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ABSTRACT 
 
Palm trees are part of the Arecaceae botanical family. These have great economic 
importance, mainly because they have products for food, as well as shelter, food, and 
reproduction of various animals, including arthropods. Attalea phalerata is distributed 
in several Brazilian states and its length varies between 5-10m. The main pest for this 
type of palm tree are the insects of the sub-family Bruchinae. Insects have digestive 
enzymes that help them obtain nutrients, including alpha amylase. In obtaining food, 
they end up destroying the seeds, nuts, or regions of the plant, which served as an 
economic source to produce oils and carbohydrates. Etc. Pachymerus nucleorum, an 
example of this family of insects, has a larva in one of its stages, which grows and 
develops through the assimilation of palm nuts. As a result, the economic loss is very 
high. In this sense, the study and discovery of the peculiarities of the digestive enzymes 
of this insect can bring benefits to biological control, being more effective, simpler, and 
causing less damage to other organisms. Among these main tools of biological control, 
we have enzymatic biomarkers (amylase and ATPases) that may have subtle 
differences between organisms. 
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GENERAL ASPECTS – INTRODUCTION  

The term biomarker comes from the definition of an analyte or substance with 

objective characteristics and easy measurement. It can be evaluated as an indicator 

of a normal biological, pathogenic, or pharmacological response to a therapeutic 

intervention (1,2). In addition to being easy to measure, it must be safe and generate 

accurate and consistent results regardless of groups or conditions (1–3). In recent 

years, the applicability of molecular biomarkers has grown, mainly involving metabolic 

issues, by measuring enzymes, generated, or produced analytes, etc. (2,4–7). 

The use of this tool for prediction, response to environmental monitoring and 

prevention of damage or exposure to environmental agents can bring benefits for pest 

control of certain species of palm trees. 

 

Babassu Palm 

Babassu palm trees (Orbinya spp) are plants found in Brazil, Bolivia, Colombia, 

Mexico, and other parts of Latin America. In Brazil, it is typical of the transition region 

between the Cerrado, the Amazon Forest, and the semi-arid northeast, concentrating 

in Maranhão in floodplain areas and river valleys (8–12).  

From this plant, up to 64 products can be obtained industrially, ranging from oil, 

coal, and food to the production of hammocks, baskets, and ropes (8–12). However, 

the majority used consists of almonds, which correspond to only 6% of the weight of 

the fruit, the remainder made up of epicarp (15%), mesocarp (20%), and endocarp 

(59%) end up being discarded or used to a lesser extent. Studies have shown that 

there is an enormous potential for using these compounds (13). In the wood-based 

panel industry, for example, reforestable species such as Pinus sp., Eucalyptus sp., 

and Acácia mearnsii, however, it has been shown that the mixture of particles from the 

babassu coconut shell (epicarp) together with Portland cement produces quality panels 

(14).  

https://doi.org/10.54038/ms.v4i2.50
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The endocarp produces charcoal with characteristics like eucalyptus with a 

carbonization temperature of 600 ºC, low volatile and carbon monoxide content, and 

other carbonization byproducts, in addition to producing twice as much energy with the 

same volume as other coals. Other advantages of babassu charcoal are its low sulfur 

composition (reduces SO2 emissions) and low phosphorus composition. In this way, 

the charcoal produced from babassu endocarp when used in industry produces high-

quality steel (15).  

Starch, the most important plant energy reserve polysaccharide, represents 50 

to 68 % of the mesocarp. One of the problems faced in its use is the high fiber content, 

between 10 and 30 %, which can hinder the access of enzymes to starch molecules 

during the industrialization process. On the other hand, industrial gelatinization 

processes cause a reduction of 10 to 2 % of fibers. Therefore, the production of ethanol 

from babassu coconuts of the Orbignya phalerata species is technically and 

economically viable (13,16). 

The mesocarp of Orbignya phalerata contains 99 % carbohydrates and 1 % 

protein. From carbohydrates, a fraction containing glucose and other monosaccharides 

is obtained, which influences the reticuloendothelial system, increasing phagocytic 

activity, suggesting an immunomodulatory property. This fraction also inhibits the 

increase in vascular permeability, which is the first stage of the anti-inflammatory 

reaction (17). Other plants in this genus also apparently have medical properties. 

Alcoholic extracts of O. phalerata, for example, may inhibit Ehrlich carcinoma (18).  

