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Abstract. The ability to withstand thermal stress in a laboratory population of the blowfly
Lucilia cuprina (measured as per cent adult survival following varying periods of exposure
to elevated temperature up to a maximum of 48°C) was in the order pupa > larva > adult.
Pre-exposure to a mild heat shock (37°C) induced tolerance to temperatures which were
otherwise lethal. An analysis of heat shock-induced protein synthesis during development
at similar elevated temperatures presented patterns corresponding to the above observations
on thermotolerance. The induced level of synthesis of major heat shock proteins (viz., 79,
69, 28, 20 and 19 kDa) were greater in larval tissues than in most of the adult tissues
except gonads. The response varied between young (2 days) and old (30 days) adults in
a tissue-specific manner. In general, heat shock protein 69 kDa was most abundant in all
the tissues studied. Control as well as heat shocked Malpighian tubules of adults uniquely
showed two major [ 35 S]methionine labelled bands corresponding to approximately 62 and
64 kDa. Immunoblots showed the 62 kDa protein to cross react with an antibody against
Helioihis HSP60. Although the synthesis of the 62 kDa polypeptide was prominent only
in Malpighian tubules of adult blowflies, nearly equal levels of this HSP60 family polypeptide
were present in all tissues (control as well heat shocked) except the larval salivary glands.
Keywords. Heat shock response; thermotolerance; Lucilia cuprina; heat shock proteins;
tropical adaptation.

1.

Introduction

The heat shock response is known to be evolutionarily a highly conserved biological
response, exhibited by almost every living system studied so far (Schlesinger et al
1982; Lindquist 1986). It helps in physiological adaptability against not only heat
but a number of metabolic stresses and toxicants (Lindquist 1986; Petersen 1990).
Upon exposure of an organism or cells in culture to elevated temperatures, cells
synthesize a small set of proteins, the heat shock proteins (HSPs). The HSPs have
been regarded as molecular chaperones that provide protection to cellular components
from the injurious effects of excessive heat and maintain cellular stability during
heat stress (Deshaies et al 1988; Lindquist and Craig 1988; Welch 1991). A short
period of pre-conditioning at mild temperature prior to severe temperature shocks
considerably enhances thermotolerance (Mitchell et al 1978; Chen et al 1990). The
heat shock response may, however, be modulated both qualitatively and quantitatively
in a tissue or developmental stage specific manner (Lakhotia and Singh 1989; Nath
and Lakhotia 1989; Joplin and Denlinger 1990) or with the process of ageing and
senescence (Fleming et al 1988; Heydari et al 1993; Wu et al 1993) or with
*Corresponding author.
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ecological need of the organism (Bosch et al 1988; Nath and Lakhotia 1989;
Benedict et al 1991; Denlinger et al 1991).
Severe seasonal variation in the environmental temperature is a common feature
of tropical climates. Tropical insects are normally adapted to such environmental
“insults”. A number of studies have been made on the heat shock response in
temperate species but little is understood about the response in tropical insects. In
recent investigations, a greater ability of some of the tropical insect species to
respond to a range of temperature variability common to tropical habitats (Nath
and Lakhotia 1989; Chen et al 1990) was demonstrated. Insects exposed to ambient
temperature were better adapted to tropical conditions than their counterparts in
laboratory (Nath and Lakhotia 1989).
The present study on heat shock response of the tropical blow fly, Lucilia cuprina
was undertaken (i) to know if the relative tolerance to a given temperature shock
varied during its life cycle, and (ii) to analyse if any qualitative or quantitative
differences existed in the pattern of HSP synthesis in different tissues and in
different stages of life cycle.
2. Materials and methods
2.1 Fly stock
A laboratory culture of L. cuprina was maintained at 24 ± 1°C on liver or raw
meal and sugar.
2.2 Heat shock
2.2a Developmental study: In order to assess the variations in thermotolerance
during development, individuals from different developmental stages such as third
instar wandering stage larvae (non feeding), 5–6 days old pupae (red eyed pharate
adult stage) and adults (2–3 days post eclosion) were selected. They were placed
in thin walled glass test tubes and heat shocked in water baths set at various
temperatures (37, 42, 44, 46 and 48°C) for different periods of time; in another
set, they were first exposed to 37°C for 60 to 180 min and then to higher
temperatures. After the heat shock they were allowed to continue development (in
the case of larvae and pupae) or to revive back as active adults (within 3–4 h of
termination of shock, in the case of adults) on normal food at 24°C. Thermotolerance
was expressed as per cent adult survival/mortality (% ± S D) following the heat
shock at a given developmental stage. In case of adults, absolute numbers of
surviving individuals (actively flying as well as lethargic or crawling individuals)
were recorded. In each set, triplicates of equal numbers of individuals (25 for
larvae and pupae and 15 for adults) were taken.
2.2b Heal shock proteins: Tissues from wandering stage larvae (salivary glands,
brain ganglia and Malpighian tubules) and adults (brain ganglia, Malpighian tubules,
ovary and testis) of two age groups (2–4 days and 30–35 days post eclosion) were
dissected out in Poels’ salt solution (Lakhotia and Mukherjee 1982) and heat
shocked for 1 h at various temperatures ranging from 37 to 48°C. Tissues were
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incubated in medium containing [35S]methionine (Act 100 µCi/ml, BRIT, Bombay)
during the last 30 min of the heat shock. Samples for SDS-PAGE were prepared
by dissolving the tissues in sample buffer (50 mM Tris.HCl, pH 6·8, 2% SDS,
10% glycerol, 100 mM DTT, 2mM PMSF and 0·1% Bromophenol blue) by boiling
in a water bath for 5–7 min. For comparison, [35S]methionine labelled samples of
heat shocked (1 h at 37°C) adult ovaries or salivary glands of late third instar
larvae of Drosophila melanogaster were also prepared as above.
2.3 SDS-PAGE and fluorography
Polypeptides were separated by discontinuous SDS-PAGE (12·5%) and labeled
bands detected by fluorography as described by Lakhotia and Mukherjee (1982).
Approximate molecular weights of polypeptides on fluorograms were calibrated with
the help of comigrating standard molecular weight markers (Sigma, USA) and also
with the Drosophila HSPs electrophoresed in parallel lanes.

