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Effects of heat stress on physiological and biochemical m
echanisms of insects: a literature review
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Abstract Temperature determines life of insects more than many other environmental factors. Th
e most popular method to predict the population development of insectsis based on the initial po

pulation density of insects at certain time and the environment temperatures during a certain time p,
eriod. However, the accuracy of the prediction may reduce because of the unknown effects of ve
ry complicated high-temperature patterns under field conditions on development, reproduction an
d survival of the insects. We summarized and reviewed the research results of physiological and bi
ochemical effects of high-temperature on insects. Extreme high-temperature lead to the wax of th

e cuticle breaking down, lipid melting, and permeability to water consequently increasing dramatic
ally. The concentrations of important ions in insect cells are changed at high-temperature, then con
sequently altering the charge state of the macromolecular components of the cell and influencing th

e function of the macromolecules. High-temperature makes cytoskel eton collapse and causes cell

AIAE R

¥k Supporting info

k [PDF4:3C](291KB)
k [HTML 4> 3] (OKB)
» B

Jk 55 55 B 5t

P AR S R
P IO FRH A4

F Email Alert

¥ 3O A

F 58 S HE R
HHRAF R
AT G R B AR,

Atk TERIHLIE” B AR SCE
ZSE(Ex P

58

DR

i
S

A

X
=
-+

s destroyed, the fatty acid composition of its phosphoglycerides changed and the "fluidity” of cellul
ar membranes reduced. High-temperature results in an increase in the kinetic energy of the macro
molecule, thereby decreasing theionic, hydrogen, and van der Waals bonds and increasing hydro




phobic interactions of the macromolecule. This, in turn, reduces the ability of the macromoleculet
o0 hold its shape and spatial conformation. The structures and functions of DNA and RNA are cha
nged at high-temperature, thus the stable heredity of charactersis badly affected. The kinds of pr
oteins and quantities of each onein cell are changed. At high-temperature, the normal pattern of p
rotein synthesisis suppressed, whereas the system for heat-shock conditions is opened. The spati
al conformation and function of normal proteins are altered, and new proteins (such as heat shoc
k protein) are produced at the same time. High-temperature inhabits the activity of acetylcholinest
erase and disturbs the nerve conduction, and consequently makes insects lose the ability of escapi
ng from detrimental conditions. In addition, the metabolism of lipids and oligosaccharide (e.g. fuco
se) is affected by high-temperature. We discussed the potential logic relations of various changesi
n physiology and biochemistry of insects at high-temperature, and suggested a hypothesis about th
e heat injury process to insects. The injury mechanisms of high-temperatures on insects maybe diff
er at varying temperature degrees. At last, we pointed out the important aspectsin this area neede
d to be investigated in future. It includes (1) the most sensitive part of the insect's body to high-te
mperature; (2) key steps to form a complete mechanism of heat injury to insects; (3) mechanism f
or induction of heat tolerance; and (4) reasonsin biochemistry for different responses of differen

t devel opment stages of insectsto heat stress.
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