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Effects of Different Temperatures on the Total Carbohydrate,
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Abstract: This study investigates the effects of different temperatures on the total carbohydrate, lipid and
protein amounts of Acanthoscelides obtectus Say, which is a common cereal pest. Studies have been carried
out under laboratory conditions at 20+2°C, 30+2°C and 60+5% relative humidity. No specific photoperiodic
regimen has been used throughout the study. Total carbohydrate, protein and lipid amounts for females at 20°C
were 61.74,35.77 and 83.79 ug/individual, respectively, whereas the amounts for males were 34.94, 29.53 and
57.98 pg/individual, respectively. At 30°C, total carbohydrate, protein and lipid amounts for females were
92.00, 42.18 and 83.26 pg/mdividual, respectively. The amounts at the same temperature for males were
43.34, 34.08 and 52.19 pg/individual, respectively. In both sexes, total carbohydrate and protein amounts at 30°C
were higher than those at 20°C whereas this was not true for total lipid amounts.
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INTRODUCTION

Temperature and foods are two essential
environmental factors for the developmental time of
msects. Low temperatures and insufficient foods decrease
the growth rate but increase the developmental time of
insects (Mankin et al., 1999; Bentancourt et al, 2003,
Pervez and Ombkar, 2004; Fox et al., 2006, Colinet ef al.,
2006; Khriit ef al., 2006). Environmental temperature also
affects all biological aspects of any organism, such as its
metabolism,  behavior, ecology or  evolution
(Cymborowskiy, 2000; Lale et al, 2003, Woods et al,
2003; McMillan et af., 2005, Khrit ef al., 2006,
Coracini et al., 2007). Depending on their species,
organisms can tolerate temperature differences within
certain limits. This tolerance 1s provided through
modifying metabolic activities. Therefore, it may result in
a change in total carbohydrate, lipid and protein levels
(Woods et al, 2003, Costamagna and Landis, 2004;
Terblanche et ai., 2007).

Studies done with synthetic or natural foods have
shown that carbohydrates, proteins and lipids were the
main foods in the various physiological activities of
organisms (Carpenter et al., 2001, Pervez and Omlbar, 2004,
Zhou et al, 2004; Fox et al, 2006). It has also been
estimated that the quality and quantity of foods affect
various biological activities such as the developmental

tume, larval stages, pre-adult death rate, longevity, adult
size, fecundity and sex ratios in insects (Ellis et al., 2002;
Bentancourt et al, 2003; Karsai and Hunt, 2002;
Lale et al., 2003; Metspalu ef al., 2003; Davidowitz ef af.,
2004).

Acanthoscelides obtectus Say is a common bean
harmful that causes damage in fields and storages.
A. obtectus 1s commonly known as the bean (seed) weevil.
Adults infect dried bean pods by laying eggs m the fields.
The damage at late-harvested beans is so extensive that
sometimes there 1s no harvest at all (Atak, 1975;
Schmale et al., 2001, Papachristos et al, 2002;
Deborah et al., 2003; Porca et al., 20034, b; Schimale ef al.,
2003; Odagiu and Porca, 2003; Aslan et al, 2006;
Bello et al., 2006, Velten et al., 2007).

Similar to other pest species, the biological
characteristics of 4. obtectus must be lnown for
successful biological control. Damage caused by pests
becomes obvious when their population density exceeds
a certamn limit. Various environmental factors that affect
the reproductive capacity of females increase the
population of the pest. Tt is a well-established fact that the
reproductive capacity of adult females is affected largely
by their total carbohydrate, lipid and protein amounts
(Mankin et al., 1999, Karsai and Hunt, 2002,
Bentancourt et al., 2003; Zhou et ai., 2004, Colinet et ol ,
2006; Fox et al., 2006).
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The aim of this study were to investigate the
differences in the total carbohydrate, lipid and protein
amounts in the adult of 4. obfectus kept at two different
temperatures and to determine the effects of temperature
on the biology of this species.

MATERIALS AND METHODS

This study was conducted at Ondokuz Mayis
University, Department of Biology, Samsun, Turkey in
2002 and 2003. A. ebtectus adults, a grain harmful, were
used as subject material. The experiments were carried out
at temperatures of 2042°C and 304+2°C and 604+5% r.h.
conditions. No  photoperiod regime was put in
experiments.

