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To anticipate the effects of climate change, one needs mechanistic knowledge on the 

biochemical and physiological pathways underlying temperature plasticity. Remodelling of 

cell membrane fatty acids in response to changes in environmental temperature by ectotherms 

helps to maintain membrane function. We investigated the RNA expression of genes coding 

for various desaturase enzymes, which are believed to underlie the thermal fatty acid response 

in the springtail Orchesella cincta. Animals were acclimated to either 5°C or 25°C for one 

week, then transferred and sampled at 2, 5, 8, (28) and 97h after the temperature transfer. 

RNA expression of ∆4, ∆5, ∆6, ∆9, and ∆11 desaturase was determined using quantitative 

PCR (qPCR). The results show that, in contrast to the expectation, expression of ∆5, ∆6, and 

∆9 desaturase was higher in response to warm temperature than in response to cold 

acclimation. Possibly explanations for this observation are the involvement of diet or a 

posttranslational effect. Expression of ∆4 and ∆11 desaturase was also higher during warm 

acclimation, but due to their involvement in reproduction this response can possibly be 

explained by increased reproduction at higher temperature.  
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Introduction 

Oscillations in the earth’s climate lead to associated fluctuations in the temperature regimes of 

many marine and terrestrial ecosystems. To anticipate the effects of climate change, one needs 

mechanistic knowledge on the biochemical and physiological pathways to cope with thermal 

fluctuations. The transition of cell membranes from a liquid crystalline phase to a gel phase is 

one of the important causes of cold injuries under non-freezing conditions (Drobnis et al., 

1993). Increasing proportions of unsaturated fatty acids is considered to help maintaining the 

liquid crystalline phase of cell membranes at low temperatures (Hazel, 1995; Hochachka and 

Somero, 2002). This remodeling of cell membrane lipids in response to changes in 

temperature is termed homeoviscous adaptation (HVA). HVA at low temperatures has been 

studied in several arthropods: Drosophila species (Ohtsu et al. 1993), Collembola species 

(Chapter 6, this thesis), Eurosta solidaginis (Bennett et al., 1997), Delia antiqua (Kayukawa 

et al., 2007), Cymbalophora pudica (Kostal and Simek, 1998), Chymomyza costata (Kostal et 

al. 2003), and Sarcophaga crassipalpis (Michaud and Denlinger, 2006). For example, in S. 

crassipalpis oleic acid constituted 47% of the total fatty acid pool after rapid cold hardening 

and 58% of the total fatty acid pool on entering diapause compared to a basal level of 30%. 

This change represents a considerable remodeling of both fatty acid metabolism and 

membrane structure (Michaud and Denlinger, 2006). 

 Remodeling of fatty acid composition, to increase the proportion of unsaturated fatty 

acids in the membranes, can be conveniently divided into de novo synthesis or acquisition via 

the food. The process of de novo synthesis to produce long-chain fatty acids involves the 

participation of two enzymes, acetyl-CoA carboxylase and fatty acid synthase (Gurr et al., 

2002). In most systems, a small precursor molecule (acetyl) gives rise to C16 products by 

gradual lengthening by C2 units. Once the long-chain fatty acids have been made or have been 

acquired via the food, various modifications can take place (Figure 1), of which elongation 

and desaturation are the most important (Gurr et al., 2002). We know from ∆9 desaturase 

enzyme that it converts C16:0 to C16:1n7, or after elongation of C16:0, C18:0 into C18:1n7 (Stanley-

Samuelson et al., 1988). The ∆6 desaturase enzyme converts C18:2n6 into C18:3n6 and C18:3n3 

into C18:4n6. After elongation of these ∆6 desaturase products, ∆5 desaturase further converts 

C20:3n6 into C20:4n6 and C20:4n3 into C20:5n3 (Stanley-Samuelson et al., 1988). The understanding 

of the control of fatty acid desaturation, however, is yet sparse compared to that of fatty acid 

synthase, because of the inability to obtain purified enzymes for raising antibodies needed to 

study regulatory control (Tiku et al., 1996; Gurr et al., 2002).  