Oils extracted from almonds are used as a cheap source of carbon for high 

production of extracellular biosurfactants with emulsification activity, components that 

exhibit high active surface and emulsifying activities (hydrophilic and hydrophobic 

domains), from Candida lipolytica (19). Furthermore, they are also used as a cheap 

source for “solid state” fermentation systems (SSF). This type of fermentation using 

Penicillium restrictum and palm of the species Orbynya oleifera enabled the production 

of different enzymes through appropriate supplementation, such as lipases that can be 

used in the biodegradation of plastics (20). 

https://doi.org/10.54038/ms.v4i2.50
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As a taxonomic marker, there is an ether (Triterpene methyl) that is commonly 

extracted from grasses and has been observed in species of Orbinya phalerata, O. 

speciosa, O. cohune, in percentages exceeding 50%, except for the species O. 

phalerata, which contains only 34% of Triterpene methyl (21). 

This work aimed to carry out an integrative review of the problem faced in pest 

control, addressing new molecular tools used as a solution, to obtain an overview of 

current knowledge on the topic. 

METHODS 

The search was carried out in the main search bases for scientific articles, 

Scielo, Medline, Google, Science direct, using the keywords “Palm trees”, “babaçu 

coconut”, “Acre”, “Bruchinae”, “Pachymerus nucleorum”, “Enzyme”, “Control” 

“Amylase”. Terms in Portuguese were used for the search, as well as words translated 

into English. Articles were found covering the period from 1967 to 2023, with a total of 

82 articles used. We organized the data presenting the main species found in Acre, 

Brazil, and the problem palm tree species have concerning the natural predator (the 

beetle). Their way of preying on palm trees and harming the culture and trade of nuts 

and coconuts. Finally, we present the main possible tools as biomarkers for controlling 

and protecting the palm tree. 

 

DEVELOPMENT, RESULTS AND DISCUSSION 

In Acre, we found 26 genera and 76 native species of palm trees (22,23). 

The Arecaceae botanical family is represented by around 200 genera and 1,500 

species distributed throughout the world. (22).  

Representatives of the Arecaceae family are characteristic of tropical flora and 

can transmit luxury and fascination to these regions, which is why these characteristics 

are part of the national landscaping (24). Other examples include “puninha” (Bactris 

gasipaes) and “guariroba” (Euterpe oleracea), suppliers of “heart of palm” that can be 

https://doi.org/10.54038/ms.v4i2.50
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consumed both sweet and bitter. In the extractive form, we have the “babaçu do 

Maranhão” (Attalea speciosa) providing edible and industrial oil from almonds (24). 

Attalea phalerata is distributed in the southwestern part of the Peruvian and 

Bolivian Amazon rainforest. In Brazil it is found in Acre, Goiás, Maranhão, Mato 

Grosso, Pará, Rondônia and Tocantins (22,25). 

Known by the common names of Aricuri, Uricuri, Red Uricuri in Acre (26) and in 

other regions of Brazil known as Bacuri, Acuri, Urucuri (22,27).  In the state of Acre, it 

is distributed in the municipalities of Marechal Taumaturgo, Plácido de Castro, 

Rodrigues Alves, Rio Branco, Sena Madureira, Tarauacá and Xapuri (26).  

Attalea phalerata has a solitary stipe 5-10 m long, 60-75 cm in diameter, and 

sometimes the stipe is covered with leaf sheaths. Its leaves measure more than 6 m 

in length. Its fruits are arranged in inflorescences, measuring 5-6.5 cm in length and 3-

5 cm in diameter with an ellipsoid-oblong shape; the epicarp is fibrous with a light 

brown color; fleshy yellowish mesocarp; endocarp with distinctly grouped fibers; each 

fruit can bear 2-4 seeds (24,25). Its usefulness is linked to the leaves them used to 

cover huts. In some Amazonian states, its endocarp is a source of charcoal and the 

mesocarp is edible. It is used for landscaping purposes. Wood is used for rural 

constructions and the “heart of palm” is edible. (Sin. Scheelea phalerata (Mart.) Burret) 

(Lorenzi et al., 2010) (28). 

Works like Santos et al. (2003) (29) shows the importance of palm trees for 

shelter, feeding, and reproduction of various animals, including arthropods. Among 

these, the greatest abundance is in the Orders Coleoptera, Formicidae, Collembola, 

Psocoptera, Diptera, and Araneae. Within the Order Coleoptera, the family that most 

stood out the were Curculionidae, Staphylinidae, and Chrysomelidae, as also shown 

in the work of Meik J, Dobie P. (1986) (30) e Basset (2001) (31). 