2.4 Western blotting
[35S]methionine labelled samples of heat shocked (42°C) and control salivary glands
and Malpighian tubules from larvae, pupae and adults of L. cuprina and of ovary
of adult Drosophila (heat shocked at 37°C) were prepared and electrophoresed as
described above. The upper half of the unstained gel (with high molecular weight
proteins) was cut out to transfer proteins onto a nitrocellulose filter by semi-dry
electroblotting as described by Lakhotia and Singh (1993). The HSP60 family
homologue was immunodetected using a 1:1000 dilution of polyclonal rabbit
anti-Heliothis HSP60 antibody (Stressgen, USA) and 1: 2000 dilution of anti-rabbit
IgG-HRP antibody (Sigma, USA) essentially following Sambrook et al (1989). After
the immunostaining, the nitrocellulose filter was processed for fluorography to detect
[35S]methionine labelled polypeptides.

3 . Results
3.1 Thermotolerance and thermoprotection during different developmental stages
Continued exposure to a temperature of 37°C (4–8 h) had no effect on activities
of larvae, pupae or adults (data not shown). Exposure of adults to 42°C up to a
period of 2h (100% survival) or 2·5 h (95·5% survival) did not result in any
significant decrease in the normal viability. A 3 h exposure at 42°C, however,
proved lethal, reducing survival to 33% (±2·64; figure 1A). In comparison to
adults, the larval susceptibility to 42°C shock appeared slightly higher during the
first 2h (78% ±0·58 adult emergence) of exposure. The survival (per cent adult
emergence), however, remained consistently higher even after 2·5–3 h (70% ±1·0)
of constant exposure (figure 1B). No effect on pupal survival was observed even
after 4 h of heat shock at 42°C.
The adult or larval susceptibilities increased with increasing temperature (from
42–48°C) and the duration of the shock (figure 1A,B). Although a 1 h stock at
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Figure 1A.B
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Figure 1. Per cent aduil emergence after heat shock. for different durations to (A) adult
and (B) larvae at 42, 44, 46 and 48°C. (– –O – D) show direct exposure; (–■– + PT)
shows hear shock after pre-treatment (2 h. 37°C). (C) Per cent adult emergence after heat shock
to pharate adults directly or after pre treatment (2 h. 37°C) at 46°C (– ▲– D/– ▲–+PT), and
48°C (– – •––D/– – • –+PT).