Wodtke and Cossins (1991) first identified the enzyme (acetyl-CoA) ∆9 desaturase to 

be involved in increased membrane fluidity in response to cold acclimation in poikilothermic 

animals. They found that in carp liver, cold induces an 8- to 10-fold increase in enzyme 

activity of ∆9 desaturase in a pattern parallel to the change in membrane polarization. Since 
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then, the enzyme ∆9 desaturase has been found to play an essential role in HVA by increasing 

the ratio of unsaturated to saturated fatty acids in cell membranes and is expressed by 

transcriptional mechanisms at low temperatures in fish (Tiku et al., 1996), bacteria (Sakamoto 

and Bryant, 1997), plants (Vega et al., 2004), nematodes (Murray et al., 2007), and insects 

(Kayukawa et al., 2007). Based on their broad tissue distribution, it has been proposed that 

they are important for homeostasis and development in addition to being involved in sex-

specific pheromone production (Liu et al., 1999; Lassance et al., 2010). Moreover, Kayukawa 

et al. (2007) demonstrated their role in cold hardiness, showing an increase in expression of 

∆9 desaturase with cold hardiness in Delia antiqua, which were accompanied by a 

concomitant increase in the production of palmitoleic and oleic acids (C16:1n7 and C18:1n9, 

respectively). 

Desaturation of acyl chains is a common chemical reaction in nature. The reverse 

process, namely the hydrogenation of double bonds, is found in only a few organisms. These 

organisms are commonly found in the rumens of cows, sheep and other ruminant animals 

(Gurr et al., 2002). Due to this one-way direction of unsaturation, research has typically 

focused on the effects of cold acclimation or comparative studies on cold and warm adapted 

species (Tiku et al., 1996; Logue et al 2000, Murray et al., 2007). Tiku et al. (1996) 

demonstrated that within five days after temperature transfer the amount of mono-unsaturated 

fatty acids increased and the amount of saturated fatty acids decreased during cold 

acclimation, while the ∆9 desaturase (converting C18:0 into C18:1) gene-expression increased 

over the same time-span. 

In this study we investigate the expression of desaturase genes in response to 

temperature in the springtail Orchesella cincta. O. cincta is a surface-dwelling soil arthropod 

that shows strong thermal acclimation responses in growth rate (Ellers et al., 2008), 

supercooling point (Bahrndorff et al., 2007) and fatty acid composition (Van Dooremalen et 

al., 2009; Van Dooremalen and Ellers, 2010; Van Dooremalen et al., 2011). Previous studies 

showed that O. cincta changed its storage and membrane lipid composition in a similar way to 

temperature (Van Dooremalen and Ellers, 2010). In response to cold, we observed a decrease 

in the fully saturated fatty acids C16:0 and C18:0, while monounsaturated fatty acids C18:1n7 

C18:1n9 increased. The enzymes involved in these modifications are ∆9 desaturases; hence we 

expect up-regulation of ∆9 desaturase genes during cold acclimation. Simultaneously, cold 

acclimation changed the composition of polyunsaturated fatty acids, with a decrease in C18:2n6 

and C18:3n3, and an increase in C20:4n6 and C20:5n3. This transition is enabled by ∆5 and ∆6 

desaturase enzymes; therefore we also expect a higher RNA expression of ∆5, ∆6 desaturase 

genes during cold acclimation compared to warm acclimation.  
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Figure 1. Schematic illustration of the major steps in fatty acid desaturation and elongation. The sites 

of the common ∆5, ∆6, ∆9 desaturase and elongase (e) are shown. The ∆11 desaturase (grey) has 

not commonly been described (Roelofs and Wolf, 1988; Liu et al., 1999), and the ∆12 desaturase 

mostly lacks in insects species (Cripps et al., 1987; de Renobales 1987). The ∆5 and ∆6desaturases 

are encoded with FADS1 and FADS2. C16:0 is acquired via biosynthesis from acetyl CoA or via the 

food, the essential fatty acids C18:2n6 and C18:3n3 need to be acquired via the food when species lack 

∆12 desaturase. 

