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This month’s Genome Watch article high-
lights integrative approaches for discover-5 
ing metabolites and microbes that improve 
cognitive performance. 

Bioactive metabolites mediate interactions 
between hosts and their microbiomes, of-
ten to improve the fitness of the holobionts. 10 
However, the mechanistic basis of these in-
teractions and their contributions to fitness 
are poorly understood due to their multi-
faceted nature. Recent studies integrating 
metabolomics with genomic and functional 15 
data are beginning to fill this gap. 

Bees’ ability to remember which flowers 
are sweet vs. bitter differs among individu-
als. Like many other animals, including hu-
mans, their gut microbiomes are host spe-20 
cific and can be transmitted between indi-
viduals. Li et al.1 explored if this individual 
cognitive variation stems from microbiota-
gut-brain interactions. To examine this, 
bees were ‘trained’ on coloured plates that 25 
had either sweet sucrose or bitter quinine 
solutions. Three days later they were 
tested for their ability to remember which 
colours corresponded to sweet vs. bitter.  
Metagenomics was used to associate bees 30 
with improved memory performance to 
specific gut bacteria and their genes. Re-
sults showed that the bees with improved 
memory were enriched in the Lactobacillus 
Firm-5 bacterium, L. apis, and a higher 35 
abundance of genes associated with sugar 
and glycerophospholipid metabolism. Ex-
citingly, bees fed L. apis vs. control bacteria 
had improved memory performance. 
Metabolomic analysis revealed increases in 40 
glycerophospholipids, especially lysophos-
phatidic acid LPA (14:0). Bees fed LPA 
were found to have enhanced long-term 
memory and altered gene expression in 
their mushroom bodies (involved in learn-45 
ing and memory), thus linking microbiome 
and lipid composition to memory. 

The connection between Lactobacillus, 
its metabolites, and host memory was also 

observed in genetically diverse mouse pop-50 
ulations. Mao et al.2 integrated metabolom-
ics with mouse genome-wide association 
analysis and 16S rRNA microbiome profil-
ing. They identified specific host genes and 
gut microbes associated with memory po-55 
tential. Specifically, L. reuteri abundance 
correlated with memory improvement. In-
oculation of germ-free mice with Lactoba-
cillus improved memory and increased lac-
tate level. Dietary lactate supplement also 60 
enhanced mouse memory. This improved 
memory was linked to a higher level of the 
neurotransmitter gamma-aminobutyric 
acid in the hippocampus, an essential brain 
area for memory function. 65 

Bacterial metabolites can also impact 
animal sensory and feeding behaviours. 
O’Donnell et al.3 showed that in Caenorhab-
ditis elegans nematodes, production of the 
neuromodulator tyramine by the gut com-70 
mensal Providencia bacteria manipulates a 
host decision by bypassing the required 
host biosynthesis of tyramine. They inves-
tigated the mechanisms using metabolom-
ics, genome sequencing, and bacterial and 75 
host mutants. They found that bacterial ty-
ramine is likely being converted by host ty-
ramine β-hydroxylase to octopamine 
which targets the OCTR-1 octopamine re-
ceptor on ASH sensory neurons to reduce 80 
octanol avoidance. Interestingly, Providen-
cia colonized nematodes preferentially se-
lect Providencia as their food, promoting 
fitness of both the host and gut bacteria. 

We usually think of selection and fitness 85 
at the organismal level, challenging a clear 
view of the evolution of holobiont traits.   
As Li et al.1 point out, bees would increase 
their foraging efficiency when colonized by 
memory-enhancing bacteria. Likewise, 90 
bacteria that improve bees’ memory would 
increase their own fitness by having a 
higher dispersal probability. Yet, another 
very interesting dimension to this is that 
bees might acquire these bacteria from 95 
flowers where microbiota vary by floral 

traits, such as nectar chemistry. Presuma-
bly, plants with higher nectar sugar could 
benefit too by boosting the ability of their 
pollinators to remember their sweet flow-100 
ers, while plants with poor quality nectar 
could benefit from forgetful bees. In fact, 
there is evidence that bee-memory-en-
hancing Lactobacillus Firm-5 bacteria are 
enriched in the nectar of certain flowers.4 105 
Meanwhile, nectar microbes can in turn ex-
ert different effects on nectar chemistry, 
such as concentrations of sugars and sec-
ondary metabolites.5 In particular, some of 
the toxic or bitter-tasting metabolites in 110 
nectar can be modified by microbes, likely 
as a result of selection pressure, making 
nectar more attractive to pollinators, thus 
facilitating plant-pollinator mutualism 
while increasing microbial dispersal op-115 
portunities. 

Together these studies highlight the of-
ten-unexpected role of microbes and me-
tabolites in mediating complex processes 
and the power of integrated technical ap-120 
proaches to discover them.  
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