44°C did not alter the normal adult survival significantly (96% ±1·22), increased
mortality was recorded after 90 min (67%) or 120 min (93%) until zero survival
at 3 h of exposure (figure 1A). The per cent adult emergence after exposure of
larvae to 44°C was 71% (± 1·15) following a 1 h shock but reduced to 51% (±3·53)
after a 3 h shock (figure 1B). Pupae, however, were more tolerant to 44°C. Even
4 h exposure to 44°C did not affect pupal viability. A Further rise in the temperature
(46°C) resulted in a significant reduction in the adult as well as larval survival
(figure 1A.B). Only about 49% (±2·51) of adults could show revival after a 30 min
shock at 46°C but none remained alive when exposed for 1 h. A 1 h treatment of
larvae at 46°C reduced successful adult emergence to 7%. A further reduction to
4·5% resulted when exposed for a period of 90 min and with 100% mortality after
2 h at 46°C (figure 1B). In contrast, even a 3 h exposure of pupae to 46°C shock
did not change the normal viability (figure 1C). A further rise in the temperature
to 48°C was, therefore, tested to detect the upper limit of tolerance in pupae
(pharate adults). While no larvae could withstand a 5 min shock at 48°C, all the
pupae (100%) eclosed as adult after 15 min of treatment at 48°C (figure 1C).
Survival, however, was considerably reduced when the pupae were exposed for 30
min (25% eclosion) and all perished after 60 min at 48°C (figure 1C).
3.2 Thermoproteclive effects of pre-conditioning
In piolt studies, the optimal temperature which could provide maximum protection
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against severe temperature shocks was found to range between 37–40°C. Therefore,
37°C was taken as the pre-conditioning temperature. It was noted that the first 1
or 2 h of pre-conditioning were much more important in generating significant level
of thermotolerance; increase in survival was only marginal after 3 h or longer
periods of pre-conditioning. The survival data from 2 h pre-conditioning have only
been shown in figure 1.
A pre-conditioning at 37°C increased adult survival at higher temperature (42–46°C)
considerably (figure 1A). It increased the per cent adult survival from 33%
(33·33% ±2·64) to 51% (51·11%± 3·53) at 42°C (3 h) or from 49% (48·89% ±2·51)
to 67% (66·67% ±2·0) at 46°C (30 min) and from zero to 11% (11·11 %±l·52) at
46°C (60 min; figure 1A).
Pre-treatment of larvae at 37°C before a 42°C or 44°C shock appreciably increased
the survival as adults (figure 1B). Thermotolerance due to pre-treatment was more
significant at higher temperatures (i.e., 46–48°C). Thus while only 6·7% (6·67%±0·0)
or 4·5% (4·46% ±0·91) larvae survived upon direct exposure to 46°C for 60 min
or 90 min, respectively, pre-treatment (37°C, 2 h) raised the per cent emergence to
24% (24·5% ±0·58) or 20% (20% ±1·0) for the corresponding periods of heat
shock.
Since pupae or pharate adults exhibited considerable adaptability at 46°C, in their
case survival at 48°C was assessed after the pre-conditioning. In contrast to only
25 % or 0% survival after direct exposures to 48°C for 30 or 60 min, respectively,
the per cent survival after pre-treatment (for 3 h) increased to 88% (1 h at 48°C)
or 80% (3 h at 48°C; see figure 1C).
No significant difference in the relative ability of ihermotolerance (per cent adult
survival) was observed between male and female flies exposed to various temperatures,
directly or after pre-treatment (data not shown).
3.3 HSPs
The synthesis of proteins in larval and adult tissues induced by heat shock at
different temperatures was analysed. About 8–9 polypeptides of approximate molecular
weights 79, 73, 69, 39, 28, 26, 25, 20 and 19 kDa were induced upon heat shock.
Among these, the major HSPs corresponded to approximate molecular weights of
79, 69, 28, 20 and 19 kDa (figures 2 and 3). HSP 69 kDa appeared maximally
induced at all temperatures and in all the larval tissues studied (figure 2A–C). At
37°C, synthesis of all HSPs was clearly delectable without any apparent inhibition
of general protein synthesis (figure 2A-C, lane 2 in each). No significant change
was observed in the pattern of induction of larval HSPs with increasing temperature.
Synthesis of normal proteins was only marginally affected at 42°C. A 48°C shock
resulted in almost complete inhibition of all proteins, including the HSPs, in larval
salivary glands; however, the larval Malpighian tubules and brain ganglia continued
to synthesize most of the HSPs and even some normal proteins after heat shock
at 48°C (figure 2B,C). A low level of induction of 62 and 64 kDa polypeptides
in larval Malpighian tubules was also observed (figure 2B).
Though the general pattern of synthesis of HSPs in adult tissues was comparable
to that in the larval tissues, significant difference in the level of induction was
noted. Heat shock at 42°C to brain ganglia from young as well as old flies resulted
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Figure 2A.