 

 

Method 

Animals  

O. cincta was taken from the laboratory culture at the department of Animal Ecology, Vrije 

Universiteit, Amsterdam. This population originated from a pine forest at Roggebotzand 

[52°32’60”N, 05°50’60”E] and has been kept in the laboratory for two decades, regularly 

supplemented with newly collected individuals from the original site. Animals were kept at 

15°C in plastic vials with a bottom of water saturated plaster of Paris, and a photoperiod of 

12:12 (L:D). Small pieces of bark overgrown with green algae (Desmococcus sp.) served as a 

food source. Food was regularly checked and always kept in excess.  

Experimental set-up. Adult O. cincta of approximately the same body size were collected 

randomly with regard to sex and divided into two groups. Each group was placed at either 

5°C or 25°C for one week. At day 7, both groups were transferred to the opposite temperature 

Acetyl CoA

C18:1n7

C16:0
C18:0

C16:1n7 C18:1n9C18:1n7

∆9 ∆9∆11

e

e

Diet

C20:3n6

C18:3n3

C18:4n3

∆6

e

Diet

∆6

C18:3n6

e

C20:4n3

∆5 ∆5

C20:4n6
C20:5n3

(∆12)

Diet

C18:2n6

Acetyl CoA

C18:1n7

C16:0
C18:0

C16:1n7 C18:1n9C18:1n7

∆9 ∆9∆11

e

e

Diet

C20:3n6

C18:3n3

C18:4n3

∆6

e

Diet

∆6

C18:3n6

e

C20:4n3

∆5 ∆5

C20:4n6
C20:5n3

(∆12)

Diet

C18:2n6



 105

at 8h00 (time point 0h). Subsequent samples were taken of both temperature groups at 2, 5, 8, 

(28) and 97h after the temperature transfer. For each sampling moment and temperature, 4 

replica samples were taken, containing 5 pooled individuals per sample (random sex). The 

samples were frozen in lipid nitrogen and stored at -80°C until RNA extraction took place.  

 

RNA extraction and sample preparation 

Total RNA was extracted using the SV Total RNA Isolation System (Promega) following the 

manufacturer’s protocol. Approximately 2 µg of total RNA was reverse transcribed with an 

oligo(d)T and M-MLV reverse transcriptase (Promega) in a volume of 25 µl. The cDNA was 

diluted 1:4 with water before use. 

The gene fragment ∆9-desaturase was picked up from O. cincta with degenerate 

primers (Table 1), developed on an alignment of 17 homologue ∆9-desaturase sequences from 

different species. The obtained PCR fragments were purified, ligated in pGEM-T vector 

(Promega) and cloned in E. coli XL1-blue (Stratagene). Plasmids from positive colonies were 

isolated using Wizard SV Miniprep DNA Isolation System (Promega) and sequenced using 

Big Dye cycle sequencing kit v1.1 (Applied Biosystems) on an ABI 3100 avant.  

For the resulting ∆9-desaturase fragment of O. cincta (435bp, sequence and translation 

to protein in Appendix 1) a primer set was developed, using Primer Express version 1.5 

(Applied Biosystems) with the following parameters: annealing temperature of 60˚C, 

amplicon length of 80-120 bp, and GC content of 45-55%.  

