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To understand reasons for the earlier reported non-
induction of any of the common heat shock polypep-
tides in Malpighian tubules of Drosophila larvae, we
examined the levels of the 70 kDa heat shock
polypeptide (HSP70) and of its cognates (HSC70) in
control and heat shocked larval tissues, including the
Malpighian tubules, by **S-methionine labelling in
conjunction with Western blotting or by immunocy-
tochemical localization using appropriate antibodies
against the heat inducible and constitutively ex-
pressed members of the HSP70 family. The HSP70
was totally undetectable in western blots of control
as well as heat shocked Malpighian tubules of Droso-
phila larvae; the levels of different HSC70 in un-
treated Malpighian tubules were comparable to those
in other larval tissues and also did not increase fol-
lowing heat shock. Immunocytochemical localization
of HSP70 showed that none of the highly polytenized
cells of Malpightan tubules showed induction of
HSP70 after heat shock. The non-induction of the
common heat shock proteins in Malpighian tubules
of Drosophila larvae, therefore, is not due to au-

178

toregulation by constitutively high levels of HSP70
or HSC70.

CELLS of virtually every organism respond to a sudden
exposure to elevated temperature (heat shock) by tran-
siently increased synthesis of a specific set of polypep-
tides, commonly referred to as heat shock proteins
(HSPs) or stress proteins, which help cells survive the
thermal and other damages' ™. This response, first dis-
covered in Drosophila®>, is a highly conserved biologi-
cal phenomenon. However, contrary to the general
dogma that all cells of an organism respond more or less
uniformly to heat shock!™, Lakhotia and Singh®, using
3>S-methionine to label the newly synthesized proteins,
found that none of the well-characterized HSPs, includ-
ing the most abundant 70 kDa heat shock protein
(HSP70), was induced in heat shocked Malpighian tu-
bules of Drosophila larvae. However, the basal levels of
HSPs in the Malpighian tubules were not examined in
that study®. Since synthesis of HSPs is autoregulated,
particularly by HSP70 levels™ > 7 the lack of induction
of HSPs in heat-shocked Malpighian tubules® could be
due to a constitutive presence of these proteins in
threshold quantities so that further synthesis was inhib-
ited. We have examined this possibility in the present
study. Using *>S-methionine labelling in conjuction with
HSP70-specific antibodies, we reconfirm the earlier ob-
servation® on non-inducibility of the common HSPs in
this tissue of Drosophila larvae and further show that the
HSP70 is totally absent, before as well as after heat shock
in this tissue: the levels of the various forms of 70 kDa
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Figure 1. Showing absence of HSP70 in Malpighian tubules of Drosophila tarvae. a, Westcrn blot of control (lanes t and 3) and heat-shocked
(lanes 2, 4 and 5) samples of salivary glands (lanes 1 and 2) and Malpighian tubules (lanes 3-5) challenged with the HSP60 and HSP70 (7Fb)
antibodies: lane § has | § times more protein than lanes 3 and 4. b, Fluorogram of the Western blot in (@). ¢, Western blot of a sample of heat-

shocked salivary glands alone (lane 1) or of a mixed sample of heat shocked salivary glands and Malpighian tubules challenged with HSP60
and HSP70 antibodies For details, see text. The molecular sizes (1n kDa) of polypeptides are indicated on sides.

heat shock cognate proteins (HSC70)*° in the larval
Malpighian tubules are not higher than in other tissues.
Therefore, the non-induction of HSP70 and other com-
mon HSPs in Malpighian tubules following heat shock is

not due to inhibition by the constitutively present mem-
bers of the HSP70 family.

A wild-type strain (Oregon R") of Drosophila melan-
ogaster was used for these studies. The flies and larvae
were reared on standard cornmeal-agar—yeast food at
22 + ]1°C.

