the lifespan of either wild-type or long-lived mutant worms. Accordingly, we sought to determine the
effect of bleaching on lifespan, especially since hypochlorite treatment can also cause damage to eggs depending on the
exposure (Verdu et al., 2022). Based on this previous work showing a detrimental effect of bleaching on eggs, we
hypothesized that bleaching would decrease lifespan. We compared the lifespan of worms picked from an overnight limited
lay at the pre-fertile young adult stage to worms that were synchronized by bleaching. We examined wild-type worms and
long-lived isp-1 mutants. isp-1 worms have a mutation in the gene encoding the Rieske iron sulfur protein, which is part of
complex III of the mitochondrial electron transport chain (Feng et al., 2001). These worms have increased lifespan and stress
resistance (Soo et al., 2023) that is at least partially due to the activation of multiple pathways of cellular resilience (Campos et
al., 2021; Dues et al., 2017; Harris-Gauthier et al., 2022; Senchuk et al., 2018; Wu et al., 2018).

We found that the lifespan of wild-type worms is not affected by bleaching (Figure 1). Similarly, the long-lifespan of isp-1
mutants is not significantly different when the experimental worms are synchronized by bleaching compared to worms picked
from a limited lay (Figure 1). These results suggest that synchronization by bleaching will not affect the results of a lifespan
experiment involving wild-type or isp-1 worms. It is possible that bleaching may affect the lifespan of specific mutant strains,
which would need to be determined experimentally.

Methods
C. elegans strains. The following strains were used in this study: N2 (wild-type) and isp-1(qm150). Strains were maintained at
20°C on NGM (nematode growth media) plates seeded with OP50 bacteria.

Bleaching. Worms and bacterial lawns with eggs were collected from 6 cm NGM plates for each strain and transferred into a
15 mL centrifuge tube. The tubes were topped up to 15 mL with M9 buffer and centrifuged for 2 minutes at 1300 RCF in a
swinging-bucket centrifuge. The supernatant was carefully aspirated, and 2 mL of the bleaching solution (1% bleach, 625 mM
NaOH in ddH₂O) was added to the worm pellet. The tubes were vortexed at intervals of 30 seconds at 3000 RPM, not
exceeding a total of 6 minutes.

To neutralize and stop the bleaching process, 13 mL of M9 buffer was added to each tube, briefly vortexed, and then
centrifuged for 2 minutes at 1300 RCF. The supernatant was aspirated, and the egg pellet was washed by adding 14 mL of M9
buffer, vortexing briefly, and centrifuging for 2 minutes at 1300 RCF. This washing step was repeated three times. After the
final wash, the egg pellet was resuspended in 500 µL of M9 buffer and pipetted onto 6 cm NGM plates. Once the progeny
reached the young adult stage, they were used in the lifespan experiment.

Limited Lay. For the limited lay, gravid adult worms were placed on an NGM plate overnight (16-24 hours). For the overnight
lay, 15 worms were used for wildt-type and 21 worms were used for isp-1. The next day the adults were removed and killed.
When the progeny reached the young adult stage they were used in the lifespan experiment.

Lifespan. Lifespan studies were conducted at 20°C on NGM plates containing 25 µM 5-Fluoro-2′-deoxyuridine (FUdR) and
seeded with OP50 bacteria. This concentration of FUdR inhibits the development of progeny after transferring to the second
FUdR plate and has little or no effect on lifespan (Van Raamsdonk & Hekimi, 2011). Four replicates were completed by four
different experimenters. Each replicate contained two plates with a minimum of 25 worms per plate. Worms were scored as
dead if they failed to move after prodding with a platinum wire (worm pick). Worms were first prodded on the tail, then
prodded on the head. Worms with internal hatching or externalization of internal organs were censored as were worms that
crawled off the plates. Worms were transferred to fresh plates at least twice during the lifespan experiment and were checked
every 2-3 days until all of the worms had died. The experimenters were not blind to the treatment or genotype.

Statistical analysis. Statistical analysis was performed using Graphpad PRISM version 9.0 using the log-rank test.

Reagents
Strains.
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N2 wild-type (Wild isolate from Bristol)

JVR171 isp-1(qm150)

Chemicals.

5-Fluoro-2′-deoxyuridine (F0503, Sigma-Aldrich)
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