In addition to the diversity of arthropods associated with the Attalea phalerata 

canopy, a striking factor is the variety of individuals found in periods of flood and 

drought, (29,32). Other studies were carried out only with the orders Formicide and 

Araneae, (33,34), respectively. 

https://doi.org/10.54038/ms.v4i2.50
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The larvae of the subfamily Bruchinae are predators of 33 plant families. The 

majority are from the legume family, followed by Arecaceae, Convolvulaceae, 

Malvaceae and other plant families (35). 

The species of the Pachymerini tribe become economically important, as they 

feed almost exclusively on palm seeds and are commonly called palm beetles. Among 

these palm trees, there are carnaúba (Copernicia cerifera Mart.), Bahia coconut 

(Cocos nucifera L.), licuri (Syagrus coronata (Mart.) Becc., piassava (Attalea funifera 

Martius) and babassu (Orbignya phalerata Mart.)(21). 

Insects, like most organisms, produce digestive enzymes to obtain their 

essential nutrients. Among the most studied digestive enzymes are alpha-amylase 

(36). Alpha amylases are enzymes classified as endo amylases that catalyze α-1,4 

glycosidic bonds of starch (37,38). Starch is one of the main components of seeds and 

grains (39). 

 

THE PROBLEM – INSECTS OF THE BRUCHINAE SUBFAMILY 

Bruchinae is a subfamily of Coleoptera included in the family Chrysomelidae. 

Until recently this subfamily was known as the Bruchidae family. Insects from the 

subfamily Bruchinae are predators of legume seeds (30,40), and other species of the 

Chrysomelidae family attack tropical plant crowns such as Acácia farnesiana (41,42), 

Erythrina abyssinica (43) and Attalea phalerata (29). 

Members of this family are characterized by having a shortened elytrum, leaving 

the end of the abdomen (pygidium) unprotected. Their bodies are oval, with a free 

head, a short and flat rostrum, and antennae with 11 segments (44). The coleoptera 

Pachymerus nucleorum (Fabricius, 1792), a member of this family, is a very common 

insect throughout northern Brazil. It measures 12 to 15 mm in length and 5 to 7 mm in 

width. They are gray in color, striated elytra, ovoid and toothed posterior thighs, being 

one of the largest bruchids known (Figure 1). Of every 5 to 10 eggs laid per fruit, only 

1 or 2 of the larvae that hatch manage to enter through the sap channels or hilum. 

https://doi.org/10.54038/ms.v4i2.50
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The larva P. nucleorum (Figure 2) parasitizes babassu palm trees (Orbinya spp) 

growing and developing through the assimilation of nut oil and proteins (45). After 

complete development, measuring 20 mm in length, they weave a cocoon (Figure 3). 

After emerging, the adults remain inside the coconuts for two weeks, exiting through 

the 5 mm diameter hole opening in the posterior part of the fruit insertion. As they 

attack the pulp of the fruits, they end up making them unusable for commerce. (44). 

 

https://doi.org/10.54038/ms.v4i2.50
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Figure 1: Adult specimen of the species Pachymerus nucleorum. Bruchins of the largest known size, 15 
mm long and 7 mm wide, have a gray color, striated elytra, ovoid, and toothed posterior thighs. (A) Dorsal 
view. (B) Ventral view. (C) Side view. 

https://doi.org/10.54038/ms.v4i2.50
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Figure 2: Specimen of larvae of the species Pachymerus nucleorum. Larva is used in this work. (A) Side 

view. (B) Ventral view. 

 

 

Figure 3: Specimen of babassu fruit (Orbignya sp.). The fruit has been sectioned and the nuts are not 
present. (A) Cross section. 1. Part of the cocoon that the larva weaves after feeding on the nut. 2. Hole made 
by the adult beetle to exit the fruit. (B) View of the anterior part of the fruit, which connects to the cluster. 
Arrows indicate holes made by beetles. 

 

https://doi.org/10.54038/ms.v4i2.50
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Due to the nature of the species attacked by this type of Coleoptera, which have 

high levels of serine proteinase inhibitors, bruchids have developed special attack 

abilities, such as resistance to toxic alkaloids and free amino acids, as well as the 

nature of their digestive enzymes (41,42,46).  

Zabrotes subfasciatus, another species of bruchid, has little dispersal capacity 

and attacks stored grains. The success of the species Z. subfasciatus in attacking 

common beans also depends on factors such as temperature, humidity, storage 

location, and competition with other bruchids (30). Proteinases found in Z. subfasciatus 

are resistant to trypsin and chymotrypsin inhibitors, being sensitive to cysteine 

proteinase inhibitors such as E-64 (47).  

