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Effects of temperature on major physiological indicators of cold
tolerancein Apis cerana cerana and Apis mellifera ligustica
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Abstract [Objectives] To investigate the physiological mechanisms responsible for differences in cold tolerance between
Apis cerana cerana and Apis mellifera ligustica. [Methods] Twenty-day old adult worker bees of each species were exposed
toeither 0 ,10 and25 for 4 hin a constant temperature and humidity incubator after which their glucose, glycerin
and amino acid content was detected. [Results] The glucose content of A. c. cerana decreased significantly at 0 and
10  whereas that of A. m. ligustica decreased in the 0  treatment group but increased in the 10 °C treatment group.
Glycerin content increased withat 0  and 10  in A. c. cerana but increased in the 10 °C treatment group, and underwent
no significant changeinthe0  group, in A. m. ligustica. Temperature significantly affected amino acid levelsin A. c. cerana;

16 of the 17 amino acids measured declined inthe 10 ~ group and increased inthe 0 group. In contrast, levels of only 15
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amino acids changed dramatically with temperature in A. m. ligustica. Most amino acids increased as temperature decreased,
except leucine and arginine which decreased at low temperatures. [Conclusion] Levels of glucose, glycerin and amino acids
were significantly affected by temperature, which suggests that there may be a “glucose-glycerin-amino acid” system that
enhances cold hardiness in A. c. cerana and A. m. ligustica. The different effects of temperature on levels of these
cryoprotectants in these two species may to some extent explain their different degrees of cold tolerance. This study provides a
foundation for further study of the physiological mechanisms underlying cold tolerance in honey bees, and a theoretical basis
for breeding of new, more cold-resistant strains.
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Tablel Theamino acid contents of Apis cerana cerana and Apis mellifera ligustica
in different temperatur e treatments

Apis cerana cerana Apis mellifera ligustica
. . Varietal
Amino acids 0 10 25 0 10 25 difference
Asp  13.27+0.13% 10.33+0.08° 11.12+0.19° 11.12+0.04* 9.12+0.21°  9.00+0.09" *x
Glu  20.53+0.07% 13.04+0.09° 18.15+0.06° 16.83+0.08% 12.33+7.88* 13.11+0.06% ns
Cys 5.36+0.16% 4.42+0.04° 3.54+0.05° 3.72+0.07% 3.46+0.09° 3.78+0.01% *x
Ser  10.86+0.02° 6.74+0.13° 8.33+0.01° 6.70+0.01° 6.96+0.01* 5.97+0.01° *x
Gly  11.26+0.03° 7.99+0.04° 8.78+0.01° 9.24+0.02° 9.18+0.01° 8.48+0.02° ns
His 6.84+0.01%* 5.13+0.09° 5.37+0.05° 2.99+0.01° 3.23+0.02° 2.77+0.01° *x
Arg  1455+0.12* 9.87+0.11° 10.78+0.09° 7.26+0.02° 7.82+0.02*  7.34+0.02° *x
Thr 8.82£0.03* 5.94+0.07° 6.62+0.18° 5.18+0.02° 5.37+0.01*° 4.74+0.01° *x
Ala  14.52+0.05° 10.60+0.21° 10.86+0.09° 10.87+0.02* 10.76+0.01° 9.82+0.01° *x
Pro  13.06+0.11% 9.23+0.13° 9.98+0.01° 10.99+0.01* 10.68+0.03" 10.46+0.01° ns
Tyr 8.47+0.01* 6.23+0.1°  6.64+0.03° 5.14+0.58® 5.70+£0.05% 5.01+0.01° *x
va  10.94+0.02° 8.20+0.11° 8.68+0.06° 7.51+1.75% 8.63+0.01*> 7.81+0.01% *x
Met 4.14+0.03* 3.32+0.05° 3.44+0.05° 3.02+0.01° 3.43+0.01* 2.55+0.01° *x
lle 9.38£0.02* 6.89+0.17° 7.52+0.06° 6.90+0.03° 7.47+0.07® 6.78+0.02° *x
Leu 15.78+0.03* 11.39+0.32° 12.36+0.14° 11.16+0.01° 12.31+0.06% 11.62+0.03° *x
Phe 7.28+0.01* 5.46:£0.12° 5.94+0.01° 4.93+0.008° 5.10+0.01* 4.70+0.01° *x
Lys 12.83+0.03% 9.30+0.11° 10.36+0.01° 9.08+0.02° 9.40+0.01* 8.46+0.01° *x
+ P<0.05 **
0.01 P<001 ns P>0.05

Data are mean+SD, and followed by different lowercase letters indicate significant difference among treatments in the same
species at the 0.05 level, nsindicate that there are no significant difference between different species in amino acid contents.
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