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Summary: Diet has been shown to play an important role in human physiology. It is a predominant 
exogenous factor regulating the composition of gut microbiota, and dietary intervention holds 
promise for treatment of diseases such as obesity, type 2 diabetes, and malnutrition. Furthermore, 
it was reported that diet has significant effects on physiological processes of C. elegans, including 
reproduction, fat storage, and aging. To reveal novel signaling pathways responsive to different 
diets, C. elegans and its bacterial diet were used as an interspecies model system to mimic the 
interaction between host and gut microbiota. Most signaling pathways identified in C. elegans 
are highly conserved across different species, including humans. A better understanding of these 
pathways can, therefore, help to develop interventions for human diseases. In this article, we 
summarize recent achievements on molecular mechanisms underlying the response of C. elegans to 
different diets and discuss their relevance to human health.  
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Diet plays a vital role in the maintenance 
of metabolic balance, immune homeostasis, and 
longevity. With the improvement in living conditions 
and an increasingly rapid pace of life, traditional diets 
comprising coarse grain have been replaced by diets 
rich in sugars, fats, and meat. These dietary shifts are 
correlated with a dramatic rise in the occurrence of 
cancer, obesity, type 2 diabetes, and cardiovascular 
diseases[1, 2]. Interestingly, long-term diet interventions, 
particularly with protein and animal fat supplements, 
result in dramatic changes to the dynamics of gut 
microbiota[3, 4]. Gut microbiota plays a pivotal role 
in the regulation of many physiological processes 
as documented in some species of organisms. 
Recolonization of bacteria from young donors into 
the gut of middle-aged short-lived African turquoise 
killifish was found to increase the lifespan and delay 
behavioral decline[5]; the mouse gut microbiota 
can alleviate inflammatory arthritis[6], Parkinson’s 
disease[7], and protect against allergic inflammation 
in the lungs through increasing circulating levels of 
short-chain fatty acids (SCFA)[8]. Dysbiosis of human 
gut microbiota is likely to be associated with diseases 

like Henoch-Schönlein purpura in children[9], type 2 
diabetes[10, 11], and cancer[12, 13]. Diet affects public health 
mainly through the provision of different nutrients and 
modulation of gut microbial diversity; however, the 
detailed mechanisms underlying dietary regulation of 
health still remain poorly understood.

Given the complexity of dietary effects on humans 
and the vulnerability of gut microbiota to external 
factors such as antibiotics[14], it is far from easy to 
gain a systemic understanding of dietary effects on 
human health. C. elegans and its bacterial diets serve 
as a powerful, efficient interspecies model system 
that mimics host-microbiota mutualism; this system 
has been used successfully for the identification 
of metabolic factors and signaling pathways that 
regulate gene expression and overall physiological 
processes[15, 16]. And these worms have been shown to 
display distinct phenotypes on different diets, such as 
development rate, brood size, locomotion, fat storage 
and lifespan[17–19]. Another big advantage of this 
system is that both C. elegans and its bacterial diets 
are amenable to large-scale, high-throughput genetic 
screening[20, 21]. Importantly, more than 40 percent of 
C. elegans genes are highly conserved with those of 
humans; findings from this interspecies model could, 
therefore, provide clues for our understanding of how 
diet affects human health.



680 Current Medical Science  39(5):2019

1 Both HT115 and OP50 Bacterial Diets Are Used 
for RNA Interference in C. elegans

C. elegans is short-lived, easy and cost-efficient 
to culture, and can be maintained at a range of 
temperatures between 15°C to 25°C. In the laboratory, 
OP50 and HT115 strains of E. coli are widely used to 
feed C. elegans, but only HT115 can be used for RNA 
interference (RNAi). Recently an RNAi-compatible E. 
coli OP50 xu363 strain has been generated, making it 
possible to study the dietary effects of OP50 on host 
phenotype by RNAi[21]. Almost all nutrients required 
for C. elegans development and survival are provided 
by its bacterial diet. Hence, single gene RNAi on two 
different strains provides an ideal system for the study 
of the mechanism underlying responses of C. elegans 
to different metabolites such as vitamins, nitric oxide, 
and fatty acids[18, 22].