Control of these bruchids is normally carried out using insecticides that are toxic 

to animals and humans. However, it has been observed that certain plants have natural 

resistance to this type of pest, mechanisms acquired during evolution. Arcabose, 

isoarcabose, cyclodextrin are examples of non-protein α-amylase inhibitors found in 

plants. Due to their similarity with the substrate of this enzyme, they bind to the catalytic 

site, inhibiting amylase activity (37). Protein inhibitors are present in cereals such as 

wheat. Wheat extract (Triticum aestivum) has polypeptides around 14 kDa that inhibit 

amylases in some insects, such as Acanthoscelides obtectus, Callosobruchus 

maculatus and Zabrotes subfasciatus (37,38).  

Phaseolamine, a 49 kDa glycoprotein found in species of Phaseolus vugaris, is 

commonly used to inhibit amylases in both insects and humans. This protein acts 

reversibly, without chelating action on calcium (48). Other genera of the Phaseolus 

species also have components with an inhibitory nature on the amylase activity of 

insects. Fractions extracted from species of Phaseolus acutifolius present polypeptides 

of approximately 14-18, 28, 35, and 40 kDa that inhibited amylases of Callosobruchus 

chinensis, Callosobruchus maculatus e Zabrotes subfasciatus (49). Some lectins 

significantly affect the amylase activity of Z. subfasciatus but do not affect the amylase 

activity of Acanthoscelides obtectus gus (50). In addition to lectins found in P. vulgaris, 

a lectin isolated from Talisia esculenta, a species of Sapindaceae, causes weight 

https://doi.org/10.54038/ms.v4i2.50
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reduction and increases mortality in larvae of Z. subfasciatus e C. maculatus (51) 

(Macedo et al.,2002) 

Another means of plant resistance is through disordered growth outside of 

meristematic regions, a neoplastic phenomenon, preventing the entry of the larvae. In 

pea pods of the species Pisum sativum L., for example, there is an Np gene (Neoplastic 

gene) that is induced by the presence of esters released by the oviposition of females 

of Bruchus pisorum L.(52).  

 

THE TOOL FOR CONTROL – BIOMARKERS 

Amylases 

 Starch is the most important plant energy reserve polysaccharide and is present 

in cereal seeds such as corn, barley, wheat, and rice and in tubers or roots such as 

potatoes and cassava, etc. Its degradation has been widely studied and characterized 

and is mainly used by the food, paper, textile, chemical, and biological control 

industries (53). 

Amylases are enzymes that degrade starch, hydrolyzing its glycosidic bonds. 

These are classified into endo amylases, exo amylases, debranching, and transfer 

enzymes depending on the type of bond cleaved (53). 

  α-Amylases (EC 3.2.1.1), classified as endoamylase, are enzymes that 

hydrolyze the α-1,4-glycosidic bonds of starch. Its catalytic site is composed of 3 

domains (A, B, and C). The A domain has the Asp, Glu, and Asp residues that are 

arranged in a (b/α) 8 barrel or TIM (triose isomerase) barrel structure (Figure 4). In α-

amylases from Aspergillus oryzae (Taka-amylases) these correspond to Asp-206, Glu-

230, and Asp-270. The other domains (B and C) also have these residues in conserved 

regions, and unlike domain A, they are not directly involved in substrate catalysis (54). 

At the interface of domains A and B, a conserved region in the structure of α-amylases, 

Taka-amylases, Bacillus amyloliquefaciens, and CGTases, there is the presence of 

calcium ion, promoting greater stability and integrity of the active site (54–56). 

https://doi.org/10.54038/ms.v4i2.50
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Figure 4: Structure of (α/b)8-Barrel. Catalytic domain present in the structure of enzymes belonging 

to the α-amylases family. (A) Side view. C-terminal end facing the entire page. (B) View from below. C-

terminal end leaving the plane of the paper (Extracted RCSB.org, PDB ID: 4PC8 -  

https://doi.org/10.2210/pdb4PC8/pdb) (57) 

 

The role of calcium in Taka-amylases is related to the reactivation of reduced 

enzymes. In native α-amylases from Aspergillus oryzae there are 4 disulfide bridges 

and a free sulfhydryl group. In some situations, disulfide bonds are reduced, and re-

pairing may occur incorrectly. At concentrations of 5 mM calcium, an excess of 5 times 

the EDTA concentration, excellent renaturation occurs, recovering practically all 

activity. However, at high concentrations (100 mM), calcium can act in an inhibitory 

manner, binding to the second calcium-binding site present in Taka-amylases (54,58). 

