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“Cutting and Burning Guts” Nourish the Young
Caenorhabditis elegans lyse their guts to produce nutritious yolk milk to feed larvae.
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Worm mothers produce yolk milk to maximize the survival chances of larvae at the risk of death. Self-fertilizing C. elegans 

hermaphrodites synthesize yolk proteins in the intestine, which are transported to embryos. After self-sperm depletion and cessation 

of reproduction, worms repurpose intestines by autophagy to produce yolk, accumulating in the body cavity. These worms release 

free yolk through the vulva and continue laying unfertilized eggs filled with yolk. Larvae feed on the vented yolk fluid, yolk milk, both 

free and bottled-in-egg, to grow. Insulin/IGF-1 signaling promotes the entire process, a trade-off between reproduction and aging.
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Parents sacrifice for their children and never retire; they ded-

icate their time and resources to fulfill their child’s needs. 

While providing the best care for the kids, they often curb 

their choices of basic human needs, as well as career and 

social relationships. Thus, parenting takes a significant toll 

on the emotional health of parents, often affecting physical 

health. In Korea, this behavior is described by the expression 

“cutting and burning guts.” This expression was first described 

in old mythology, where a devastated mother monkey who 

lost her cub had her guts fractured inside. Numerous stories 

have explained that parents put their lives at stake to care 

for and save their children in need. Selfless and sacrificial 

parenting are embedded in the human genome along with 

evolution. A recent study by Kern et al. (2021) demonstrated 

never-imagined selfless parenting by worms. Caenorhabditis 

elegans, a nematode, secretes milk-like yolk fluid made by 

self-destructive intestinal atrophy to repurpose biomass, for 

the growth young larvae. This self-destructive primitive form 

of lactation, reminiscent of reproductive death, explains 

many puzzling aging features of the old, versatile nematode 

model, which is widely studied for understanding why and 

how organisms age.

	 C. elegans are mainly hermaphrodites, i.e., having male 

and female reproductive organs and reproduce by self-fer-

tilization (Corsi et al., 2015). Although self-sperm runs out 

first, worms lay many unfertilized eggs, even greater than 

their body volume (Ward and Carrel, 1979). The intestines of 

these worms are self-destructive via autophagy and convert 

intestinal biomass into yolk, which accumulates in the body 

cavities, causing aging-associated pathology (Ezcurra et al., 

2018). Paradoxically, insulin/IGF-1 (insulin-like growth factor 

1) signaling (IIS) accelerates the continuous production of 

oocytes and seemingly wasteful yolks in the mid-aged worms 

after reproduction, thereby shortening the lifespan. These 

events in aging worms were considered futile, and were thus 

assumed to be an old age-associated diseased state.

	 Kern et al. (2021) reported that mother worms expressing 

green fluorescent protein (GFP) fusion of vitellogenin VIT-2, 

a yolk protein, leave patches of lipid-containing green fluo-

rescent substance on culture plates immediately after they 

finished their egg-laying for reproduction. The yolk is vented 

through the vulva, occasionally with several unfertilized eggs 

filled with green fluorescent yolk. The total amount of yolk 

protein in unfertilized eggs is twice as much as freely vent-

ed yolk. Surprisingly, GFP-labeled yolk is also found in larval 

intestines, indicating that larvae feed on the nutritious fluid, 

yolk milk, secreted by mother worms. Interestingly, baby 

worms can suck on the yolk milk in unfertilized eggs, equiva-

lent to baby bottles. The larvae that drink the yolk milk grow 

significantly larger than those that do not. Additionally, the 

beneficial growth effects are suppressed when yolk accumu-

lation decreases in mothers but are enhanced when accumu-

lation increases. Therefore, yolk milk feeding promotes larval 

fitness.

	 IIS promotes both aging and reproductive processes. In-

sulin/IGF-1 receptor daf-2 loss-of-function (ls) mutants live a 

long life, synthesize and accumulate less yolk, and produce 

less unfertilized eggs (DePina et al., 2011; Gems et al., 1998; 