2 Bacterial Diet Functions as Gut Microbiota

C. elegans is normally cultured on a single 
bacterial strain, and these bacterial cells colonize the 
intestinal lumen, forming the gut microbiota[23]. The 
gut microbiota can aid in conversion of nutrients into 
molecules that have greater health benefits or are 
better absorbed[10, 24]. They also release some functional 
small molecules that contribute to overall health. For 
example, several kinds of bacteria that are promoted 
by dietary fiber have been shown to synthesize 
butyric acid and propanoic acid in mice[10]. Similar 
mechanisms have been demonstrated in C. elegans; 
when fed with bacteria secreting more colanic acid 
polysaccharide, these worms display a longer lifespan 
by the activation of ATFS-1, a mitochondrial unfolded 
protein response (UPRmt) transcription factor, that 
regulates mitochondrial dynamics[20]. 

Bacterial diets could also modulate the potency 
of medications[25, 26]. The efficacy of drugs is highly 
variable among patients[27],  in which the gut microbiota 

is likely to play a critical role. Recently, Scott et al 
unveiled the complexity underlying host-microbe-
drug interactions. Their studies revealed that 
fluoropyrimidine, a compound used for the treatment of 
colorectal cancer, has distinct efficacies in C. elegans 
fed on different bacterial diets[25]. Further research 
attributed this effect to metabolic drug interconversion 
regulated by bacterial vitamins B6 and B9 and 
ribonucleotide metabolism. These findings highlight 
the potential therapeutic power of intestinal microbiota 
and its manipulation to ensure host metabolic health 
and to devise better cure for diseases[28]. 

3 Neurons Sense the Differences in Bacterial Diets
 

The ability of worms to sense the signal molecules 
released by bacterial diets is indispensable for survival 
under natural conditions. Many neurons and receptors 
have already been reported to be involved in these 
diet sensation pathways (fig. 1A). ODR-3, a Gα-
protein expressed in AWC neurons, is required for the 
recognition of food odors and the food-invoked signal 
is transmitted through glutamate release[29]. NLP-18, a 
neuropeptide receptor expressed in AWB neurons, is 
required for generating preference for different food 
odors[29]. ADF neurons have been shown to recognize 
familiar food via an increase in the release of serotonin, 
which in turn increases the pharyngeal pumping rate[30]. 
ASI neurons can suppress reversal and omega turns 
when food is depleted, which stimulates worms to 
search a much wider area for food[31]. Clearly, food 
sensation by AWC, AWB, ADF, and ASI neurons 
is important for C. elegans survival in response to 
changing environments. 

Do these food-sensation pathways also play a 
role in response to different diets? A common feature 
among these neurons is the presence of a long cilium, 
which can almost contact the outside environment 
directly. Previous studies have already revealed 
extended lifespan in gene mutants including daf-19, 
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che-2, che-13, osm-1, and osm-6, in which the function 
of the sensory cilium is impaired[32]. Additional studies 
have indicated that osm-3 mutants on a HT115 or 
OP50 diet display different rates of aging; mutant 
worms were found to live longer on OP50 diet, but not 
on HT115 diet, than wild type worms. Differences in 
lipopolysaccharide (LPS) structure on the bacteria cell 
wall were detected and this was mediated by NMUR-1, 
a homolog of mammalian neuromedin U receptors[33]. 
Interesting questions such as the identity of the specific 
neuron that recognizes diverse structures of LPS and 
the potential role of the intestine in the diet-mediated 
signal transduction remain unanswered. 