The establishment of pest stock cultures: The
experiments started by establishing stock cultures of the
pest at the two different temperatures mentioned above.
A. obtectus adults were obtained from beans mfected by
the pest. Stock cultures were established by putting the
adults in one-liter glass jars filled halfway with sterilized
beans from previous years. The stocks were kept at the
temperatures and humidity mentioned above. Experunents
were carried out with adults obtained in this way.

In order to establish successive stock culture of the
pest at the laboratory conditions mentioned above, 10
female and 10 male beetles (0-5 day-old) were taken
randomly from the stocks and put in a jar (1 L) with bean
seeds at different times. The beetles placed in jars were
removed after five days. Thereafter, the jars were kept at
20 or 30°C. On the day when the new beetles were
hatched in the jars, they were arranged into groups of 10
females and 10 males for each temperature, weighed and
stored separately in 1, 5 mL eppendorf tubes for
carbohydrate, protein and lipid analyses and stored in-
8O0°C deep-freezer until the analyses were carried out. The
sex of the beetles was determined according to the
structure 1n their last abdomen segment.

Biochemical analyses

Carbohydrate analyses: Total carbohydrate determination
was performed using van Handel’s Anthrone test (1985a).
Beetles which were previously put into-80°C deep-freezer
were placed separately in 1, 5 mL. micro-centrifuge tubes
with 200 ul. 2% sodium sulphate and homogenized
mndividually using a plastic sturer. The homogenate then
centrifuged m 16,000 rpm for two min at room temperature.
After the centrifugation, 100 pl. was taken from the
supernatant in each tube, transferred to a new tube of
12%75 mm and added on 2 mL anthrone reactive. These
tubes were warmed at 100°C for 12 min. The samples were

then cooled on ice and stirred. Their absorbances were
read at 625 nm wavelength in a Jenway 6105
spectrophotometer. The absorbance values detected
were evaluated on a standard graphic. For the
preparation of this standard graphic, we used 0.1%
Glucose (Merck, 1.04074) solution. Thus we obtained
1 mg mL™" of glucose solution and then from this
solutions 25, 50, 75 and 100 pl, we prepared a linear
standard carbohydrate graphic.

Protein analyses: Total protein analyses were carried out
by using the Lowry method (Lowry ef af., 1951). Ten
beetles for each sex were separated, weighed and placed
in 10 mL tubes for each experiment temperature. Five
hundred microliter of 10% trichloroacetic acid (TCA)
solution was added to each tube, which was later placed
in a beaker filled with ice. Tt was then homogenized in an
Ultraturax homogenizer at 800 rpm for 5 min. The
homogenates obtained were then centrifuged at 3500 rpm
for 15 min. The supernatant obtained was removed. Then
500 ul. 96% ethyl alcohol was added to each tube that
contained precipitate only and stirred. This tube was then
re-centrifuged at 3500 cycle/mm for 15 mm. The post-
centrifuge supernatant in the tubes was then removed
completely. The tube with precipitation was kept ina 37°C
incubator to allow for the alcohol residue from the earlier
operation to evaporate completely. Lowry method was
carried out on the tubes. Their absorbance was read at
695 nm level in a Jenway 6105 UV/VIS spectrophotometer.
The absorbance values were evaluated on a standard
graphic. For preparation of protemn standard graphic, we
used 0.1% Bovine Serum Albumin (BSA) (0.1 g BSA
dissolved in 100 mL distilled water) (Mercl, 1.12018)
solution, thus we obtained 25, 50, 75, 100, 150, 200, 250 nL
from the 1 mg mL ™" of BSA solution prepared, performed
the Lowry method (1951) and prepared linear, standard
protein graphic. Values obtained in the experiments were
calculated according to this graphic.