 α-Amylases from Bacillus amyloliquefaciens, in the presence of calcium, 

present a higher denaturing temperature. At concentrations of 6 mM of the cation, there 

is an increase of 4 ºC in the denaturation temperature, varying from 72 to 76 ºC (59). 

On the other hand, calcium does not affect the activity and stability of Bacillus sp α-

amylases at high temperatures (60). In a 75 kDa amylase from yeast (Cryptococcus 

flavus), the presence of calcium does not affect either the activity or stability of the 

enzyme (61).  

 Hyperthermophilic α-amylases from Pyrococcus furiousus do not require metal 

ions and show activity and stability around 100 ºC. This, unlike some bacterial 

https://doi.org/10.54038/ms.v4i2.50
http://www.rcsb.org/
https://www.rcsb.org/structure/4PC8
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amylases, from plants and many other archaebacteria, presents calcium and zinc 

binding sites close to the active site, at the interface of domain B and A. Zinc, in 

concentrations greater than 3 mM, inhibits more than 90% the activity of this enzyme, 

not being affected by calcium (62). 

 Differently, α-amylases from Bacillus sp (AmyK38), adapted to alkaline 

conditions and resistant to oxidizing reagents, do not bind calcium and are therefore 

not inhibited by chelating reagents. On the contrary, in site 1, a highly conserved and 

calcium-binding region, there is the presence of sodium (Na+), acting in the same way 

in maintaining the functional structure of the AmyK38 molecule (63). 

In Callosobruchus maculatus, α-amylase isoforms with 56, 45, and 35 kDa 

showed different inactivation profiles in relation to temperature. The 35 kDa amylase 

showed greater sensitivity to heat, while the 56 kDa one showed greater 

thermostability, but all were completely inactivated at 65 ºC for less than 10 minutes 

(64). Of these, none were inhibited by the α-amylase inhibitor (αAI-1), extracted from 

common bean (Phaseolus vulgaris) seeds, but were inhibited by inhibitors extracted 

from wheat (65). 

Amylases isolated from Zabrotes subfasciatus were sensitive to heat, being 

slightly inhibited after 20 minutes at 60 ºC, but activity was reestablished after the 

addition of 20 mM NaCl or 1.0 mM CaCl2 (47). In 1999, Silva and collaborators 

identified 3 α-amylase isoforms (95, 85 and 65 kDa) in Z. subfasciatus. The 85 kDa 

isoform is sensitive to heat, being completely inactivated after 30 minutes of incubation 

at 65 ºC, while the 65 kDa isoform was more thermostable, remaining active after 2 

hours. The 95 kDa isoform showed intermediate thermostability, inactivating between 

90 and 120 minutes. 

 

ATPases 

 ATPases hydrolyze ATP into ADP and inorganic phosphate using the energy 

released in different cellular processes such as muscle contraction, the transport of 

https://doi.org/10.54038/ms.v4i2.50
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ions across membranes, the beating of cilia and flagella and the movement of cellular 

vesicles (66–68). Some ATPases are integral membrane proteins such as Ca-

ATPases and Na/K-ATPase, while others are found in the cytoplasm, such as myosins, 

dyneins and kinesins participating in movements throughout the cytoskeleton (69,70). 

 The latter, called molecular motors (Figure 5), carry out transport along F-actin 

filaments in the case of myosins and microtubules, formed by heterodimers of α, β 

tubulin, in the case of dyneins and kinesins. The “cargo transported” by molecular 

motors includes membranous organelles, protein complexes, nucleic acids and a 

variety of other structures present within the cell. (71). 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Three types of molecular motors, highlighting the similarities in the domain structures. 

 

There are 10 classes of kinesins, 2 of dyneins, and 20 of myosins that are 

different in some respects. They all have a structural division into 2 domains, the motor 

domain, which hydrolyzes ATP and connects to the cytoskeleton, and the tail domain, 

which is a molecular structure that binds to the “transported cargo”, and which can play 

some regulatory role in the motor (68,71). 

https://doi.org/10.54038/ms.v4i2.50
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Kinesins are the most abundant motors in different types of cells and are 

composed of 144 motor domains in 31 species. Cargos transported by kinesins include 

vesicles, organelles, mitotic spindle, and chromosomes (72). The direction of 

movement carried out by kinesins can be either towards the end (-) or towards the end 

(+) of the microtubules (73). 

Dyneins are divided into 2 groups, axonemal and cytoplasmic, with movement 

towards the (-) end of microtubules (70). These molecular motors are involved in the 

transport of vesicles from the Golgi complex to the endoplasmic reticulum, aiding the 

mitotic spindle and thus potentially cytokinesis, in the case of cytoplasmic dyneins; and 

beating of cilia and flagella in the case of axonemal dyneins (74,75). 