4 The Intestine Responds to Diet via Selective 
Uptake of Nutrients

The intestine is the main organ that directly 
contacts different diets and is responsible for the 
uptake of nutrients; therefore, it should be the terminal 
executor that determines how many and what kinds of 
nutrients should be ingested (fig. 1B). For example, the 
fat storage in worms is significantly affected by their 
bacterial diet. More triacylglycerol (TAG) is stored in 
the intestines of worms fed on OP50 than that in worms 
fed on HT115; this has been shown to be dependent 
on the intestinal peptide transporter, PEPT-1[34]. Further 
studies have elucidated that PEPT-1 affects fatty 
acid absorption by interacting with a sodium-proton 
exchanger NHX-2 to sustain the intracellular pH of 
intestinal epithelial cells[34, 35]. It is likely that PEPT-1 
functions spontaneously and is not directly associated 
with diet sensation. Overall, these studies provide 
evidence that diet cues could modify the intracellular 
microenvironment to modulate the efficiency of 
selective absorption of certain nutrients.

The intestine also functions as a sensor of internal 
energy status. In rats, the rapamycin complex was 
shown to repress insulin/PI3K/AKT signaling[36–38] 

while integrating signals from nutrients and energy 
status[39, 40]. A homolog of Rictor/TORC2 in C. elegans, 
RICT-1, functions as a nutrient sensor that regulates 
fat metabolism, growth, and aging[17, 41]. rict-1 mutant 
worms store much more fat and have shorter lifespans 
when fed on OP50, a condition that can be rescued by 
the expression of wild type RICT-1 in the intestine. In 
contrast, rict-1 mutant worms show no phenotype when 
fed on HB101 or HT115, compared with wild type, 
suggesting a role for RICT-1 as an intestinal hub that 
integrates nutrient or energy status of the bacterial diet 
and the cytoplasm of intestinal cell. This observation 
that cells can modulate fat storage in a deliberate fashion 
to prevent energy wastage or excessive synthesis is 
exciting. However, it is still unclear whether RICT-1 
is sufficient to mediate the sensory process or if other 
factors are also involved.

5 Metabolites from Different Diets Regulate Physi-
ological Processes of C. elegans 

How do dietary metabolites absorbed by 
the intestine regulate physiological processes? 
Metabolomic research has uncovered that worms fed 
on different bacterial diets show significant differences 
in metabolic profiles as well as in levels of amino 
acids, fatty acids, lactate, o-phosphocholine, etc[42–44]. 
These differences strongly affect worm health. ALH-
6, a 1-pyrroline-5-carboxylate dehydrogenase, which 
converts proline to glutamate, has been shown to cause 
toxicity on OP50 when its function is disrupted[45]. 
Further research has indicated that OP50 provides more 
proline, leading to increased accumulation of PC5, a 
metabolic intermediate that is toxic and accelerates 
aging.

In contrast, the high level of certain metabolites 
can be beneficial for nematode survival. For instance, 
worms in which nhr-114, a nuclear hormone receptor, 
is mutated, are sterile when fed on OP50, but this 
phenotype was not observed when fed on HT115. 
This difference is mainly because of greater levels 
of tryptophan in HT115, which mediates a somatic 
detoxifying signaling pathway that protects germline 
stem cells (GSCs) from harmful metabolites[18].  
Other metabolites such as vitamins[46], short chain 
fat acids (SCFA)[11, 47], and unsaturated fatty acids like 
docosahexaenoic acid (DHA), eicosapentaenoic acid 
(EPA), arachidonic acid (AA), and oleic acid (OA)[48–50] 
have also been proven to be beneficial for the worms. 
Specifically, DHA has been shown to promote lipid 
peroxidation, which contributes to longevity[51]; AA, 
a ω-6 polyunsaturated fatty acid, extends lifespan 
by activating autophagy signaling[52]; ω-3 and ω-6 
polyunsaturated fatty acids have been shown to allocate 
somatic and germline lipids to ensure the offspring 
survival under nutrient or oxidative stress[53];  and short 
chain fatty acids (C10, C11, C12) can up-regulate the 
expression of the fatty acid mono-desaturase gene fat-7 
through nhr-49 to improve low-temperature adaptation 
in worms[54].

