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Nuclear Phenotype Changes after Heat Shock in
Panstrongylus megistus (Burmeister)
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The nuclear phenotypes of Malpighian tubule epithelial cells of male nymphs of the blood-sucking
insect,Panstrongylus megistusubjected to short- and long-duration heat shocks &€ 4Gere ana-
lyzed immediately after the shock and 10 and 30 days later. Normal nuclei with a usual heterochromatic
body as well as phenotypes indicative of survival (unravelled heterochromatin, giants) and death
(apoptosis, necrosis) responses were observed in control and treated specimens. However, all nuclear
phenotypes, except the normal ones, were more frequent in shocked specimens. Similarly altered phenc
types have also been reportedimatoma infestanfollowing heat shock, although at different frequen-
cies. The frequency of the various nuclear phenotypes observed in this study suggests that the forms ¢
cell survival observed were not sufficient or efficient enough to protect all of the Malpighian tubule cells
from the deleterious effects of stress. In agreement with studrRshwegistusurvival following heat
shock, only long-duration shock produced strongly deleterious effects.
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The effect of heat shock on survival and molt1995, Tavares et al. 1997).
ing incidence ifPanstrongylus megistuaries with The Malpighian tubule cells in late nymphs of
the duration of the shock, the developmental stage megistusre highly polyploid (Mello 1975). In
and sex of the specimens, and in certain cases, thales, the most usual nuclear phenotype of this
insect’s habits and nutritional states (Garcia et abrgan has a homogeneous distribution of granulous
1999). chromatin and a small but conspicuous heterochro-
P. megistusis less resistant to heat shock thamatic body formed by several copies of the Y chro-
Triatoma infestansindicating that no generaliza- mosome (Mello et al. 1986).
tion can be made about the responses of different SinceP. megistugndT. infestangliffer in their
reduviid species to temperature shocks (Rodriguemrmal nuclear phenotypic characteristics (Mello
et al. 1991, Garcia et al. 1999). 1971, 1975, Mello et al. 1986), these nuclear phe-
As with other stress factors, heat shocks induagotypes may be affected differently by heat shock
cytological changes if. infestansincluding treatment.
nuclear fusion, heterochromatin unravelling, and In the present study, the nuclear phenotypes of
cell necrosis and apoptosis, as part of the mech- megistumymphs were determined after heat
nisms of cell survival and cell death, respectivelghock and the changes compared with those.for
(Mello 1989, Dantas & Mello 1992, Mello et al. infestansunder similar temperature conditions
(Dantas & Mello 1992).

MATERIALS AND METHODS

This work was supported by the State of Sdo Paulo Re- Fifth instar male nymphs of a domestic popu-
search Foundation (Fapesp, grants 95/1954-8, 95/662ation of P. megistugHemiptera, Reduviidae), de-

8 and 99/02547-8) and the Brazilian National Researcfcended from insects obtained in Fazendas Pedra
aﬂq Devdelopment CO‘fJ”C'r'] (CNPa). 4 by SLG 1o (28180 and Pedra Branca in S&o Jodo da Boa Vista
Ls':tﬁig ge"‘gi‘glggir; ouﬁigaers‘;)s ﬁ:%s‘;g;ﬁ fulf)illlmLenttgftqgtate of Sdo0 Paulo) and reared in the laboratory at
the requirements for the Masters degree. Sucer;‘ (Mogi Gua_gu, .SP)' W%;% used. 'I;he Clontrol
*Corresponding author. Fax: + 55-19-788.7821. E-maiflyMpPhs were maintained at“8and 80% rela-
mismello@obelix.unicamp.br tive humidity, conditions which have traditionally
Received 30 July 1999 been used for rearing this species in the labora-
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The treated specimens underwent heat shock distilled water, air dried, cleared in xylene and
40°C for 1 h and 12 h. The choice of this temperamounted in Canada balsam.
ture was based on a previous study of survival and A Zeiss light microscope was used to count the
molting incidence irP. megistusfter heat shock total number of Malpighian tubule epithelial cell
(Garcia et al. 1999). The specimens were fasted fauclei per specimen, to identify the different
15 days before the shock and after treatment weneiclear phenotypes and to evaluate their frequen-
returned to a normal diet of hen blood once a weekies in each specimen. Photomicrographs were

Malpighian tubule preparations were obtaineabtained with a Zeiss Axiophot Il microscope.
immediately after heat shock and 10 and 30 days A linear correlation was used to evaluate the
later. The organs from at least three specimens wardationship between the stress conditions and the
used for each experimental condition and thearious nuclear phenotypes.
corresponding control.