 

 

Table 1. Degenerate primers used to sequence part of the ∆9 desaturase from O. cincta. The 

degenerate primers were developed on an alignment of 17 homologue ∆9-desaturase sequences 

from different species 

∆9_desat_F1 GACCACCGKGTCCATCAYAART 

∆9_desat_F2 GGSTTCTTYTTCKCNCATAT 

∆9_desat_R TARTTGTGCCANCCTTCACC 

  

 

 

qPCR analysis 

In order to determine qPCR efficiency, a standard curves was obtained for the primer set with 

four fold dilutions of a standard batch cDNA (Pfaffl, 2001) in triplicate. The gene fragments 

acyl ∆11 desaturase (2 fragments), ∆9 desaturase, stearoyl desaturase 5, fatty acid desaturase 

2, sphingolipid ∆4 desaturase, and fatty acid desaturase 1 (2 fragments) were obtained from a 

sequence database generated by a cDNA DeNovo sequencing project and annotated using 

blastx (Blast2Go) (Roelofs, unpublished data; Appendix 2). qPCR primer sets for these 9 

fragments were developed and tested as described above (Table 2). qPCR was performed on 
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the experimental cDNA’s to yield cycle threshold values (Ct) in triplicate for target genes and 

internal control (Beta-actin) (De Boer et al., 2009). A mean normalized expression value 

(MNE) was calculated from the obtained Ct values with the Q-Gene module developed by 

Muller et al. (2002).  

Desaturase responses were tested using ANOVA with the MNE as function of 

temperature, time, and the interaction between temperature and time, with a Bonferroni 

posthoc test on the interaction term. Assumptions for normality were met in all tests.  

 

Results  
RNA expression was detected for all desaturase genes at each time point investigated in this 

experiment, for O. cincta acclimatized to 5°C as well as 25°C. Temperature significantly 

affected expression levels. For nearly all genes and time points, gene expression was higher 

during warm acclimation than during cold acclimation (Figures 2-4, Table 3). We also found 

a significant effect of duration of acclimation period but only for warm acclimation. During 

cold acclimation, no significant temporal variation in expression levels was observed for any 

of the genes.  

The pattern of temporal variation in transcription levels differed between desaturase 

genes. Sphingolipid ∆4 desaturase RNA expression showed a decrease in expression levels 

over time during warm acclimation, with significantly lower expression at 8 and 97 hours 

compared to 2 and 5 hours (Figure 2). The two ∆5 desaturase genes showed very different 

expression patterns. Fatty acid desaturase 1 expression did not differ over time at either of the 

two acclimation temperatures (Figure 3A). In contrast, expression of fatty acid desaturase 1* 

was significantly down regulated at 97 h compared to 2h for both warm and cold acclimation 

(Figure 3B).  

Fatty acid desaturase 2 showed more or less constant expression levels at al time 

points during cold and warm acclimation. Between the two ∆9 desaturase genes, ∆9 

desaturase did not show significant temporal differences (Figure 5A). Stearoyl desaturase 5, 

however, showed a decrease in expression levels during warm acclimation. In warm 

acclimating animals RNA expression was higher at 2h and 5h after temperature transfer than 

at 97h after temperature transfer (Figure 5B).  

The two acyl ∆11 desaturase genes showed comparable expression patterns during warm and 

cold acclimation. For both genes, expression levels decreased significantly 97h after warm 

acclimation, but were not statistically different among time points during cold acclimation 

(Figure 6A and 6B).  
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Table 2. Real-time PCR primer sets for ∆9 desaturation fragments. 

Gene fragment Description Primer F Primer R Efficiency 

Oc_DN_1149 Sphingolipid ∆4 desaturase CATAATACTCTCGTGCAATTTCCCT TCAACTGTGTCACCTGGAATGTT 1,93 

Oc_DN_10906 Fatty acid desaturase 1 ATTCTAAAGTCTTTCAAGCGCCG TGGTAAAGTCCTCTGTCATTGCTCT 1,92 

Oc_DN_10273 Fatty acid desaturase 1* ATTCCAACGTGACTTTGACATGG GATTGCGAGTGAGAACGTTATTTTG 1,90 

Oc_DN_8672 Fatty acid desaturase 2 GGAAAGCACATAATATGGAATGCC AACACCATTTGTTCCCAACCA 1,93 