in almost complete inhibition of all protein synthesis except a very low level of
synthesis of some of the major HSPs (figure 3A, lanes 2 and 8). The effect of
heat shock on Malpighian tubules of young as well as old flies was interesting.
Heat shock at 42°C to Malpighian tubules from young flies also resulted in complete
inhibition of protein synthesis, except a low level synthesis of the major HSPs.
The response of Malpighian tubules of older flies to heal shock at 42°C was more
or less similar to that of the larval Malpighian tubules (figure 3A, lane 9).
Interestingly, two constitutive polypeptides of approximate molecular weights 62
and 64 kDa were uniquely synthesized at very high levels in adult Malpighian
tubules (figure 3A). Synthesis of these polypeptides was only marginally affected
by heat shock, even in Malpighian tubules of the young flies. Since their synthesis
was only slightly affected by heat shock, they appeared nearly as prominent or
even more prominent than HSP 69 kDa in fluorograms. Labelling of these two
polypeptides was not so apparent in other adult tissues or in any of the larval
tissues, except Malpighian tubules. In larval Malpighian tubules relatively low level
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Figure 2B.

of expression of 62 and 64 kDa proteins were observed in heat shock samples only
(figure 2B). It may also be noted that except in gonads (testis and ovary), the
induction of the low molecular weight HSPs in all other tissues (viz., brain and
MT) of adult flies was much less when compared with that in larval tissues (figures
2 and 3).
In contrast to adult brain or Malpighian tubules, ovary and testis expressed all
major HSPs upon heal shock (42°C) at the level comparable to that in larval tissues
(figure 3B). In addition, few interesting points were also noted: (i) the two high
molecular weight HSPs, HSP 79 kDa and HSP 69 kDa appeared significantly induced
in both the tissues, (ii) the induction of low molecular weight HSPs (viz., HSPs
28, 20 and 19 kDa) was found much more pronounced in ovary that in testis and
(iii) control as well as heat shocked samples of testis showed expression of three
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Figure 2. Synthesis of HSPs in larval salivary glands (Λ). Malpighian tubules (B) and
brain ganglia (C) at 37, 42, 44. 46 and 48°C (shown in lanes 2, 3, 4, 5 and 6 respectively,
for each tissue). Lane 1 in euch shows control samples (25°C). Approximate molecular
weights (kDa) of only major HSPs are: indicated. Dots against protein hands prepresent
heat induced polypeptides in a given lane or corresponding bands in all adjacent lanes.
The total CPM in control lane is same as in heat shocked lanes; the low resolution of
some bands could possibly due to a slight variation in the dissolution of protein loaded
in the control lane.
In A, lane 5 is taken from the same gel but in a reoriented state. The sequence of
lanes was different in the original gel and was cut and aligned in the present order. This
particular lane, as may be observed, has some problem in the well or obstruction in the
run (un dissolved materials, etc.), hence shows a-slight differences in the mobilities of 79
and 69 kDa bands, particularly.

unique polypeptides of 40, 36·5 and 36 kDa (figure 3B), 40 kDa protein being
prominent. The other heal inducible polypeptides are of approximate molecular
weights of 22, 27 and 43 kDa distinctly seen in ovary (indicated by dots).
3.4

Immuno-blotting

To analyse the possible identity of the adult Malpighian tubule specific 62 and
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Figure 3A.

64 kDa polypeptides, a primary antibody against the HSP60 of Heliothis was used
to see if it cross reacted with either of these polypeptides. Western blots revealed
that a polypeptide in the 62–64 kDa range in samples of both control and heat
shocked Malpighian tubules from all stages (larva, pupa and adult) specifically
cross reacted with this antibody (figure 4A); no significant difference in relative
levels of antibody binding was detected between control or heat shocked samples
from different stages. Interestingly, the larval salivary glands did not show any
cross-reactive band, neither in control nor in heat shocked samples (figure 4A,
lanes 6 and 7). A fluorogram of the same filter showed that this HSP60 antibody
cross-reacting band perfectly overlaps with the [35S]methionine labelled 62 kDa
polypeptide (figure 4B, lanes 5 and 8). As noted above, a distinct labelling of the
62 and 64 kDa bands with [35S]methionine in this fluorogram was also seen only
in samples of Malpighian tubules of adult flies (figure 4B, lanes 5 and 8).
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Figure 3. (A) Synthesis of HSPs in young (lanes 1–4) and old (lanes 6–9) adult brain
(lanes 1, 2, 6 and 8) and Malpighian tubules (Ianes 3, 4. 7 and 9) at 42°C Lanes 1. 3.
6 and 7 represent controls (25°C). Lane 5 is from Drosophila larval salivary glands heat
shocked at 37°C. The dots against protein bands (in A and B) represent heat inducible (or
tissue-specific) polypeptides. Approximate molecular weights of only major polypeptides
are indicated (see text for details). (B) Synthesis of HSPs (at 42°C) in young adult ovary
and testis. (C) Control (25°C).