Lipid analyses: A method modified from van Handel
(1985b) and Waburg and Yuval (1996) was used for the
total lipid analyses. Adult beetles previously grouped
into 10 according to sex and then weighed were used in
the analyses. Then, each individual was homogenized
using a plastic stirrer in a 1.5 ml centrifuge tube
containing 200 pl. 2% sodium sulphate. Thirteen hundred
microliter chloroform: methanol mixture (2:1) was then
added to the tubes, which were centrifuged for 10 min at
8000 rpm. 500 pl. supernatant was taken from each tube
after the centrifugation process, placed in 12x75 mm tubes
and chloroform-methanol mixture in each tube was
evaporated by nitrogen. This tube was later added 500 pLb
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concentrated sulphuric acid solution and warmed at 100°C
for 10 min. The tubes were cooled on ice and put aside to
bring back to room temperature. One hundred microliter
from the tube was placed in a new 12x75 mm tube, added
900 pL phospho-vanillin reactive and stirred for 30 mm at
room temperature to form any color. Absorbance values
of the tubes were then read at 530 nm absorbance value in
a Jenway 6105 spectrophotometer. In order to compare
absorbance values, standard and lipid standard graphics
were prepared. 0.1% corn oil (Fluka, 63156) was used in
preparing the lipid standard graphic, thus yielding
1 mgml.~" of Corn cil solution. Then 25, 50, 75 and 100 ul.,
were taken from this solution to prepare a linear, standard
lipid graphic. Values obtamed from experiments were
calculated according to this graphic.

Each of the carbohydrate, protein and lipid analyses
were repeated five times with samples taken randomly
from the populations at different times for each
temperature tested.

Statistical analyses: All statistical analyses were carried
out using the statistical package SPSS for Windows
(version 12.0). One-way Variance Analysis (ANOVA) was
used in the comparison of groups. When there was a
significant difference between groups, the significance
level of the differences in means was checked using

83.26 pgfindividual, respectively. On the other hand,
average male equivalent of total carbohydrate, protein
and lipid amounts at 20°C are 34.94, 29.53 and
57.98 pg/mdividual, respectively. At 30°C the amounts for
males are 43.34, 34.08 and 52.19 pg/mdividual, respectively
(Table 1).

DISCUSSION

Environmental temperature plays a major role in the
development and longevity of animals. This is particularly
important for poikilotherms whose body temperature
varies with that of the environment. On the other hand,
homeotherms keep their body temperature at a certain
level. The energy required to do this 1s obtaned from its
metabolic activities. A great majority of the energy gamed
from metabolic reactions 1s used to perform various vital
activities such as movement, growth, reproduction and
nutrition. In animals, most of the energy obtained during
development is used for growth. Generally, a rise in the
temperature the metabolism of living
organisms, provided that the temperature stays within
the limits required for survival. Several studies done
species shown  that
temperature rise leads to increased metabolic rate, thus

increases

on various insect have

decreasing the development period and causing an

mndependent-samples  t-test. p<0.05 was considered  increase in stored foods (Mankin et af., 1999; Lale et al.,
statistically sigmficant. 2003, Taveras et al, 2004, Khrit et al, 2006,
Coracim ef al., 2007). The results of the present study are

RESULTS in line with these findings, especially for carbohydrate

The results related to the effects of two different
temperatures (20 and 30°C) on the total carbohydrate,
protein and lipid amounts of 4. obtectus were given in
(Table 1).

The carbohydrate and protein levels at 20 and 30°C
are considerably different whereas no such difference
exists in lipid amounts. At 20°C, average female equivalent
of total carbohydrate, protemn and lipid amounts are
61.74, 3577 and £3.79 pg/individual, respectively. At
30°C the same values for females are 92.00, 42.18 and

and protein amounts.

When an insect emerges as an adult, it is completely
foreign to its environment. Therefore, it has to store a
certain amount of foods during its pre-adult
developmental time to swvive in this dangerous new
environment. By doing so, it can look for nutrition and a
mate during the adult stage. If it is deprived of food
during this search, it uses previously stored foods.
Naturally, stored nutrients are to be exhausted;, however,
adult msects can continue to recreate depositing of foods
and utilize them for their adult vital activities. Various

Table 1: Total carbohydrate, protein and lipid amounts of Acanthoscelides obtectus adults at two different temperatures

Amounts of main organic matter (ug/individual)

20°C 30°C

Females Males Females Males
Type of main organic matter *Mean=SD
Carbohydrates 61.744+0.60a 34.94+1.40b 92.00+£3.90c¢ 43.3442.40d
Proteins 35.77+1.84a 29.553+1.6% 42.18+6.13c¢ 34.08+3.93d
Lipids 83.79+4.88a 57.98+7.96b 83.26+7.77a 52.1945.06b

*Means of five replicates, each with ten individuals. **Means within the same line followed by the same letters are not statically different ( p<0.035)
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researchers have shown that, in general, female insects
store more carbohydrates, proteins and lipids than males
in both pre-adult and post-adult stages. This was also
observed i the present study made on 4. obtectus
(Table 1).