Oc _D9desat ∆9 desaturase ATGTTCAGATATTGTGCGACACTTC GGATTGATGGTTTTGTCATATGGAC 2,03 

Oc_DN_8351 Stearoyl desaturase 5 GGATCGGCATTAGTTTCTGTGAA ATTCTGCAACTCTGTCTCCTACCAA 1,93 

Oc_DN_4740 Acyl ∆11 desaturase* CCTCTGTGAGAGTTGCTGATTCTTT AACAGTTTCTGATAAGATGGTCCGA 1,93 

Oc_DN_1942 Acyl ∆11 desaturase AAGCCGTATGACAAAGACATCACAT ATGTGTGGTGGTAATTGTGCCAT 1,93 

     

Oc_Beta-actin Beta-actin CCGTAAGGATCTGTATGCCAACA GGCAGTGATCTCCTTTTGCATC 2,05 
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Table 3. ANOVAs for mean normalized desaturase gene expression levels enzymes. The table shows level of significance for the Fdf factor,df error values of 

the ANOVA for temperature, time and interaction between temperature and time.  

Enzym   Temperature Time Temp*time 

 ∆ R
2
adj F1,24

a
  F3,24

 b
  F3,24

 b
  

Sphingolipid ∆4 desaturase 4 0.68 10.99 
** 

12.36 
*** 

0.58 
 

Fatty acid desaturase 1 5 0.35 5.83 
* 

2.05 
 

0.30 
 

Fatty acid desaturase 1* 5 0.50 3.54 
† 

4.70 
* 

2.15 
 

Fatty acid desaturase 2 6 0.64 35.32 
*** 

1.59 
 

0.90 
 

∆9 desaturase 9 0.32 16.13 
*** 

2.05 
 

0.76 
 

Stearoyl desaturase 5 9 0.59 5.71 
* 

9.05 
*** 

0.69 
 

Acyl ∆11 desaturase  11 0.63 15.11 
*** 

6.61 
** 

2.21 
 

Acyl ∆11 desaturase* 11 0.67 21.84 
*** 

6.54 
** 

2.55 
† 

Significant effects are depicted as 
†
<0.1, 

*
P < 0.05, 

**
P < 0.01, *** P<0.001. 

ab
 Fdf factor,df error for ∆9 desaturase was F1,30 or F4,30. 
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Figure 2. Mean (±sem) normalized 

expression values (MNE) for 

sphingolipid ∆4 desaturase of 

Orchesella cincta during 

acclimation to 5°C (dark grey bars) 

or 25°C (grey bars). The animals 

were sampled 2, 5, 8, and 97 

hours after the temperature 

transfer. Letters indicate 

differences between the groups 

(P<0.05). 

 

 

 

 

 

 

 

Figure 3. Mean (±sem) 

normalized expression values 

(MNE) for fatty acid desaturase 

1 (A) and fatty acid desaturase 

1* (B) of Orchesella cincta during 

acclimation to 5°C (dark grey 

bars) or 25°C (grey bars). The 

animals were sampled 2, 5, 8, 

and 97 hours after the 

temperature transfer. Letters 

indicate differences between the 

groups (P<0.05). 
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Figure 4. Mean (±sem) normalized 

expression values (MNE) for fatty 

acid desaturase 2 of Orchesella 

cincta during acclimation to 5°C 

(dark grey bars) or 25°C (grey 

bars). The animals were sampled 

2, 5, 8, and 97 hours after the 

temperature transfer. Letters 

indicate differences between the 

groups (P<0.05). 