Kenyon et al., 1993; Kimura et al., 1997). As a result, long-liv-

ing daf-2 ls mutants vent less yolk milk and cannot support 

larval growth. In contrast, daf-2 gain-of-function (gf) mutants 

that produce and vent more yolk milk, further promote larval 

growth. These effects depend on the daf-16 FOXO transcrip-

tion factor required for daf-2 function in the aging process 

(Ezcurra et al., 2018; Kenyon et al., 1993). Moreover, a null 

mutation of daf-18 PTEN phosphatase, which also increases 

IIS activity similar to daf-2 gf mutation, enhances yolk milk 

venting and larval growth (Mihaylova et al., 1999). There-

fore, IIS promotes worm lactation by increasing yolk synthesis 

and stimulating gut-to-yolk biomass conversion, contributing 

to the aging of worms. Decreased IIS, as observed in daf-2 lf 

mutants, reduces its contribution to reproductive fitness and 

associated costs in the later stage of life, when reproduction 

is inessential, promoting longevity. Furthermore, mothers 

produce yolk milk to maximize larvae survival chances at the 

risk of survival.

	 So, is the worm milk really a kind of milk we know? Kern 

et al. (2021) analyzed excretory-secretory (ES) proteins of the 

substance released by mother worms. These proteins include 

vulval-vented ones, those excreted through the pore and 

anus, and those shed from the worm bodies. Additionally, 

proteomic analysis showed 125 mother worm-specific pro-

teins in the ES proteins, of which 21 were IIS-upregulated, 

30 upregulated in old age, and 28 contained signal peptides, 

similar to vitellogenins, major released proteins. Further-

more, 17 proteins showed all three features above, which 

is 82-fold greater than expected by chance alone and six-

fold more when considering the overlap between the sets of 

proteins defined by each of the three features. Among the 

most abundant proteins, there were several transthyretin-re-

lated proteins, which function as carrier proteins for lipophilic 

compounds and other lipid-binding proteins, including vul-

va-expressed factor arrest protein 3 (Goodman, 1985). Lipid 

carrier proteins are also abundant in mammalian milk; as 

expected, there is a modest but significant overlap between 

mother worms’ ES proteome and human milk proteome. This 

suggests functional similarities despite relatively distinct evo-

lutionary origins (Andreas et al., 2015; Brawand et al., 2008).

	 C. elegans’ primitive lactation may provide a fitness benefit, 

coupling pathological changes associated with aging to re-

production-supporting physiology, akin to reproductive death 

as seen in semelparous organisms (Gems et al., 2021). For 

example, Pacific salmons die in hormone-driven pleiotropic 

atrophy shortly after the one-time spawning of their lives. 

Self-destructive repurposing of biomass into yolk is observed 

in mother worms, whereas males or unmated females do not 

show this behavior (Kern et al., 2020; Kim et al., 2019; Turek 

et al., 2021). Worm lactation is surprising, and other inverte-

brates, including tsetse flies and the Pacific beetle cockroach, 

also secrete nutrient-containing fluid to feed their offsprings 

(Benoit et al., 2015; Marchal et al., 2013). Additionally, yolk 

milk feeding is similar to trophallaxis, which is transferring 

food or nutritious fluids between individuals in a community, 

for example, in social insects such as ants and bees (LeB-

oeuf, 2017). In the wild, worms mainly reproduce in highly 

dense and colony-like clonal populations (Schulenburg and 

Félix, 2017). Venting yolk into this collection should increase 

inclusive fitness through kin selection rather than individual 
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fitness. Yolk milk packaged in unfertilized eggs may serve as 

emergency sustenance for all individuals, including adults in 

populations, especially if microbial food supplies are scarce. 

Whether yolk milk specifically improves particular traits, such 

as neurobehavior and immune responses has not been ex-

plored; neither is whether adult worms consume the vented 

yolk.

	 Reproduction costs life. In many species, including humans, 

limiting reproduction can extend lifespan, and overactive re-

production accelerates aging. Castrated servants of the royal 

court, lived up to 40% longer than uncastrated men, and 

women who experienced more pregnancies look older in 

their cells (Kang, 2019; Min et al., 2012; Ryan et al., 2018). 

Lactation greatly taxes a mothers’ resources; nursing mothers 

lose up to 5% of bone mass. The energetically and emotion-

ally expensive food has been shared in human society in vari-

ous ways, seemingly supporting human fitness: for example, 

using wet nurses and a human milk bank for nonbreastfeed-

ing mothers, and a medicinal and nutritional alternative for 

adults. “Cutting and burning guts” is based in reality. The re-

lentless emotional grip might be a piece of an ancient artifact 

in evolution that results in adaptation, encouraging parents 

who receive undeniable and incomparable joy. Pay tribute to 

all parents feeling “cutting and burning guts,” and may there 

be a lasting peace.
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