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Abstract

Rotifers are microscopic cosmopolitan zooplankton used as models in ecotoxicological and aging studies due to their several advantages such
as short lifespan, ease of culture, and parthenogenesis that enables clonal culture. However, caution is required when measuring their survival
time as it is affected by maternal age and maternal feeding conditions. Here we provide a protocol for powerful and reproducible measurement
of the survival time in Brachionus rotifers following a careful synchronization of culture conditions over several generations. Empirically, poor
synchronization results in early mortality and a gradual decrease in survival rate, thus resulting in weak statistical power. Indeed, under such
conditions, calorie restriction (CR) failed to significantly extend the lifespan of B. plicatilis although CR-induced longevity has been demonstrated
with well-synchronized rotifer samples in past and present studies. This protocol is probably useful for other invertebrate models, including the
fruitfly Drosophila melanogaster and the nematode Caenorhabditis elegans, because maternal age effects have also been reported in these
species.

Video Link

The video component of this article can be found at https://www.jove.com/video/54126/

Introduction

Rotifers are microscopic cosmopolitan zooplankton (<1 mm) that constitute the phylum Rotifera 1. They have a simple body plan composed of
approximately 1,000 somatic cells as well as a characteristic wheel-like ciliary apparatus called the corona, which is used for locomotion and
feeding. Most rotifers belong to classes Monogononta or Bdelloidea, which contain about 1,600 and 500 species, respectively 2. Monogonont
rotifers generally have both sexual and asexual reproductive phases (cyclical parthenogenesis), while bdelloid rotifers reproduce by obligatory
parthenogenesis 3. It is thus possible to obtain genetically identical rotifer individuals, which ensures high reproducibility in experiments.
In addition, they have several other advantages as model organisms, such as a short lifespan, ease of culture, availability of genomic and
transcriptomic sequence data 4-7, and a unique phylogenetic position distant from arthropods and nematodes 8. Rotifers are therefore promising
invertebrate models in ecological, toxicological, and aging studies 9-12.

The survival time under exposure to environmental stress or chemicals is a frequently measured parameter in these research fields 13-19.
However, caution is needed when measuring the survival time of rotifers because it is susceptible to environmental conditions of their mothers.
Namely, in the monogonont rotifer Brachionus manjavacas, female offspring from aged mothers have a shorter lifespan than those from young
mothers; however, maternal calorie restriction (CR) partially offsets the deleterious effects of advanced maternal age 20. In B. plicatilis, maternal
CR provides offspring longevity, long survival time under starvation, and high oxidative stress resistance associated with enhanced expression
of antioxidant enzymes 21,22. The maternal age effect has also been observed in bdelloid rotifers 23. Therefore, the conditions of experimental
rotifers should be carefully synchronized over several generations before measurements of survival time.

Here we provide a protocol for measurement of survival time in Brachionus rotifers following synchronization of culture conditions over several
generations. Intermittent fasting (IF), a variation of CR where rotifers are fed periodically, was applied to reveal the effect of synchronization due
to the well-known effects of IF on longevity 22,24.
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Protocol

1. Preparation of Media

Note: Use half-diluted Brujewicz artificial seawater of salinity 16.5 ppt (PSU). Other artificial seawaters are also frequently used to culture
Brachionus rotifers 25,26.

1. Add 454 mM NaCl, 26 mM MgCl2, 27 mM MgSO4, 10 mM KCl, and 10 mM CaCl2 to 4.5 L of distilled water (final volume will be 5 L).
Alternatively, use deionized dilution water instead of distilled water. Add CaCl2 after dissolving all other salts.

2. Prepare the 0.48 M NaHCO3 stock solution (200x concentration). Add 25 ml of it to the above solution. The final concentration of NaHCO3 is
2.4 mM.

3. Prepare the 0.4 M NaBr stock solution (500x concentration). Add 10 ml of it to the above solution. The final concentration of NaBr is 0.8 mM.
Make up to 5 L with distilled water.

4. Filter the solution with a 0.45 µm membrane filter. Dilute it two times with sterile water before use (v/v).
 

Note: It is possible to make a 2x concentration of Brujewicz artificial seawater as a stock solution.

2. General Culture Conditions

1. Culture laboratory-raised or wild-captured rotifers in a sterile 100 ml beaker between 20 and 30 °C. Higher temperatures result in shorter
lifespans and accelerated reproduction. Use 25 °C for the convenience of experiments. The rotifer density or volume of artificial seawater is
not a big issue here.

2. Culture dietary microalgae species in artificial seawater 11. See Snell et al. (2014) for details 11. Typically, use Tetraselmis tetrathele (~2
x 105 cells/ml 27,28), T. suecica (~6 x 105 cells/ml 25,29), and Nannochloropsis oculata (~7 x 106 cells/ml 30,31). Since diet algae (species,
culture conditions, biochemical compositions) significantly influences survival time of Brachionus rotifers, use the same lot of microalga in all
experimental groups.

3. Keep a stock population of rotifers in a batch culture by feeding and changing media occasionally (e.g., feed every 2 days and inoculate every
week). Many neonates and adults bearing 2-3 eggs can be observed when rotifers are in optimal conditions.
 

Note: An alternative way to obtain experimental rotifers is to hatch resting eggs. Rotifers hatched from resting eggs are considered to be well
synchronized, and their lifespan is not significantly different from that of rotifers hatched from amictic eggs 11. However, rotifers from resting
eggs start reproduction earlier than those from amictic eggs. Thus, caution is needed for measurements of their reproductive traits.

3. Synchronization of Rotifers by Pre-culture

1. Select a single rotifer from the stock population and culture as described in 2.1-2.3 to establish a sub-population that will be used for
experiments. Typically culture for two weeks.

