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Triatoma infestans (Klug), the most important vector of Chagas disease, is a hemipteran insect belonging to the

Triatominae subfamily of the Reduviidae family and one of the 84 species of the Triatomini tribe.

insect vector somatic polyploidy chromocenters

| 1. Introduction

Triatoma infestans (Klug), the most important vector of Chagas disease, is a hemipteran insect belonging to the
Triatominae subfamily of the Reduviidae family and one of the 84 species of the Triatomini tribe. This species
developed through the Andean and non-Andean evolutionary lineages with different geographic distributions in
South America, genomic size, and main repetitive DNA [, Both lineages dispersed from Bolivian highlands, from

where they had originated. Forty-two satellite DNA families are present in varying amounts in both lineages [2.

The Andean lineage was primarily dispersed in the high-altitude valleys of Bolivia and Peru and in lower altitudes of
southern Peru; the non-Andean lineage occupied lowland regions in Argentina, Brazil, Chile, Paraguay, Uruguay,
and Bolivia and certain higher altitude regions in Argentina until chemical interventions for insect control were
undertaken in the past decades, which drastically reduced these groups [&. Although these lineages differ in
nuclear DNA content per haploid genome (1487 Gbp, non-Andean lineage; 1936 Gbp, Andean lineage) and in the

amounts of satellite DNA families, they have the same number of holokinetic chromosomes (2n = 20 + XY or XX)
2

In addition to the importance of T. infestans as a vector for Trypanosoma cruzi infection, it has been revealed as a
model for studies on unusual cellular processes involving somatic polyploidy, nuclear and cell fusion, presence of
large heterochromatin bodies (chromocenters), diversity of nuclear phenotypes, cell death, epigenetic markers, and

chromatin response to histone deacetylase inhibition.

| 2. Somatic Polyploidy

Insects of most orders develop somatic polyploidy, in which DNA endoreplication steps advance and permit nuclear
and cellular volume enlargement and organ growth without intervention of mitosis Bl This phenomenon occurs
mainly during the larval stages in insects undergoing complete metamorphosis (holometabola), or in nymphal

instars of insects undergoing simple metamorphosis (hemimetabola) [Bl. Hemipterans develop through
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hemimetaboly. Somatic polyploidy involving an integral doubling of the genome does not occur in all insect groups;

specific genomic regions, as in the case of the heterochromatin, may replicate differentially 41,

Somatic polyploidy may be considered an adaptive process through which the cells save the physiological time and
protein synthesis that would be required if a mitotic spindle and nuclear membrane were fabricated as in the case
of ordinary somatic division . Some authors have hypothesized that it is a strategy for increasing gene copy
numbers, which would facilitate high rates of biosynthesis and metabolism 4. In healthy mammal tissues, somatic
polyploidy has been considered important for cells to function under stress, protecting their viability and permitting

their adaptation under new environmental conditions I,

The DNA endoreplication steps that occur in the nuclei of the Malpighian tubule cells of fully-nourished T. infestans
specimens are arrested at the end of the fifth nymphal instar, when Feulgen-DNA 32 C and 64 C optimal ploidy
degrees are attained per nucleus compared with the Feulgen-DNA content of nuclei in the first nymphal stages and
in spermatids 8. Feulgen-DNA classes or ploidy degrees that are identified as 1 C, 2 C, 4 C, and so on, are
associated with the DNA content of haploid, diploid, tetraploid, and so on, nuclei of the same species [&. However,
in fasted insects, the ordinary polyploidization pattern detected in the Malpighian tubules is surpassed because
nuclear and cellular fusions occur even with low incidence in specimens reared in the laboratory 19. Then, ploidy
degrees shift to considerably higher values, as demonstrated by DNA cytophotometric quantification, visual
detection of the presence of giant nuclei (Figure 1a), or counting of the total number of nuclei/organ that decrease
significantly 1. Giant nuclei may attain a ploidy degree as high as 1024 C L1, Consequently, the total number of
nuclei may show a 40% reduction 2. Additionally, nuclear and cell fusions have been detected in BTC-32 cells
cultivated from embryonic tissues of T. infestans at the London School of Hygiene and Tropical Medicine 13l. The
presence of giant nuclei is not restricted to T. infestans; it has also been reported in the fat body cells of Rhodnius

prolixus, another species of the Reduviidae family [24],
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Figure 1. Nuclear phenotypes of Feulgen-stained cells of T. infestans. The Feulgen reaction stains DNA
specifically 2. Co-occurrence of diploid fibroblasts (di), and polyploid (p) and giant (g) Malpighian tubule cell nuclei
is shown in (a). Chromocenters are well evident as conspicuous condensed chromatin bodies in single- (b,d) and
multi-chromocentered nuclei (¢). A nuclear phenotype showing chromocenter heterochromatin unpacking ((d),
arrow) can be compared with images of nuclei with a chromocenter usual size ((b) or at the up corner of (d)). Bars,

20 pm.