Myosins are enzymes that are characterized by having three functional 

subdomains: a globular N-terminal domain (called head, or motor domain), which can 

bind to actin, hydrolyze ATP and translocate along actin filaments; a neck (or 

regulatory) domain, which consists of a calmodulin binding sequence and/or light 

chains, forming the IQ motifs, which can vary from zero to six in the different classes 

of myosins. Finally, a C-terminal region (tail domain) arranged in an α-helix with the 

ability to interact with the tails of other myosin molecules to form bipolar filaments 

(76,77). 

The C-terminal region, which is specific to each myosin class (69), it can act 

as an “anchor” for the positioning of the head domain in the interaction with actin. This 

region also appears to have a regulatory and/or targeting function for myosin with its 

cargo (69,77).  

Myosins are related to several cellular functions such as the transport of 

melanosome vesicles or RNA in the case of myosin V, endo- or exocytosis or 

phagocytosis in the case of myosin I (69,77). 

In insects, there are numerous cellular functions, responsible for the 

maintenance and development of life, which are performed by both integral membrane 

and soluble ATPases (78,79). In locust intestines, Na/K-ATPasic activities were 

detected, which presented an optimum pH of 7.5 and whose peak activity occurs at 
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equimolar concentrations of Mg and ATP. In immunoblot, this ATPase presented 

subunits similar to the ATPase of the V-ATPases family (79).   

Manduca sexta, tobacco hornworm, has a 40 kDa polypeptide that, through 

immunoblot and cDNA expressions, showed high similarity with ATPase subunits 

belonging to the V-ATPase family (80). In Manduca sexta you can also find members 

of ATPases associated with various cellular activities (AAA Families) that have one or 

two ATP-binding domains. MsNSF (Manduca sexta fusion protein sensitive to N-

ethylmaleimide) is a homo-oligomeric ATPase, classified as type II, as it has two ATP 

binding and hydrolysis domains, the first domain highly related to the transport 

function, while domain 2 is required for hexamerization of NSF, a functional 

holoenzyme in transport (81).  

ATPases can still act as biological control tools, as there are natural 

insecticides that cause inhibition of specific ATPases and, as a result, cause the death 

of the insect. Compounds such as 1,5-diphenyl-2-penten-1-one (dp-B), first isolated 

from Stellera chamaejasme (a plant typical of China), act on the nervous system of 

locusts, inhibiting their Ca-Mg-ATPasic activity to the detriment of other ATPases (82). 

 

FINAL CONSIDERATIONS 

 

Given the economic impact arising from the pest/problem of predation of insects 

from the bruchinae subfamily on palm trees, the search for new biomarkers used as 

biological control criteria, taking advantage of the biodiversity of plants and resources 

found in the Amazon is very important. The detection of key enzymes in insect 

metabolism, its functioning, and especially its metabolic diversity concerning other 

animals, insects, plants, and especially humans can be much more economical, 

simple, effective, and a new pest control tool/product. All this and not least, the action 

without adverse reactions to the other organisms contained in that habitat. 

  

https://doi.org/10.54038/ms.v4i2.50


   

17 
 

Review 

Mult. Sci. Rep.  2024; v. 4 n. 2 / ISSN: 2764-0388  

DOI:  https://doi.org/10.54038/ms.v4i2.50   
Submetido: 22/06/2023– Aceito: 28/06/2024 

 

REFERENCES 

1. Mayeux R. Biomarkers: Potential Uses and Limitations.  

2. Zamora-Obando HR, Godoy AT, Amaral AG, de Mesquita AS, Simões BES, Reis HO, et al. 

MOLECULAR BIOMARKERS OF HUMAN DISEASE: FUNDAMENTAL CONCEPTS, RESEARCH 

MODELS AND CLINICAL APPLICATIONS. Quim Nova. 2022;45(9):1098–113.  

3. Strimbu K, Tavel JA. What are biomarkers? Vol. 5, Current Opinion in HIV and AIDS. 2010. p. 

463–6.  

4. Díaz-Beltrán L, González-Olmedo C, Luque-Caro N, Díaz C, Martín-Blázquez A, Fernández-

Navarro M, et al. Human plasma metabolomics for biomarker discovery: Targeting the 

molecular subtypes in breast cancer. Cancers (Basel). 2021 Jan 1;13(1):1–18.  