2. Collect egg-bearing rotifers from the sub-population (collect a double number of individuals that will be used for experiment). Culture them
as a single cohort (density: ~50 individuals/ml) in a 6-well culture plate as described in 2.1-2.3 in a fresh media under ad libitum feeding.
Controlling population density is important because the conditioned medium affects reproductive physiology of Brachionus rotifers 32,33.

3. Transfer neonates hatched from the adults' first eggs to newly prepared culture media. Repeat this procedure over 2-3 generations.
4. Use neonates hatched within a certain time period (e.g., <3 hr) for measuring the survival time. To avoid a possible bias in selecting the single

individual, although very improbable, check reproducibility using several independent sub-populations.
 

Note: As rotifers usually reproduce only asexually under this condition, ensure no males are present throughout the experiment. Males are
smaller than neonates and typically move faster than females. Mictic females have different lifespans from amictic females under certain
conditions 29.

4. Measurements of Survival Time

1. Place neonates in plastic plates (typically 24- or 48-well plates, with each well containing 1 ml of artificial seawater).
2. At 24 hr intervals, transfer the rotifers to newly prepared culture media or at 12 hr intervals if at higher temperature (30 °C or above). Record

the number of offspring and whether each individual is dead or alive. Record the rotifer as dead when cilia movement of the corona has
completely stopped.
 

Note: Rotifers often attach to the side walls of the wells. Gentle pipetting of the water helps to find them. If rotifers are not found or are
accidentally damaged by the pipetting, record them as "censored", not as "dead".

3. Remove neonates when experimental rotifers are actively reproducing. Neonates grow rapidly and it is sometimes difficult to distinguish them
from experimental rotifers.

5. Data Analysis

1. Create the Kaplan-Meier survival curve (Figures 1 and 2) by plotting cumulative survival rate on the Y axis and time on the X axis. This is the
most common representation of survival data. Use the non-parametric log-rank test (also called Mantel-Cox test) for statistical comparison of
survival time 34. The log-rank test is also included in other standard statistical packages such as JMP and R.
 

Note: Do not use Student's t-test or analysis of variance (ANOVA) followed by parametric multiple comparison because normal distribution is
usually not met by survival data 35. Also, these methods do not take censored individuals into account. Mann-Whitney U test can be used if
there is no censored data.
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Representative Results
 

Figure 1 shows representative survival curves of poorly synchronized populations (out of two replicates). In this experiment, rotifers were either
fed everyday [ad libitum (AL) group] or every other day (IF group). Median survival was 13 and 18 days in the AL and IF groups, respectively.
Although it is well known that IF extends the lifespan of the rotifer, this experiment failed to detect a statistically significant difference between
lifespans of the AL and IF groups. Empirically, insufficient synchronization results in early mortality and gradual declines in survival rate as
observed in this experiment. Damage to rotifers caused by inappropriate treatment or low water quality for the sub-population tends to yield
similar results.

When rotifer conditions are optimal and well synchronized, early mortality is hardly observed and accordingly rotifers tend to die in a
synchronized way during the later phase of the experiment (Figure 2). Median survival was 13 and 20 days in the AL and IF groups, respectively.
Although fewer animals were used than the experiment in Figure 1, the difference in lifespan between these groups was statistically significant.
This is the representative results from more than five experiments that have been published previously 22.

 

Figure 1: Kaplan-Meier curves for poorly synchronized individuals subjected to intermittent fasting (IF). The AL group was fed ad libitum
throughout the experiment, whereas the IF group was fed every other day. N = 11 and N = 12 for the AL and IF groups, respectively (N refers
to number of individual used in the experiment). The experiment was performed at 25 °C. No significant difference in lifespan was detected
when log-rank test was used (P = 0.1207). However, this data is difficult to interpret because log-rank test should not be used to compare two
crossing survival curves although the test is known to be robust 36. No established methods are currently available for crossing survival curves
with censored data. Please click here to view a larger version of this figure.

 

Figure 2: Kaplan-Meier curves for synchronized individuals subjected to IF. The rotifer cohort, obtained by pre-culture, was subjected to the
same IF schedule (fed every other day). N = 6 and N = 8 for AL and IF groups, respectively. The experiment was performed at 25 °C. Log-rank
test, P = 0.0057. Please click here to view a larger version of this figure.

Discussion

The current protocol describes a method for measuring the survival time in Brachionus rotifers. The critical step is the synchronization of rotifer
conditions over several generations. When experimental rotifers are well synchronized, a typical type I survival curve is observed with very little
early mortality as reported in several previous studies 18,24,37,38. Standard deviations of their survival time therefore become smaller compared
to poorly synchronized rotifers, resulting in high statistical power. Synchronization is also expected to increase reproducibility of survival time
measurements – because mothers are cultured under optimal conditions, the current protocol offsets possible deleterious effects of maternal
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generations. If early mortality is still observed after careful synchronization, consider using newly prepared culture media, another lot of feeding
algae, or a newly established experimental cohort (i.e., start from protocol 3.1).

A limitation of this protocol is that the well-synchronized rotifers are potentially over-sensitive. For example, upon screening of chemicals that
extend lifespan, some chemicals screened by this protocol may fail to detect significant effects on lifespans of poorly synchronized rotifers (e.g.,
individuals from wild and batch-cultured populations). Thus, the results of such experiments should be interpreted with caution.

The effect of maternal age on offspring survival time has also been reported in other invertebrate models including the fruit fly Drosophila
melanogaster and the nematode Caenorhabditis elegans 39,40. Although it is more time-consuming in these long-lived models, the
synchronization procedure over several generations would be useful for these animals to decrease experimental variations in measurement of
survival time.
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