Heat shock protein expression after cold exposure
in the larvae of Drosophila melanogaster.
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Materials and methods:
D. melanogaster strains: wild type (Oregon) – possesses all 7 copies of hsp70 gene,
mutant (w1118) – lacks all 7 copies of hsp70 gene
(Gong & Golic, 2006).

Introduction:
Heat Shock Proteins (HSPs) play important roles in the response to
cellular stress in almost all living organisms. It is well known that
the inducible form of HSP70 is up-regulated several hundred-fold at
the transcriptional level in the fruit fly, Drosophila melanogaster
after heat shock (e.g. 38°C/1h) (Krebs, 1999). In contrast, a cold
stress-related expression of HSP70 received much less attention
(Nielsen et al., 2005).
We asked whether the complete loss of hsp70 gene from the fly's
genom does:
1) affect the larval survival after the cold exposure;
2) alter the transcriptional and translational responses to cold
exposure in other genes of HSP complex.

Larval acclimation:

three different regimes: 25°C; 15°C; 15°C→6°C
(see Fig. 1).

Cold tolerance:

cold shock: -4°C/1h,
chronic cold exposure: 0°C/30h, 48h, 72h.

Cold exposure:

fully-grown (pre-wandering) 3rd instar larvae
were exposed to 0°C/Lt25 (Koštál et al., 2011)

Recovery:

at 18°C, checked at times: 1h, 3h, 6h, 24h of
recovery after cold exposure.

Transcriptional response: total mRNA → cDNA → qRT-PCR using specific
primers for 20different genes of the HSP complex.
Translational response:

total proteins → SDS-PAGE → Coomasie blue →
Western blot using antibody BRM-22 raised
against bovine HSP70 protein.

Fig. 1: Acclimated fully-grown larvae (25°C, red;
15°C, orange; and 15°C→6°C, blue lines) were
exposed to cold (0°C/Lt25, red thick line), and then
allowed to recover at 18°C (black line). Larvae
were sampled at times indicated by circles.

Results:
Cold tolerance

Transcriptional response:

Translational response:

70 kDa

Fig. 2: Survival of acclimated larvae (variant 15°C→6°C) after cold
shock of -4°C/1h. The bracketted numbers indicate (n). Similar parts
of wild-type and mutant larvae survived (pupariated) after cold
exposure: 20.6% and 34.7%, respectively.

Fig. 5: The comparison of basal levels of mRNA
expression in 20 different genes of HSP complex in the
wild-type and mutant strains of D. melonagaster (folddifference of mutant to wild-type is shown). Larvae
were acclimated at 25°C and were not exposed to cold.
Note that many genes were slightly up-regulated in the
mutant strain larvae.

Fig. 6: Relative abundance of hsp70 mRNA in acclimated larvae prior to cold
exposure and during recovery after cold exposure. Wild-type larvae showed 275fold up-regulation of hsp70 mRNA, while NO hsp70 expression was found in mutant
strain larvae. Different letters above the columns indicate statistically significant
differences between acclimation regimes; stars over the columns indicate
statistically significant differences of recovery times from time 0h ̶ prior to exposure
(one-way ANOVA, Bonferroni's post-hoc test).

Fig. 8: Coomasie staining of SDS-PAGE gels showing total proteins extracted from
wild-type and mutant larvae of D. melanogaster. Note that the patterns of
approximately 70kDA protein bands differed between two strains.

Fig. 3: Survival of acclimated larvae (variant 15°C→6°C) after chronic
cold exposure to 0°C/30, 48, 72h (time 0h shows survival in control
larvae, prior to cold exposure). The bracketted numbers indicate (n).
In general, larvae of mutant strain displayed similar or slightly better
survival after cold exposure than the larvae of wild-type strain.

Conclusions:

Fig. 7: Relative abundance of mRNA in four genes (selected out of 20 different genes of HSP complex), which represent three typical
patterns (prevailingly down-regulation, hsf a; prevailingly up-regulation, hsf d, hsp22; no clear response, hsc 1). See Fig. 6 for explanation
of statistical analysis.

 Larvae of wild-type strain of D. melanogaster displayed 275-fold
up-regulation of hsp70 mRNA transcripts in response to cold
exposure. NO hsp70 mRNA transcripts were detected in larvae of
mutant strain that have lost all 7 copies of hsp70 gene from their
genome.
 Larvae of mutant strain DID NOT show impaired cold tolerance in
comparison to the larve of wild-type strain (in fact, the cold tolerance
of mutant larvae was slighly better than the cold tolerance of wildtype larvae).
 Larvae of mutant strain exhibited basal up-regulation of several
genes of HSP complex (probably in compensation for missing
hsp70).

 Transcriptional responses of the HSP complex to cold exposure
were essentially similar in two strains.
 Western blots revealed that some proteins of approximately 70 kDa
in length were up-regulated in response to cold exposure in both
strains. While the the HSP70 is most likely up-regulated in the wild
type strain, the identity of up-regulated protein(s) remains unknown.
 Our ongoing effort is aimed to identification of the up-regulated
proteins in both strains using protein sequencing.

Fig. 9: Western blots comparing proteins hybridising with anti-HSP70 antibody BRM22 in wild-type and mutant larvae of D. melanogaster. The band densities were
measured using Quantiscan® and analyzed using one-way ANOVA followed by
Bonferroni post-hoc test. Note that the up-regulation responses were registered in
both strains but their patterns slightly differed between two strains.
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