5. Lacerda RF, Sena Romano IC. Available calcium levels in central nervous system for Arzenazo 

III method. GSC Advanced Research and Reviews. 2023 Jun 30;15(3):038–45.  

6. Lacerda RF, Gonçalves da Silva A, Sena Romano IC. Neurodegeneration Processes Go Far 

Beyond Necrosis and Apoptosis! Multidisciplinary Sciences Reports. 2021;1(1):1–19.  

7. Shao Y, Ouyang Y, Li T, Liu X, Xu X, Li S, et al. Alteration of metabolic profile and potential 

biomarkers in the plasma of Alzheimer⇔s disease. Aging Dis. 2020 Nov 19;11(6):1459–70.  

8. May PH, Anderson AB, Balick MJ, Frazão JMF. Subsistence benefits from the babassu palm 

(Orbignya martiana). Econ Bot. 1985;39(2).  

9. May PH, Anderson AB, Frazao JMF, Balick MJ. Agroforestry Systems 3. Vol. 2. 1985.  

10. Bezerra JA. Babaçu: as guerreiras do Mearin/mulheres de fibra. . Rev Globo Rural. 

1999;14:38–45.  

11. Veras De Carvalho A, Macedo JP. As guerreiras do babaçu: Mulheres quebradeiras de coco em 

movimento The babassu warriors: Female coconut breakers in motion Las guerreras del 

babaçu: Mujeres quebradoras de coco en movimiento. Estudos e Pesquisas em Psicologia. 

2019;19(2):406–26.  

12. Rocha Almeida R, audio Henrique Soares Del Menezzi C, Eterno Teixeira D. Utilization of the 

coconut shell of babac ßu( Orbignya sp.) to produce cement-bonded particleboard.  

13. Pinheiro CUB, Frazão JMF. Integral processing of babassu palm (orbignya phalerata, 

arecaceae) fruits: Village level production in maranhāo, Brazil. Econ Bot. 1995;49(1).  

14. Rocha Almeida R, Henrique Soares Del Menezzi C, Eterno Teixeira D. Utilization of the coconut 

shell of babaçu (Orbignya sp.) to produce cement-bonded particleboard. Bioresour Technol. 

2002;85(2).  

https://doi.org/10.54038/ms.v4i2.50


   

18 
 

Review 

Mult. Sci. Rep.  2024; v. 4 n. 2 / ISSN: 2764-0388  

DOI:  https://doi.org/10.54038/ms.v4i2.50   
Submetido: 22/06/2023– Aceito: 28/06/2024 

 

15. Emmerich FG, Luengo CA. Babassu charcoal: A sulfurless renewable thermo-reducing 

feedstock for steelmaking. Biomass Bioenergy. 1996;10(1).  

16. Baruque Filho EA, da Graca A Baruque M, Sant’Anna GL. Babassu coconut starch liquefaction: 

an industrial scale approach to improve conversion yield. Bioresour Technol [Internet]. 

2000;75(1):49–55. Available from: 

https://www.sciencedirect.com/science/article/pii/S0960852400000262 

17. da Silva BP, Parente JP. An anti-inflammatory and immunomodulatory polysaccharide from 

Orbignya phalerata. Fitoterapia. 2001;72(8).  

18. Moraes MO, Fonteles MC, Moraes MEA, Machado MLL, Matos FJA. Screening for anticancer 

activity of plants from the Northeast of Brazil. Fitoterapia. 1997;68(3).  

19. Vance-Harrop MH, De Gusmão NB, De Campos-Takaki GM. New bioemulsifiers produced by 

Candida lipolytica using D-glucose and babassu oil as carbon sources. Brazilian Journal of 

Microbiology. 2003;34(2).  

20. Gombert AK, Pinto AL, Castilho LR, Freire DMG. Lipase production by Penicillium restrictum in 

solid-state fermentation using babassu oil cake as substrate. Process Biochemistry. 

1999;35(1–2).  

21. Garcia AH, Rosa JAM, Costa MGG. Contribuição ao conhecimento do ataque do Pachymerus 

nucleorum fabr., 1792 (bruchidae-coleoptera) em Syagrus oleraceae mart. (Palmae). Anais da 

Escola de Agronomia e Veterinária. 1980;10(1).  

22. The palms of the Amazon. Choice Reviews Online. 1995;33(02).  

23. SANTOS EA dos. ; SSP da; FEJL; BJ de R; SLR. Flora de palmeiras do Horto Florestal de Rio 

Branco, Acre, Brasil. In: 61a Reunião Anual da SBPC. 2009.  