Different organs (salivary glands, Malpighian tubules,
brain gangha) from late third-instar larvae were dis-
sected in Poels’ salt solution (PSS)'’, transferred to
fresh PSS in microfuge tubes and were immediately ei-
ther heat shocked at 37°C for 30 min or were kept at
22°C for 30 min as control. The heat shocked and con-
trol tissues were labelled with *’S-methionine (BRIT,
Bombay, 200 pCi/ml; sp.act. 1000 Ci/mM) for 30 min at
37°C and 22°C, respectively. Protein samples were pre-
pared in the Laemmli sample buffer'' and electrophore-
sed by SDS-PAGE as described®. Equal numbers of
organs of a given type were taken for control and heat
shock samples.

The electrophoresed polypeptides were transferred to
nitrocellulose membrane (Schileicker & Schuell, Ger-
many) by semi-dry blotting following the method of
Lakhotia and Singh'’, Two rat monoclonal antibodies,
viz. 7Fb (HSP70-specific) and 7.10 (recognizing the
cognates (HSC70) as well as the heat inducible form of
HSP70 of Drosophila)'’®, obtained from S. Lindqguist
(USA), were used to detect the HSP70 and HSC70, re-
spectively, in western blots at 1 : 1000 dilution. In some
cases (Figure 1), the blots were first challenged with an
anti-HSP60 antibody (SPA-805, Stressgen, Canada) and
then with the HSP70-specific 7Fb antibody. The primary
antibodies were detected by using the corresponding
HRP-conjugated secondary antibodies (Sigma, USA, or
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Bangalore Genei, Bangalore) at recommended dilutions.
Following the immunodetection, the blots with *S-
methtonine labelled samples were fluorographed by
dipping in toluene with 22% PPO for 3 min and drying for
I h at room temperature before exposing to X-ray film to
detect radiolabelled newly synthesized polypeptides. The
Western blots and the fluorograms were then compared.

For immunocytochemical localization of HSP70, the
salivary glands and Malpighian tubules with associated
parts of the gut were dissected out from late third instar
larvae and incubated in PSS at 22°C (control) or at 37°C
(heat shock) for 30 min. Tissues were fixed in 4%
paraformaldehyde in PBT (130 mM NaCl, 7mM
N32P04 . 2H20, 3 mM NaHZPO.:, . 2H20, 0.2% Triton-
X-100, pH 7.0) and processed for immunocytochemical
localization of HSP70 using the 7Fb antibody (1 : 200
dilution) and goat anti-rat secondary antibody (HRP

conjugate, Sigma) at recommended dilution following

the standard procedure'?.

Figurc 1 a shows a Western blot of control and heat
shocked salivary glands and Malpighian tubules from
late third-instar larvae challenged sequentially with
HSP60-specific (SPA-805) and HSP70-specific (7Fb)
antibodies; fluorogram of the same blot is shown in Fig-
ure 1 b. Synthesis of all the HSPs was typically induced
In salivary glands by heat shock (only HSP83, HSP70
and HSP68 are seen since only the upper half of the gels
was always blotted). However, in agreement with the
earlier finding of Lakhotia and Singh®, heat shock to
Malpighian tubules resulted in enhanced synthesis of
some other polypeptides with a major band at 64 kDa
(lanes 35 in Figure 1 b), but not of any of the usual HSPs
(it may be mentioned here that this 64 kDa polypeptide was
erroneously estimated as S8 ADa band by Lakhotia and
Singh®). The 7Fb antibody, which exclusively IeCOgniZes
the heat shock inducible form of YHISP70 of I u.mph:h:“,
revealed the prescnce of HSP70 only in heat
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shoched and not in control sahivary glands. Neither the
control nor the heat shocked Malpighian tubules showed
any trace of HSP70 (lanes 3-5 in Figure 1). That the
failure to get a signal with HSP70 antibody in Mal-
pighian tubules was not due to the generally lower
amount of proteins in Malpighian tubule samples was
evident from the similar extent of labelling seen in the
lanes for salivary glands and Malpighian tubules In the
fluorocram in Figure 1 4. This was further ¢confirmed by
deliberately loading a greater amount of labelled sample
from heat shockhed Malpighian tubules in lane 5
(Figure | a, 8); this also failed to reveal any trace of
HSP70 in the Malpighian tubules. In addition, the same
blot when challenged with an antibody for HSP60,
Wwhich is constitutively present in all tissues of Droso-
phila'> ', showed more or less equal signal in all lanes,
eaxcept in lane 5, which showed a more intense signal in
proportion to the greater amount of protein loaded.