 

 

 

 

 

 

 

 

 

Figure 5. Mean (±sem) 

normalized expression values 

(MNE) for ∆9 desaturase (A) and 

stearoyl desaturase 5 (B) of 

Orchesella cincta during 

acclimation to 5°C (dark grey 

bars) or 25°C (grey bars). The 

animals were sampled 2, 5, 8, 

and 97 hours after the 

temperature transfer, and 

additionally at 28 hours after the 

temperature transfer in ∆9 

desaturase. Letters indicate 

differences between the groups 

(P<0.05). 
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Figure 6. Mean (±sem) normalized 

expression values (MNE) for acyl 

∆11 desaturase (A) and acyl ∆11 

desaturase 1* (B) of Orchesella 

cincta during acclimation to 5°C 

(dark grey bars) or 25°C (grey 

bars). The animals were sampled 

2, 5, 8, and 97 hours after the 

temperature transfer. Letters 

indicate differences between the 

groups (P<0.05). 

 

 

 

 

 

 

 

 

 

 

 

 
 

Discussion 

In this study, we investigated transcriptional differences in ∆4, ∆5, ∆6, ∆9, and ∆11 

desaturase genes in response to both cold and warm acclimation. These desaturases are 

commonly found in animals (Brenner, 1973; Stanley-Samuelson et al., 1988; Perreia et al., 

2003; Nakamura and Nara, 2004). Although we observed significant changes in expression 

levels for a number of the desaturase genes, the most remarkable result we obtained was the 

uniformly higher expression level during warm acclimation than during cold acclimation. If a 

higher quantity of RNA translates into increased enzyme activity, increased unsaturation of 

fatty acids would result during warm acclimation. This is not conform the expectations, 

because HVA theory predicts the level of unsaturation to increase at colder temperatures in 

order to compensate for the negative effect of membrane solidification at colder temperatures 

(Hochachka and Somero, 2002). However, our results did not show significant temporal 

differences in expression levels for any of the genes during cold acclimation. Before 

discussing possible explanations for this result, we will focus on temporal expression patterns 
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during warm acclimation and compare those with the observed modifications in fatty acid 

composition after temperature increase. 

The enzymes ∆9 desaturase, stearoyl desaturase 5 and the two acyl ∆11 desaturases are 

all involved in the conversion of C16:0 and C18:0 to C16:1n7, C18:1n7 and C18:1n9 (Liu et al., 1999; 

Perreira et al., 2003; Rahman et al., 2003; Ueyama et al., 2005). In our previous studies on O. 

cincta, we showed that C16:0 and C18:0 mostly increased in response to warm acclimation, 

while C18:1n7 and C18:1n9 mostly decreased and C16:1n7 did not respond (in membrane lipids) or 

increased (in storage lipids) (Van Dooremalen et al, 2009; Van Dooremalen and Ellers, 2010; 

Van Dooremalen et al., 2011). Our results show that stearoyl desaturase 5 and the two acyl 

∆11 desaturase genes indeed decrease in expression during warm acclimation, which is 

consistent with the observed lipid remodeling.  

The annotation of the gen fragment for acyl ∆11 desaturase was not completely clear. 

The Blastx annotation showed acyl ∆11 desaturase as well as acyl ∆9 desaturase. In 

Drosophila melanogaster, this gen fragment was annotated as Desat1, Isoform 1, with a 

suggested preference for the conversion of C16:0 to C16:1n7 (Howard and Blomquist, 2005). 

Desat1 was shown to play role in the production of courtship stimulatory pheromones through 

a marked effect on fatty acids in Drosophila melanogaster (Ueyama et al., 2005). The ∆11-

desaturase has been found in the pheromone glands of female moths (Roelofs and Wolf, 

1988) and ants (Camponotus and Formica, Blum, 1987). The role in pheromone production 

can explain the higher RNA expression of ∆11-desaturase during warm acclimation, as 

ectotherms and ectotherm pheromones become more active when the temperature increases 

(Raina et al 1991). 