Whole Malpighian tubules were mounted on RESULTS .
glass slides, immediately fixed in acetic ethanol The most frequent phenotype in the control and
for 1 min, rinsed in 70% ethanol for 5 min and aiheat shocked specimens consisted of nuclei with a
dried at room temperature. The material was thesinall heterochromatic body containing copies of
subjected to the Feulgen reaction, with hydrolysifie Y chromosome (Mello et al. 1986) in the middle
in 4 M HCI at 2%C for 1 h and 5 min. The Feul- of evenly distribution of lightly stained chromatin
gen-stained material was rinsed in sulfurous andfig. 1, Table I).

TABLE |

Absolute frequencies of nuclear phenotypes in Malpighian tubule epithelial cB#sisfrongylus megistigh
instar nymphs after heat shock ab@0

Experimental Nuclear phenotypes
conditions A A NE G Gwe Guwp Gg HD N Total
Control, ¢ 10 1324 1255 25 147 5302 8070
0 1345 192 1 54 8786 10378
6 2347 1037 0 35 10499 13951
1 h shock: § 54 2405 2292 12 143 9934 14858
77 1295 655 11 284 7914 10238
18 1447 984 3 340 13714 16506
12 h shock:¢ 16 2661 1402 1 119 13354 17557
3 2244 676 13 224 15389 18562
5 2954 1655 12 1048 11678 17410
Control, 4 gays 7 1729 325 6 98 9039 11204
9 2482 116 0 76 6479 9162
16 3252 728 0 268 11428 15692

667 9904 15236
275 3978 7062
525 10834 16162

173 10242 14506
295 8169 11726
424 10673 15791
164 7271 10379

864 11206 17224
335 10386 16283
130 7122 10239
130 7122 10239

165 148 11894 17755
96 4787 840 19 12 124 12446 18339
47 3046 2445 14 17 204 7766 13555

A: apoptosis; A: suspected apoptosis; NE: necrosis; G: giant nuclgi: @ant nuclei under necrosis; G: giant
nuclei with heterochromatin decondensatior; Giant nuclei suspected of apoptosis; HD: heterochromatin
decondensation; N: normal.

1hshockifygas 37 2783 1477 14
25 1385 1272 68
35 2703 1696 229

Control, &g gays 25 2587 3
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Other nuclear types observed in all the experiwas suspected. Apoptosis and necrosis were de-
mental conditions were generally more frequerfined here in terms of their classic morphological
after heat shock (Table I). These included nuclaharacteristics (Kerr 1971, Kerr et al. 1972).
with heterochromatin unravelling (Fig. 2), There was a significant decrease in the relative
apoptotic nuclei (Fig. 3), nuclei suspected ofrequency of normal nuclei with heat shock and its
apoptosis (Fig. 4), necrotic nuclei (Fig. 5) and giduration (Fig. 7a, Table II). The absolute frequency
ant nuclei (Fig. 6). In some cases giant nuclei exof nuclei with heterochromatin unravelling in-
hibited signs of necrosis or were suspected afreased just after the short and long shocks, and
apoptosis (Fig. 6). Some giant nuclei were alsb0 and 30 days after the short shock (Table I).
observed in which heterochromatin decondensatidtiowever, in terms of relative frequencies, the in-

NE Gs

- s 5 . —_— 6
Figs 1-6: nuclear phenotypes in Feulgen-stained Malpighian tubuResefrongylus megistispecimens subjected to heat shock.

Bar = 10 um. A: apoptosis; Asuspected apoptosispGnecrotic giant nucleus; &giant nucleus with suspected apoptosis; H:
heterochromatin; K unravelled heterochromatin; N: normal; NE: necrosis.
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TABLE Il
Linear correlation between stress factors and nuclear phenotypes
D °C H A Ag NE G Gy Gup Gg HD
°c .05
A -.03 .29 -.18
Ag .38 .08 -.02 .06
NE .30 .13 .06 12 -.13
G -.18 A2 -.22 .06 -.01 .26
Gy, ~-.02 .23 .03 .07 -.07 .30 .86
Gyp -20 .07 -.18 .08 .01 27 .93 .19
Gg 13 31 .37 .18 -.14 A7 24 .63 .33
HD .09 .38 -.34 .25 .05 .15 .20 .06 .18 .08
N -.47 -.27 .07 -25 -.56 -70 -31 -.27 -.33 -.33 -.39

D: days after shock]C: temperature; H: shock duration; A: apoptosig; siispected apoptosis; NE: necrosis;
G: giant nuclei; G: necrotic giant nuclei; G,: giant nuclei with heterochromatin unravelling @iant nuclei
with suspected apoptosis; HD: heterochromatin unravelling; N: normal with usual heterochromatin body.

