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Changes of respiration rate and fatty acid composition in cell
membranes of pupae of the large cabbage white, Pieris brassicae
(Lepidoptera: Pieridae) during winter
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Abstract

Cell membranes are very sensitive to low temperatures and undergo changes and adaptations to prevent
this damage. One of the most common changes is the increase in unsaturated to saturated fatty acids
ratio of phospholipids, which leads to increase the fluidity of membranes at low temperatures. In this
study, overwintering pupae of the large cabbage white, Pieris brassicae were collected during
November 2014 to April 2015. To investigate the metabolic quiescent, changes in respiratory gases (O2
and CO2) and respiration rate (CO2/O2) were measured using GC. After extracting the whole body
lipids, phospholipids were separated from other lipids by solid phase extraction (SPE) and then fatty
acids and their changes were investigated using the GC. Respiration rate decreased about 30% from 0.9
in November to 0.6 in February and March, indicating that metabolism has reached to its lowest level
during these period and insect has been in deep pupal diapause. Two 16-carbon and four 18-carbon
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fatty acids were identified in cell membranes. During winter, the highest decrease was observed in two
saturated fatty acids C16: 0 and C18: 0 and the highest increase occurred in C16: 1. In general,
unsaturated /saturated fatty acids ratio increased about 40 percent during the winter months. The results
indicated that in spite of decreasing metabolism level in the whole body, in order to enhance the cold-
hardiness, dynamic changes occurred in cell membranes, allowing insect to adapt successfully to winter
hard conditions.
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Fig. 1. GC chromatogram of respiration gases of an air sample (A) and a sample of overwintering pupa
of large cabbage white, Pieris brassicae, collected in January 2015.
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Table 1. Changes of respiration gases (COz and O2) of the overwintering pupae of large cabbage white
(Pieris brassicae) collected from November 2014 to April 2015.

Respiration (pl/g/h) (Mean + SE)

Months
CO; O
Nov 397.82 £19.47 a* 419.72 £16.33 a
Dec 340.86 + 16.68 ab 379.97 +8.06 ab
Jan 203.26 £ 13.20 cd 250.76 +£23.98 cd
Feb 172.39+9.34 d 256.22+12.78 d
Mar 158.79+9.86 d 24435 +12.09 d
Apr 277.58 +26.23 bc 330.85 +22.97 hc

L e S Q)»)TLJM)AO Jlez| c]a..:)))\:"('.ms_‘:‘wﬁ-‘))q-} ple odins Ol Ot o 3 aslie L > 3
*The values in each column labeled with the same letters are not significantly different at

5% probability level using Tukey’s test.
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Fig. 2. Changes of respiration ratio (CO2 / Oz) of the overwintering pupae of large cabbage white, Pieris

brassicae collected from November 2014 to April 2015. The values labeled with the same letters are
not significantly different at 5% probability level using Tukey’s test.
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Table 2. Changes of palmitic (C16:0), palmitoleic acid (C16:1), stearic (C18:0), oleic (C18:1), linoleic
(C18:2) and linolenic acid (C18:3) and unsaturated to saturated fatty acids ratio (UFA/SFA) of the
overwintering pupae of large cabbage white (Pieris brassicae) collected from November 2014 to April
2015.

Fatty acids (%) (Mean + SE)

Month C16:0 Cle:l C18:0 cl8:1 C18:2 C18:3 UFA/SFA
Nov 31.8 +£4.6 ab* 8.59+0.75b 7.7+158 ab 27.9+4.04a 53+035a 18.8+2.68a 1.65
Dec 39.2+271a 546+213b 48+0.75 b 276+4.28a 46+042a 183+3.78a 1.29
Jan 220+156b 758+212b 6.3+0.91 ab 38.8+227a 7.1+0.78a 182+249a 2.57
Feb 225+0.75Db 17.0+0.68 a 44+022 b 36.9+092a 6.7+0.90a 125+0.46a 2.72
Mar 23.9+1.38b 124+11ab 5.6+0.48 ab 348+059a 6.2+0.66a 171+1.26a 241
Apr 28.5+2.05ab 8.11+204 b 105+0.98a 253+562a 9.6+3.04a 18.0+4.27a 1.59
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*The values in each column labeled with the same letters are not significantly different at 5%
probability level using Tukey’s test.
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