Unsaturated fatty acids like DHA, EPA, and AA 
are currently in the market as popular health products. 
They are believed to promote lipid metabolism to 
prevent high blood pressure or hyperlipemia. They 
are also thought to improve intelligence, with benefits 
especially in children. In summary, these metabolites 
are of great value to human health, and a better 
understanding of how they work will be beneficial. 

6 Crosstalk between Neurons and the Intestine in 
Response to Different Diets 

A diet typically comprises a mixture of different 
signal molecules. These can activate neurons and at 
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the same time modulate intestinal cell function. So, 
do signals from sensory neurons crosstalk with signals 
from the intestine? It has been shown that exogenous 
supply of polyunsaturated fatty acids (PUFAs) such as 
AA or EPA facilitate AWA neuron function, whereas 
dihomo-gamma-linolenic acid (DGLA) is thought to 
have a deleterious effect on AWA neuron function. 
PUFAs may act directly on TRPV channels to activate 
ASH neurons[55]. Interestingly, when the levels of 
AA or DGLA are above a certain threshold in the 
intestine, they are sufficient to activate autophagy and 
extend lifespan in ad libitum-fed C. elegans[52]. These 
observations imply that neurons and the intestine can 
respond to the same molecule, and their responses may 
not always be positively correlated. 

Another study has confirmed that the crosstalk 
between neurons and the intestine exists. ALH-6 
regulates mitochondrial homeostasis and longevity 
in a diet-dependent manner. Adult alh-6 mutant 
worms show fragmented mitochondrial morphology 
and shortened lifespan when fed on OP50, but not 
on HT115. Mutated nmur-1 was found to reverse the 
mitochondrial morphology and longevity change 
caused by the alh-6 mutation[45]. This is indicative that 
the diet-dependent phenotype of alh-6 mutant manifests 
only when intestinal cells absorb enough proline and 
neurons function normally to initiate the mitochondrial 
response in the intestine. Therefore, the intestine may 
function as a hub to integrate signals sensed by neurons 
and other tissues in response to different diets, and 
this crosstalk is likely to be important for C. elegans 
responding to diet signals more potently and profitably.

7 Systemic Influence of Diet on Gene Expression of 
Host

Diet is important for many physiological processes, 
but the detailed underlying mechanisms remain obscure. 
It has been well documented that in different organisms, 
dramatic changes in the levels of gene expression result 
in following dietary shift[56, 57]. As different bacteria 
provide nutrients in different proportions and affect 
different physiological processes in distinct ways, 
genes expression levels are regulated to offset the 
possible adverse effects of diet. Worms that were 
fed on DA1877 bacteria isolated from the natural 
environment were found to display altered development 
rate, brood size, and lifespan compared to worms fed 
on OP50 or HT115. Concomitantly, the expression 
levels of 389 genes—including those involved in fatty 
acid metabolism, pathogen-response, and molting—
were significantly altered[58–60]. The change in gene 
expression levels in response to DA1877 was found to 
be independent of amphid sensory neurons[60]. Overall, 
these observations imply that the levels of metabolites 
ingested by worms are the key factor regulating gene 

expression (fig. 1B).

8 Conclusions and Future Perspectives

The impact of diet on the physiology of C. 
elegans is profoundly complicated. Diet may function 
as gut microbiota, nutrients, or pathogenic bacteria 
simultaneously. The interspecies model comprising 
C. elegans and its bacterial diet is amenable to large-
scale, high-throughput genetic screening, making it an 
invaluable resource for our understanding of underlying 
interactions and the mechanisms involved. To maintain 
homeostasis, worms must be able to sense food source 
and abundance in a sensitive manner and then assess 
food quality and their own energy state; finally, they 
must integrate signals and exploit endocrine and 
transcriptional mechanisms to systemically promote 
or inhibit related pathways to counter environmental 
change. The human gut microbiota are much more 
complex and they are influenced by host body condition, 
environment, and daily diet; therefore, the mechanisms 
underlying dietary effects cannot be translated directly 
from studies performed with C. elegans under relatively 
stable conditions. These studies do, however, provide 
valuable clues for the mechanisms by which the host  
responds to distinct diets. 
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