Fatty acid desaturase 2 is a ∆6 desaturase that is believed to convert C18:2n6 to C18:3n6 

and C18:3n3 to C18:4n3, which are then after elongation further converted to C20:4n6 and C20:5n3 by 

fatty acid desaturase 1, a ∆5 desaturase (Perreia et al., 2003; Xie and Innis, 2008; Shen et al., 

2010). Hence, C20:4n6 and C20:5n3 are produced at the expense of C18:2n6 and C18:3n3 (Hochachka 

and Somero, 2002). In our previous experiments, these fatty acid conversions were readily 

observed in response to cold (Van Dooremalen et al, 2009; Van Dooremalen and Ellers, 2010; 

Van Dooremalen et al., 2011). Of the genes involved in the modification of poly-unsaturated 

fatty acids, only fatty acid desaturase 1* shows a significant decrease in expression during 

warm acclimation, consistent with the accumulation of C18 PUFAs at warmer temperatures.  

Sphingolipid ∆4 desaturase performs stearoyl CoA desaturase activity at the ∆4-

position (Gleason et al., 2005) and is an important signaling molecule in many eukaryotic 

organisms (Ternes et al. 2002). The chemical structure of sphingolipids differs from the more 

commonly known glycerolipids in having a long-chain amino alcohol, the sphingoid base, as 

a backbone. In Drosophila, ∆4 desaturated sphingolipids are involved in cell cycle control 

during spermatogenesis, as they provide an early signal necessary to trigger the entry into 

both meiotic and spermatid differentiation pathways (Ternes et al., 2002). If in Collembola, 
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sphingolipid ∆4 desaturase also plays a role in male reproduction, this can possibly explain 

the higher RNA expression during warm acclimation compared to cold acclimation as 

reproduction increases at warmer temperatures in Collembola (Joosse and Veltkamp, 1970).  

 Cold acclimation did not induce a response in desaturase expression levels in O.cincta, 

in contrast to several other ectotherms (Tiku et al., 1996; Murray et al., 2007; Kayukawa et 

al., 2007; Clark and Worland, 2008). In Caenorhabditis elegans ∆9 desaturase expression was 

highest at 3h after temperature transfer (Murray et al., 2007). Tiku et al. (1996) showed that 

cold-induced up-regulation of gene transcription resulted in an increase in desaturase 

transcript amounts after 48 to 60 hours in carp and that the changes in time correlated well 

with the cold-induced changes in fatty acid. Moreover, Wodtke and Cossins (1991) measured 

the ∆9 desaturase protein concentration in carp endoplasmic reticulum over time. They a 

showed a cold-induced increase in ∆9 desaturase protein concentration in the first three days 

after temperature transfer, with a strong decrease between day 3 and 4, although membrane 

polarization smoothly decreased (showing the increase in fluidity during acclimation) until 

day 5.  

The absence of expression response to low temperature could possibly be due to two 

causes. First, during our study, we fed our animals small pieces of bark overgrown with green 

algae (Desmococcus sp.) rich in C18 MUFAs and PUFAs (Van Dooremalen et al., 2011). The 

lipid content of the food may have influenced the desaturase response; for example, ∆9 

desaturase showed `super-induction' of desaturase activity of more than 100-fold increase 

when fasted animals were re-fed a fat-free diet (Cook and McMaster, 2002; Gurr et al., 2002). 

Additionally, dietary poly-unsaturated fatty acids, particularly C18 and C20 fatty acids, inhibit 

∆9-desaturase activity and the FADS2 (∆6) gene undergoes co-ordinate transcriptional down-

regulation in response to these poly-unsaturated fatty acids (Gurr et al., 2002). 

 Second, both acclimation temperatures are within the normal tolerance range of O. 

cincta: it has a linear growth rate between 10°C and 24°C (unpublished data G. Driessen), it 

continues to molt even down to temperatures of 3.1°C (Joosse and Veltkamp, 1970), and lays 

eggs at temperatures as low as 5°C (Van Straalen and Joosse, 1985). Transcriptional up-

regulation and increased desaturase protein activity may require lower temperatures than the 

5°C at which O. cincta was exposed to in our experiments (Tiku et al., 1996). Also, post-

transcriptional control may regulate enzyme titers, as has also been implicated in the 

temperature-dependent regulation of the FAD2-encoded ∆6 desaturase enzymes responsible 

for conversion of oleic acid to linoleic acid in the endoplasmic reticulum in Arabidopsis 

(Tang et al., 2005). 