value Moderate correlation (between 20% and 50%)

value High correlation (> 50%)

crease in nuclei with heterochromatin unravelling The absolute and relative frequencies of
was significant only immediately after short andapoptotic nuclei increased immediately after heat
long shocks (Fig. 7b, Table Il); the frequency okhock (Fig. 8a, Tables I, II), but there was no sig-
this phenotype decreased after long shocks comificant correlation between these frequencies and
pared to short shocks (Fig. 7b). There was no sithe time after shock or the duration of the shock
nificant correlation with the time after the shocl(Table II).
(Table 1l). The appearance of heterochromatin The relative frequency of nuclei suspected of
decondensation was moderately correlated withpoptosis did not increase with the heat shock tem-
that of apoptotic nuclei (Table II). perature or duration, but there was a moderately
A few giant nuclei were detected (Table I). Thesignificant correlation between the increase in this
relative frequency of this nuclear phenotype defrequency and the time after shock (Fig. 8b, Table
creased immediately after long shocks when contl). The absolute and relative frequencies of ne-
pared to short shocks (Fig. 7c), i.e. there was a sligtttotic nuclei increased significantly 10 and 30 days
negative correlation between shock duration anaffter the heat shock (Tables 1, Il, Fig. 8c).
phenotype frequency (Table II). There was no cor- DISCUSSION
relation between the relative frequency of morpho- - o
logically normal giant nuclei and the time after the  The number of nuclei in the Malpighian tubules
shock or the shock temperature, but a modera@é fully-nourished laboratory-rearéd megistuss
correlation was observed between giant nuclei withbout 18,000 (Mello et al. 1986). In the present
heterochromatin decondensation and the time a$tudy, control specimens had a much smaller
ter the shock (negative), between the occurrengeiclear frequency, indicating that nuclear fusion
of necrotic giants and shock temperature (positivéynd cell death induced by other stressors may have
and between giants suspected of apoptosis and @feurred under laboratory conditions. Indeed, the
shock temperature and duration (positive) (TabléPecimens used in this investigation had been mod-
). erately fasted prior to the heat shock. Fasting is a
There was a high correlation between giangtress agent in blood-sucking insects (Andrade &
nuclei with normal morphological characteristicsMello 1987, Mello 1989). The choice of a slight
and necrotic giant nuclei as well as between néasting condition for the present study was based

crotic giants and giants suspected of apoptos® the finding that only after it some 5th instar
(Table I1). specimens are capable of surviving a long heat
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Fig. 7: influence of time after shock, shock temperature and shock duration (h) on the relative frequency of normal nuclei (A),
normally-sized nuclei showing heterochromatin unravelling (B) and giant nuclei (Bamstrongylus megistus

shock (Garcia et al. 1999). The observation thdabd stress (Dantas & Mello 1992, Tavares et al.
some altered nuclear phenotypes also occurred 1897).
the control specimens supports the idea that some Heterochromatin unravelling occurred even
stressing effect other than heat shock was involvelibng after heat shock id megistusThis situation
Maybe an occasional and unexplained refusal dfiffers from that forT. infestansin which such
some specimens to feed a blood meal added sommaravelling is most frequent 10-120 min after the
fasting period to that intentionally provoked. shock (Dantas & Mello 1992). If heterochromatin
Nuclear phenotypes differing from the normalunravelling leads to the activation of silent genes
phenotype seen A megistushave also been re- during stress (Simdes et al. 1975), its effects may
ported forT. infestansubjected to heat shock orbe longer-lasting if. megistushan inT. infestans.
other stressing agents (Alvares-Garcia 1988, Mellit is not known whether heterochromatic zones
1989, Dantas & Mello 1992, Mello et al. 1995).contain genes for heat shock proteins (hsp).
Such phenotypes may reflect mechanisms of cell In various reduviid species, giant nuclei are
survival (heterochromatin unravelling, nuclear fuproduced by nuclear and/or cell fusion
sion) or cell death (apoptosis, necrosis) in respongd/igglesworth 1967, Mello & Raymundo 1980,
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Fig. 8: influence of time after shock, shock temperature and shock duration (h) on the relative frequency of apoptotic (A), sus
pected apoptotic (B) and necrotic (C) nuclePainstrongylus megistus

Mello 1989, Dantas & Mello 1992). These nucleijej 10 to 30 days after the shock Tininfestans
have been suggested to be involved in cell or orgaRe highest frequency of giants occurs 30 days af-
survival mechanisms under unfavorable conditionggy the shock (Dantas & Mello 1992). In addition
In this regard, the high mortality rates seemPin 15 5 decrease in new fusions, the fact that some
megistussubjected to long heat shock (Garcia et aljant nuclei inP. megistusexhibited necrosis or