4. Discussion
Our studies have revealed that, compared to most insects that have been studied
so far, the tropical blowfly. L. cuprina can withstand fairly higher temperatures.
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Figure 4. Western blot (A) of heat shocked (42° C, lanes 3, 4, 5 and 7) and control
(25°C lanes 2, 6, 8 and 9) samples from la rval salivary gland (lanes 6 and 7), larval
Malpighian tubules (MT. lanes 2 and 3), pupal MT (lanes 4 and 9) and adult MT (lanes
5 and 8). Note the presence of signal in all the lanes except salivary glands (lanes 6 and
7). (B) Fluorogram of the same blot (number below each lane are in the same order as
in A).Lane 1 represent Drosophila ovary (heat shocked at 37°C) as the internal control.
Arrows (>) in fluorogram point to the 62 and 64 kDa polypeptides (in adult MT only).
The dots between lanes 4 and 5 indicate 79 and 69 kDa heat shock proteins.

Only in the case of fleshflies (Chen et al 1991) a comparable thermotolerance has
been reported earlier. This high thermotolerance in blowfly appears to reflect its
adaptation to high ambient temperatures that it may encounter in course of its
normal life. It is interesting that adult flies are relatively sensitive to high heat
while larvae and pupae withstand higher temperatures for relatively longer periods.
As in other insects (Nath and Lakhotia 1989), in blowfly also the pupal stage was
more thermotolerant.
As kno
wn in other organisms (Petersen and Mitchell 1987; Benedict et al 1991;
Chen et al 1991). in Lucilia too a pre exposure to mild heat shock (37°C in the
present case) considerably increased the thermotolerance. Pre exposure induces
synthesis of a threshold level of (at least) the major HSPs, without affecting normal
protein synthesis. This in turn helps the organism to develop a rapid and efficient
thermotolerance even at severe temperatures. During summer months, the gradual
increase in the ambient temperature should, therefore, cause a similar effect. Since
the acquisition of thermotolerance has been correlated with the synthesis of some
HSPs (Lindquist 1986),
the reduced thermo tolerance in adults seems to be related
to the observed very low or zero induction of HSPs in tissues of young adults as
compared to larvae. The absence of developmentally regulated or a low induction
of low molecular weight HSPs in adults and their presence in appreciable levels
in larvae and pupae also appears responsible for the differential thermotolerance
of these stages since these proteins have also been implicated in thermotolerance
(Ireland et al 1982; Sirotkin and Davidson 1982; Berger 1984; Mason et al 1984;
Lindquist 1986; Bond and Schlesinger 1987; and
NathLakhotia 1989).
The heat shock response in Malpighian tubules of D. melanogaster has been
reported to differ dramatically in relation to developmental stage (Lakhotia and
Singh 1989). In the case of Chironomus also, some differences in the pattern of
HSP synthesis in Malpighian tubules of different stages were seen (Nath and
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Lakhotia 1989). No such dramatic tissue-specific differences in the patterns of HSP
synthesis were found in Lucilia. However, a remarkable feature of the Malpighian
tubules of adult blowflies (also larvae) was the high level of synthesis of 62 and
64 kDa polypeptides in control as well as heat shocked samples. Both these were
Malpighian tubule-specific and were the two most abundant polypeptides synthesized
in this tissue of young and old flies. Immunoblotting suggested that one of these,
the 62 kDa polypeptide, belongs to the HSP60 family. It is remarkable that although
its synthesis was most abundant in adult Malpighian tubules, this polypeptide was
present in all control as well as heat shocked tissues of different developmental
stages, except the larval salivary glands. Therefore, this member of the HSP60
family appears to be constitutively expressed in a tissue-specific manner. It is
interesting to note that in Drosophila, the 64 kDa polypeptide which is specifically
induced by heat shock in Malpighian tubules (Lakhotia and Singh 1989) has been
identified to be a homologue of HSP60 family and this HSP64 has been found to
be constitutively present in all tissues (Lakhotia et al 1993). It is also noted that
although the synthesis of 62 kDa polypeptide in adults suggests either that the
turnover of the 62 kDa polypeptide in Malpighian tubules of adult flies is very
high so that in spite of abundant synthesis, steady state levels remain the same as
in other tissues or that the polypeptides detected by the [35S]methionine and by
the antibody in this tissue are distinct but co-migrating polypeptides. These possibilities
remain to be resolved although we favour the former as a working hypothesis in
view of a comparable situation reported in Drosophila (Lakhotia et al 1993). The
functional significance of the high level of synthesis of this polypeptide specifically
in Malpighian tubules remains to be studied further.
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