The complete absence of HSP70 in the Malpighian tu-
bules can also not be due to a general failure of heat
shoch In these samples since the fluorogram clearly
showed a significantly increased synthesis of the 64 kDa
and other heat inducible polypeptides which are known
to be heat shock induced in this tissue®.

The HSP70 protein of Drosophila can decay in vivo as
well as in vitro at a much faster rate: degradation, which
1s mediated by a proteolytic action of HSP70 protein
upon itself, may sometimes occur rapidly, even during
the course of electmphoresis]ﬁ. To check that the ab-
sence of HSP70 in Malpighian tubules was not due to a
tissue-specific degradation of this polypeptide, the
Malpighian tubules and salivary glands excised from
late third instar larvae were pooled, heat shocked to-
gether, dissolved in the sample buffer and run in one
lane: Western blot revealed a distinct presence of the
HSP70 1n this mix (lane 2 in Figure 1 ¢), similar to that
in the heat shocked sample of salivary glands alone
(lane 1 in Figure 1 ¢). This demonstrated that the Mal-
pighian tubule samples did not specifically lose their
HSP70 due to degradation.

The HSP70 protein family in Drosophila includes
both the heat-inducible (HSP70) and constitutively ex-
pressed homologues, the heat shock cognates (HSC70),
which exist in several isoforms and show spatial and
temporal tissue specificity™ !’. Drosophila embryos till
the blastoderm stage do not synthesize HSP70 after heat
shock, but are known to have an HSC70 in abundance®.
Since it is possible that the total level of HSP70-related
proteins in a cell is highly regulated'®, we examined
whether the Malpighian tubules of D. melanogaster lar-
vae contained higher levels of HSC70, which may pre-
vent induction of HSP70. For this purpose, we used the
7.10 antibody, which recognizes™ " both cognates and heat
Inducible forms of HSP70. Western blots of samples from
different tissues (brain ganglha, salivary glands and Mal-
pighian tubules of larvae), challenged with the 7./0 HSC70
monoclonal antibody, showed (Figure 2) a nearly similar
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Figure 2. | cvels of HSC70 in different larval tissues are simular
Western blot of control (lanes 1, 3 and 5) and heat shocked (lanes 2,
4 and 6) larval brain ganglhia (lanes 1 and 2), salivary glands (lanes 3
and 4) and Malpighian tubules (lanes § and 6) challenged wath the
HSC70 antibody (7 710) The molecular sizes (in kDa) are indicated
on the side

pattern of reacting bands (6872 kDa) in control and
heat shocked samples of all the tissues. The more in-
tense signal for salivary glands (lanes 3 and 4 in Fig-
ure 2) in this blot is due to more protein in these lanes.
There was no noticeable increase in the levels of any of
the HSC70 polypeptides In control or heat shocked
Malpighian tubules (lanes 5 and 6 in Figure 2). This
leads us to believe that the non-inducibility of HSP70 in
Malpighian tubules is not due to a constitutive presence
of high levels of HSC70.