1999) suggest that giant nuclei were not present {jere suspected of apoptosis probably also contrib-
sufficient numbers and/or were not efficient enouglyted to the reduction in their frequency. It is pos-
to protect the insects from heat shock-induced dangip|e that inP. megistusells and nuclei resulting

age. Indeed, the relative frequency of giant nuclgjom fusion may be more susceptible to metabolic
decreased significantly with the shock durationjlyre than inT. infestans

whereas the number of giants suspected of apoptosis when the stress is enhanced beyond a certain

was weakly correlated with thiactor. level, the presence of hsp is incapable of protect-
P. megistusurvivors of heat shock showed ajng the cells and apoptosis program is initiated

significant decrease in the frequency of giant NYLindquist & Craig 1988, Maihos et al. 1993,
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Samali & Cotter 1996). If the stress exceeds this DJ 1990. Cell death induced in a murine mastocy-
level, cell death by necrosis predominates (Samali toma by 42-49C heatingn vitro: evidence that the
& Cotter 1996). Thus, murine mastocytoma cells form of death changes from apoptosis to necrosis

subjected to a temperature of 43@4show an above a critical heat loabht J Radiat Biob8: 854-
858.

Increase in apoptopc index. At a temperature c1£err JFR 1971. Shrinkage necrosis: a distinct mode of
45°C, both apoptosis and necrosis are observed In cellular death] Pathol105 13-20.

these cells while at 46-4C only necrosis is found kgr, JFR Wyllie AH, Currie AR 1972. Apoptosis: a
(Harmon et al. 1990). Similar responses have been pasic biological phenomenon with wide-ranging
descglbed in other cell types (Sakaguchi et al. implications in tissue kinetic&r J Cance26: 239-
1995). 257.

In the Malpighian tubules ofP. megistus, Lindquist S, Craig EA 1988. The heat shock proteins.
apoptosis and necrosis occurred simultaneously, Ann Rev Genei2: 631-677.
especially after hyperthermia. Only the apoptosiéallhos C, Howard MK, Latchman DS 1993. Heat shock
program  intensified immediately “after the heat Protects neuronal cells from programmed cell death
shock. The frequency of the apoptotic nuclei thep, I?yﬁﬁgpig?i‘[\ﬁ“rcl’sc'eg‘cfs'.621?625' bighi
remained unchanged whereas necrosis, which was .o 1. Nuclear behaviour in the Malpighian

A . ; tubes ofTriatoma infestan§Reduv., Hemiptera).

not &gmﬁcant!y aff_ected |mmed|ately after hgat Cytologia 36 42-49.
shock, intensified with the shock duration and timgyelio MLS 1975. Feulgen-DNA values and ploidy de-
after shock. grees in the Malpighian tubes of some triatomids.

Hsp expression, apoptosis, heterochromatin Rev Bras Pesq Med Bigi 101-107.
unravelling and nuclear fusion were thus not apvello MLS 1989. Nuclear fusion and change in chro-
parently sufficient to protect ait. megistusvial- matin p_acking state in response to starvatiofrin
pighian tubule cells from the deleterious effects of atoma infestanRev Bras Geneit2: 485-498.
heat shock. In terms of insect survival, only long/€llo MLS, Raymundo HH 1980. Nuclear fusion in the
shocks proved to be strongly deleterious (Garcia MalPighian tubes of a blood-sucking hemipteran.

: Cytologia 45: 203-209.
et al. 1999). In the few survivors of long shocks, MLS, Randi MA, Giorgio S, Ferraz-Filho AN,

there was probably no additional degeneration rqqrigues VLCC, Rocha-e-Silva EO, Cordeiro JA
since no significant difference in the frequency of 1986, Number of chromosomes, Feulgen-DNA con-
necrotic nuclei was observed compared to insects tent and nuclear phenotypes in domestic and wild
subjected to short shocks. specimens dPanstrongylus megistu&nn Trop Med
The individual variations in response to hyper-  Parasitol 80: 641-648.
thermia were similar to those seerTininfestans Mello MLS, Kubrusly FS, Randi MA, Rodrigues VLCC,
after other stressing agents and suggest that speci- Ferraz Filho AN 1995. Effects of heavy metals on
mens ofP. megistusnay also vary in their resis- chromatin supraorganization, nuclear phenotypes,

tance to different stressors, including heat shock. ?Tzsc;gg\ial offriatoma infestans. Entom Exp Appl
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