
THERMOTAXIS

Some like it hot, but not too
hot
A temperature-sensitive receptor prevents mosquitoes from being

attracted to targets that are hotter than a potential host.
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F
rom warm summer days to cold winter

nights, temperature is a ubiquitous sen-

sory stimulus. All animals rely on their

ability to detect environmental temperatures to

avoid harm and to seek out more optimal condi-

tions. Some animals, such as mosquitoes, also

use their temperature sensors for a more nefari-

ous purpose: to locate warm prey for a blood

meal.

The ability of the mosquito to home in on

warm bodies was first recognized over a century

ago (Brown, 1951; Howlett, 1910), but the

details of this behavior are still not fully under-

stood. Now, in eLife, Roman Corfas and Leslie

Vosshall from Rockefeller University report on

the molecular basis of temperature-sensing

behavior in Aedes aegypti, the mosquito that

spreads yellow fever (Corfas and Vosshall,

2015). They show how avoiding high tempera-

tures can stop these insects from being attracted

to targets that are too hot to represent a suit-

able host: in other words, while these mosqui-

toes like it hot, they don’t like it too hot.

Corfas and Vosshall’s study is grounded in

previous work on the fruit fly Drosophila mela-

nogaster (Barbagallo and Garrity, 2015). Fruit

flies use at least two molecular receptors to

guide their movements in response to warmth

(Hamada et al., 2008; Ni et al., 2013), and

while about 250 million years of evolution sepa-

rate flies and mosquitoes, versions of each

receptor are present in A. aegypti. It is unclear

precisely where these receptors, TRPA1 and

GR19, are expressed in Aedes mosquitoes, but

in the malaria-spreading mosquito Anopheles

gambiae, TRPA1 is expressed at the tips of the

antennae (Wang et al., 2009). This is intriguing,

because the tip of a mosquito antenna houses

very sensitive thermoreceptors that could

help drive host-seeking behavior (Davis and

Sokolove, 1975).

Female mosquitoes normally prefer tempera-

tures around 23˚C. However, a puff of carbon

dioxide (which could indicate that a metaboli-

cally active host is nearby) drives the mosquitoes

to seek out temperatures that are closer to the

body temperature of a mammal or bird (that is,

between about 37˚C and 43˚C;
McMeniman et al., 2014). Corfas and Vosshall

started by further characterizing this heat-seek-

ing behavior. They found that mosquitoes were

strongly attracted to a target when it was heated

to temperatures above ambient, but only up to

~50˚C. When it got hotter, this attraction

declined strongly.

To probe the molecular mechanisms that

might control this response, Corfas and Vosshall

exploited genome-editing techniques to knock

out the genes for GR19 and TRPA1 in A.

aegypti. They found that mosquitoes lacking
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GR19 behaved like wild type mosquitoes and

showed normal responses to heat. However,

mosquitoes without TRPA1 continued to be

attracted to the target even when its tempera-

ture reached potentially harmful levels (> 50˚C).
While the ability of animals to avoid high tem-

peratures is commonly viewed from the perspec-

tive of damage avoidance, Corfas and Voshall

raise the possibility that this response could also

help a heat-seeking mosquito to choose among

multiple potential targets. In fact, when tested

for their ability to discriminate between two hot

targets (one at 40˚C, the other at 50˚C), TRPA1-
knockout mosquitoes showed a greatly reduced

preference for a 40˚C target over a 50˚C target.

Thus, while TRPA1 is not required for heat seek-

ing, per se, it helps to set an upper limit on the

temperatures mosquitoes seek, which prevents

them from being attracted to stimuli warmer

than their hosts.

While the work of Corfas and Voshall advan-

ces our understanding of temperature sensing in

A. aegypti, the identity of the receptor (or

receptors) that drives heat-seeking behavior

remains elusive. However, the recent use of

rapid genome-editing techniques in Aedes mos-

quitoes (including the CRISPR-Cas9 system;

Kistler et al., 2015), has dramatically simplified

the study of the function of genes in this organ-

ism. This greatly increases the likelihood that

more of the molecules behind heat seeking and

other mosquito sensory responses will be uncov-

ered in the near future. As mosquito-borne ill-

nesses kill more than a million people every

year, interventions that can reduce the spread of

such diseases are crucial. It is hoped that an

increased understanding of how mosquitoes tar-

get their hosts can help accelerate the develop-

ment of new control strategies.
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