Immunocytochemical staining with the HSP70-
specific antibody (7Fb) confirmed the absence of
HSP70 in Malpighian tubules since while the heat
shocked salivary glands (Figure 3 6) and midgut (Figure
3 d) showed a distinct positive staining with this anti-
body, cells in control salivary glands (Figure 3 a), mid-
gut {(Figure 3 ¢) and in control as well as heat shocked
Malpighian tubules (Figure 3 ¢, d) were negative for the
HSP70 antibody. It is notable, however, that while the
highly polytenized large cells of Malpighian tubules did
not show any staining for HSP70, the fewer, smaller and
flatter stellate cells'” showed heat shock induced pres-
ence of HSP70 (see Figure 3 e). Apparently, the induced
HSP70 in these cells was not enough to be detectable i1n
the Western blots of whole Malpighian tubules. The
strong nuclear signal in heat shocked salivary gland
cells (Figure 3 b) is in agreement with the earlier re-
pd:)rtzcI that during heat shock the HSP70 concentrates
strongly in nuclei.

It may be noted that while preparing the Malpighian
tubule samples for electrophoresis, we took extreme
care to exclude any part of the midgut to which these
organs remain attached in situ (see Figure 3 c, d); we
believe that the induction of all the common HSPs in
Malpighian tubules of Drosophila larvae as reported n
an earlier public:a.til:)-n5 was due to contaminating pileces
of midgut, which like other tissues shows strong induc-
tion of HSP70 (Figure 3 d) and other HSPs.

The present results thus reconfirm the earlier report
from our laboratory® that the Malpighian tubules of Dro-
sophila larvae fail to synthesize any of the common
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Figure 3. Immunocytochemical localization of HSP70 1n control (@ and ¢} and heat shocked (b, d and e) larval salivary glands (a and 8). nud-
gut (mg 1 ¢ and 4) and Malpighian tubules (mt 1n ¢ and d) Part of a Malpighian tubule 1s shown at a lugher magmfication in (e) to revea
HSP70 wmduction 1n the peripherally located smaller stellate cells (arrowheads). Also note the stronger antibody binding i the nucier of heat

shocked salivary glands (4). The scale bars 1ndicate 50 um

HSPs In response to heat shock. This study further
shows that the non-induction of HSP70 in this tissue is
not due to autoregulati0n7' I8 by constitutively present
H3P70 or HSC70. The same perhaps also applies to
non-induction of the other HSPs in this tissue. The only
other cell types of Drosophila which fail to mount the
typical heat shock response are the nurse cells in late
stages of oogenesis, oocyte and the pre-blastoderm em-
bryos?'. However, these cells, unlike the Malpighian
tubules, do not show induction of a different set of
polypeptides in response o heat shock, and also in these
cases the non-induction of the HHSPs may be correlated
with a constitutively high level® of 11SC70. Certain types
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of cells of Sarcophaga™ also do not show synthests of
the typical HSP70 when heat shocked; however, in these
cases a different form of 11SP70, the HSP65, is induced
instead. Unlike in Sarcophaga, the 64 kDa ISP induced in
Malpighian tubules of Drosoplila larvae is not a homo-
logue of $1SP70 but is a member of the HSP60 family '~ ",
Several cell types in mammals also differ in induvi-
bility of the HHSP70 when heat shocked™; however, in
most of these cases, unlike the situation i Malpighian
tubules of Drosophila larvae, only the HSPT70 s pechaps
altected. Non-induction of the HSP70 in these mammal-
1an cell types has been ascribed 1o transeriptional regu-
lation by factors other than the heat shock transcription
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factor~. Thus, compared to the above cases, the heat
shockh response of Malpighian tubules of Drosophila
larvae is unique. The regulatory pathways responsible
for non-induction of all the common HSPs in Mal-
pichian tubules of Drosophilu larvae may involve the
heat shock transcription factor™ and/or other auxiliary
transcription factors™ necessary for transcriptional acti-
vation of the heat shock genes under conditions of
stress. Further studies will help understand the mecha-
nism of this regulation as also the biological signifi-
cance of this unique situation of non-inducibility of all
the common HSPs and induction of a different set in the
larger polytenized cells of this particular tissue.
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