In conclusion, the control of desaturase expression is clearly complex and may be 

related to the extent of cooling to provide a flexible means of matching the magnitude of 

desaturase expression to the adaptive needs of the tissue and/or limited by the availability of 

substrate in the form of essential fatty acid availability in the diet. 
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Appendix 1. Sequence and translation to protein ∆9 desaturase 

 

 

Sequence of 435 bp fragment of D9 desaturase. 

1   GACCACCGTG TCCATCATAA RTYTACGGAA ACACATGCAG ATCCTCATAA TGCCACACGA  

61  GGGTTCTTTT TCGCBCATRT CGGATGGCTG CTCTGCAAGA AACATGMGGC GGTCAAGGTC  

121 AAAGGARAAT CTGTRGATAT GTCAGATTTR GAACAAGATC CAATTGTSCG GTTCCAGAGA  

181 AAGTATTAYA TTCCACTCGT GTTGACAATC TGCTTTTTCA TCCCAACAAT TGTCCCCACT  

241 TATTYCTGGG GTGAAAAGTC YTCCACAGCT TGGTATTTTG CAGCTATGTT CAGATATTGT  

301 GCGACACTTC AYTGTACCTG GCTTGTAAAY AGTGCTGCAC ATCTCTGGGG RCCCCGTCCA  

361 TATGACAAAA CCATCAATCC TGCTGAAAAC AGAAGTGTAG CWTGGTGGGC TTTTGGTGAA  

421 GGVTGGCACA AYTAA 

 

 

Translation of 435 bp fragment of D9 desaturase. 

1   DHRVHHKXTE THADPHNATR GFFFAHXGWL LCKKHXAVKV KGXSVDMSDL EQDPIVRFQR  

61  KYYIPLVLTI CFFIPTIVPT YXWGEKSSTA WYFAAMFRYC ATLHCTWLVN SAAHLWGPRP  

121 YDKTINPAEN RSVAWWAFGE GWHN*  
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Appendix 2. BLAST analysis of cDNA of subtracted libraries of Orchesella cincta 

Name  Annotation with species, accession number and e-value 

Sphingolipid ∆4 

desaturase 

Sphingolipid ∆4 desaturase/c-4 hydroxylase protein des2 (Nasonia 

vitripennis; XP_001601297; e-144) 

  

Fatty acid desaturase 1 ∆5/∆6 fatty acid desaturase (Perkinsus marinus ATCC 50983; 

XP_002765309; 4e-29) 

  

Fatty acid desaturase 1* ∆5 desaturase (Rebecca salina; ABL96295; 4e-38) 

  

Fatty acid desaturase 2 ∆5 desaturase (Rebecca salina; ABL96295; 2e-54) 

∆5/∆6 fatty acid desaturase (Perkinsus marinus ATCC 50983; 

XP_002765314; 2e-43) 

∆6 desaturase (ISS) (Ostreococcus tauri; XP_003082578; 9e-38) 

FADS2 protein (Danio rerio; AAI55077; 4e-23) 

  

Stearoyl desaturase 5 Stearoyl-CoA desaturase 5 (Taeniopygia guttata; XP_002188453; 2e-83) 

  

Acyl ∆11 desaturase* ∆9 desaturase 1 (Homalodisca vitripennis; AAT01079; 6e-45) 

Acyl-CoA ∆ 11 desaturase (Camponotus floridanus; EFN62029; 1e-42) 

  

Acyl ∆11 desaturase ∆9 desaturase (Spodoptera littoralis; AAQ74258; 3e-82) 

Acyl-CoA ∆11 desaturase (Camponotus florida; EFN62029; 5e-80) 

  

 