Like other multi-cellular organisms, beetles are known
to be able to store carbohydrates taken from their foed for
later use as fuel Tnsects usually convert carbohydrates
mto lipids and glycogens. Lipids help animals to store as
many foods as possible without extensively increasing
their body weight. By doing so, they can produce energy
and perform their other activities. Therefore, insects store
most of their foods as lipids. Additionally, since lipids
give more energy than others, it 15 advantageous for
animals to store lipids. Poikliotherms do not depend on
lipids for the mamtenance of their body temperature so it
is not surprising that samples of the same sex contain the
same amount of lipids at different temperatures. Whle
Diptera orders  use
carbohydrates as their main energy source, orders such as

and Hymenoptera stored
Lepidoptera and Orthoptera use lipids for the same
purpose (Ellis et al., 2002; Costamagna and Landis, 2004)
Siumilarly, 4. ebtectus stores excessive lipids, too.
However, at the two temperatures tested no significant
difference was found between the amounts stored by
samples of the same sex. This may be due to the fact that
lipids are used at the same rate at both temperatures
(Table 1).

Studies made on unfed insects have shown that they
primarily use carbohydrates as fuel and, upon the
depletion of these, they resort to using stored lipids and
proteins. Further, it has been shown that insects that are
completely starved lose so much of their body lipids that
they risk death. Therefore, one reason why insects
generally store a large amount of lipids may be as a
precaution towards delaying this critical threshold level.
The amount of lipids in insects depends on many factors
such as development, nutrition, environmental
temperature, sex, starvation, diapause and exposure to
cold weather. Female msects normally contain more lipids
than males, probably because they use lipids to create
their eggs (Table 1). It 13 a well-established fact that
msects can synthesize lipids from nutrients that do not
contain precursor materials needed for lipid synthesis.
Wigglesworth (1972) showed that starving mosquitoes
that had lost all their fat reserves later managed to
mcrease these reserves agamn when they were fed on
proteins, amino acids and sugar. He also showed that
insect can convert certain amino acids into carbohydrates

and that starving mosquitoes with very low glycogen
reserves can renew their carbohydrate reserves when
fed on nutrients containing casein, alanine and glutamic
acid but no lipids. Thus, he was able to prove that insects
arrange the metabolic relationship between their nutrients
in a way that enables them to meet their needs.

The ability of msects to convert main food
components is made possible by their enzyme systems,
which give them an additional energy load. Previous
studies have revealed that insects use carbohydrates as
their mam fuel; they store any excess carbohydrates as
glycogens and lipids. They use lipids for certain metabolic
activities, particularly for egg production. The existence
of a relationship between the type and amount of stored
foods and the body size of the animal has also previously
been shown through various studies. Insects with a
greater body size tend to store glycogens, or in some
cases lipids for more energy. The present study shows
that adults of the same sex store lipids and carbohydrates
more than they do proteins (Table 1). Studies performed
on various insect species have given no relationship
between proteins and/or protein pro-cursors and the body
size of the msect and therefore concluded that proteins
have an important role in the structural activities of
insects.

In the present study, beetles were found to contain
less carbohydrates and protein in low temperatures (20°C)
than n higher ones (30°C). Insects are less active in low
temperatures than they are in high temperatures, so they
can avoid storing food components.

CONCLUSION

Low temperatures decrease metabolic activity in
orgamisms, which increases pre-adult developmental time.
Certain temperatures are known to completely pressurize
development. The results of the present study imply that
low temperatures decrease the total carbohydrate and
protein amounts but not lipid amounts. Therefore
biological control attempts against this pest should start
with supplying low temperatures. Storages should be kept
at 10-15°C so that 4. obfectus and other possible pests
give mimmal damage to crops.
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