Initially, nuclear fusion is facilitated by the binucleate composition of the somatic cells 2], When fasting periods are
prolonged, cell fusion and additional nuclear fusions occur in the Malpighian tubules. Cell fusion may be favored by
the presence of the viral particles that infect these cells, especially when the insects are fed avian blood under
laboratory conditions (1218 Cell fusion has been suggested to represent an attempt at cell survival that opposes

cell death [L14]: however, both phenomena may coexist in the same organ 12,

| 3. Heterochromatin and Nuclear Phenotypes

Condensed chromatin aggregates comprising constitutive heterochromatin (chromocenters) are present in T.
infestans cells from the first nymphal instar 2. These bodies increase in size through DNA endoreplication steps

that do not always accompany the DNA doubling process in the euchromatin (DNA underreplication), representing
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a constitutive heterochromatin characteristic (. Other indicators of the constitutive heterochromatin nature of these
condensed chromatin bodies are as follows: the absence of RNA transcriptional activity in most regions of these
bodies, as detected using radioautography; abundance of repetitive DNA; and differential response to the Feulgen

reaction compared with the characteristics of euchromatin [ZIL718]

The chromocenters of T. infestans are usually composed of copies of the large A, B, and C autosomes plus the X
and Y sex chromosomes 12129 One additional autosome pair has been reported as part of this heterochromatin
type under specific insect rearing conditions [l Additionally, polymorphism and variable amount of

heterochromatin have been reported for T. infestans [22123]124]

From the first to the third nymphal instar, only one chromocenter is present in the Malpighian tubules of T.
infestans; from this stage onward, a portion of the cells exhibit more than one chromocenter (Figure 1b—d) &,
The process of formation of multi-chromocenters apparently involves budding or declustering from the single
chromocenter body 22 and does not lead to the micronuclei production that results in cell death as reported for
other cell systems [28. The nuclear phenotype diversification and the size attained by chromocenters in the
Malpighian tubules of nymphs and adults have not been identified in other species of the Reduviidae family studied
till date 24, These unexplained phenomena could not be shown to be associated with diversified functions exerted
by the Malpighian tubules, which are excretory organs eliminating the byproducts of a blood diet that does not

change during the insect lifetime.

Notably, free DNA phosphates showed differential availability for the electrostatic binding of toluidine blue
molecules under Mg2* competitive staining conditions, when the single-chromocentered nuclei were compared with
nuclei bearing multiple chromocenters 28, This finding revealed that the dye-binding sites in the DNA of
chromocenters in the multi-chromocentered nuclei are more exposed and easier to block by Mg?* ions than those
in the DNA of chromocenters in single-chromocentered nuclei probably owing to differences in the packing states
of the DNA-protein complexes involved 23],

T. infestans nuclei constitute an attractive model for studying the 3D position of chromocenters because of the
large volume of these bodies inside the nuclei. Using confocal microscopy and quantitative measurement of the 3D
position of the chromocenters in the Malpighian tubule cells of T. infestans, the proximity of these bodies to the
nuclear periphery was demonstrated during the insect lifetime [22l. The spatial distribution of chromocenters in

relation to the nuclear periphery was confirmed using electron microscopy 221,

The proximity of chromocenters to the nuclear periphery has been detected in the cells of several other organisms
(29130184[32] jncluding species of the Reduviidae family which exhibit very small chromocenters, as in the case of
Panstrongylus megistus 123l: however, the reason for this phenomenon remains unclear 4. The concept that
proximity of a chromocenter to the nuclear periphery is associated with overall gene silencing 22138l does not fully
apply to T. infestans, because 18 active S rDNA sites were detected in the chromocenter surface including the
region facing the nuclear periphery, according to videos obtained after 3D fluorescence in situ hybridization 22, In

T. infestans cells, the nucleolus was found to encircle chromocenters (Figure 2a,b) 2. Additionally, the hypothesis
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that heterochromatin acts as a gene-silencing compartment has been questioned B9, Variability relative to the
small distance between the edge of the chromocenters and the nuclear periphery raises the suspicion of the

mobility of the heterochromatin body with respect to the nuclear envelope 22!,

L i T e

Figure 2. Electron microscopy images of a chromocenter (H)-nucleolus (N) association in Malpighian tubule cell
nuclei of fully-nourished fifth instar nymphs of T. infestans (a,b). DNA bleaching in H using Bernard’s EDTA
treatment method (b) is compared with an untreated control (a). This method demonstrates electron dense RNA-
rich areas (nucleolar components) B2 that surround the electron lucent DNA-rich heterochromatin zones. (M.L.S.
Mello and H. Dolder—unpublished images). Bars, 1 um (a); 0.5 pum (b).

Unraveling of the chromocenter heterochromatin has been observed in a small number of nuclei in the Malpighian
tubules of T. infestans under rearing conditions in the laboratory (Figure 1d) 2%, However, the frequency of this
phenotype was observed to be significantly increased in fasted nymphs and in specimens subjected to heat shock
[20IL1] This phenomenon, which affects the heterochromatin in other cell systems and under different physiological
conditions has been hypothesized to represent an attempt to activate silent genes possibly present in this
chromatin compartment and achieve cell survival 2829,

Jagannathan et al. 28140 through studies in Drosophila and mouse cells, proposed that satellite DNA and their
binding proteins may physically integrate the entire chromosome complement into a chromocenter network thus
ensuring encapsulation of all chromosomes within a single cell. Notably, images of the epithelial cell nuclei of T.
infestans suggest confluence of chromosomes that do not properly integrate the chromocenters into this
heterochromatin cluster (Figure 3a—c). This hypothesis can also be suggested when examining published electron
microscopy images of T. infestans cell nuclei 7.
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Figure 3. Images suggesting chromosome confluence to chromocenters (a—c), and cell death images (d,e) in
Malpighian tubules of T. infestans nymphs. (a,b). Toluidine blue-stained cell nuclei. (c-e). Feulgen-stained cells.
Apoptosis ((d), arrow) and necrosis (e) are evident. Both Toluidine blue and Feulgen stainings indicate DNA-

containing nuclear elements [E4, g, giant nucleus. Bars, 10 um (a—c,e); 20 um (d).
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