24. Harri Lorenzi. Flora brasileira: Arecaceae (palmeiras). 2010.  

25. FERREIRA EJLF. http://www.nybg.org/bsci/acre/www1/manual_palmeiras.html. Manual das 

palmeiras do Acre, Brasil.  

26. Daly DC, Silveira M. Primeiro Catálogo da Flora do Acre, Brasil. EDITORA DA UNIVERSIDADE 

FEDERAL DO ACRE – EDUFAC. Rio Branco; 2008.  

27. Pott A, Pott VJ, Sobrinho AAB. Plantas Úteis À Sobrevivência No Pantanal. IV Simpósio sobre 

Recurso Naturais e Sócio-econômico do Pantanal. 2004;  

28. Lorenzi H. Arvores brasileiras: manual de identificacao e cultivo de plantas arboreas do Brasil. 

Vol. 2, Nova Odessa: Plantarum. 1998.  

https://doi.org/10.54038/ms.v4i2.50


   

19 
 

Review 

Mult. Sci. Rep.  2024; v. 4 n. 2 / ISSN: 2764-0388  

DOI:  https://doi.org/10.54038/ms.v4i2.50   
Submetido: 22/06/2023– Aceito: 28/06/2024 

 

29. Santos GB dos, Marques MI, Adis J, Musis CR De. Artrópodos associados à copa de Attalea 

phalerata Mart. (Arecaceae), na região do Pantanal de Poconé, Mato Grosso, Brasil. Rev Bras 

Entomol. 2003;47(2).  

30. Meik J, Dobie P. The ability of Zabrotes subfasciatus to attack cowpeas. Entomol Exp Appl 

[Internet]. 1986;42(2):151–8. Available from: 

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1570-7458.1986.tb01016.x 

31. Basset Y. Invertebrates in the canopy of tropical rain forests: How much do we really know? 

In: Plant Ecology. 2001.  

32. Battirola LD, Adis J, Marques MI, Fábio E, Silva HO. Comunidade de Artrópodes Associada à 

Copa de Attalea phalerata Mart. (Arecaceae) durante o Período de Cheia no Pantanal de 

Poconé, MT Arthropod Community Associated with the Canopy of Attalea phalerata Mart. 

(Arecaceae) during the Flood Period of the Pantanal of Poconé, Mato Grosso, Brazil. Vol. 50, 

Psocoptera. 2007.  

33. Battirola LD, Marques MI, Adis J, Brescovit AD. Aspectos ecológicos da comunidade de 

Araneae (Arthropoda, Arachnida) em copas da palmeira Attalea phalerata Mart. (Arecaceae) 

no Pantanal de Poconé, Mato Grosso, Brasil. Rev Bras Entomol. 2004;48(3).  

34. Dênis Battirola L, Marques MI, Adis J, Delabie JHC. Composição da comunidade de Formicidae 

(Insecta, Hymenoptera) em copas de Attalea phalerata Mart. Vol. 49, Revista Brasileira de 

Entomologia. 2005.  

35. Dan C, And J, Siemens’ DH. BRUCHID GUILDS, HOST PREFERENCES, AND NEW HOST RECORDS 

FROM LATIN AMERICA AND TEXAS FOR THE GENUS STATOR BRIDWELL (COLEOPTERA: 

BRUCHIDAE). Vol. 49, The Coleopterists Bulletin. 1995.  

36. Luiz Marsaro Júnior A, Maria Noemberg Lazzari S, Rodrigues Pinto Júnior A. INIBIDORES DE 

ENZIMAS DIGESTIVAS DE INSETOS-PRAGA. Revista Acadêmica: Ciência Animal. 2017;4(1).  

37. Franco OL, Rigden DJ, Melo FR, Grossi-de-Sá MF. Plant α-amylase inhibitors and their 

interaction with insect α-amylases: Structure, function and potential for crop protection. Vol. 

269, European Journal of Biochemistry. 2002.  

38. Franco OL, Rigden DJ, Melo FR, Bloch C, Silva CP, Grossi De Sá MF. Activity of wheat α-amylase 

inhibitors towards bruchid α-amylases and structural explanation of observed specificities. 

Eur J Biochem. 2000;267(8).  

39. Meireles EA, Carneiro CNB, DaMatta RA, Samuels RI, Silva CP. Digestion of starch granules 

from maize, potato and wheat by larvae of the the yellow mealworm, tenebrio molitor and 

the Mexican bean weevil, Zabrotes subfasciatus. Journal of Insect Science. 2009;9.  

40. Sari LT, Ribeiro-Costa CS, Valle PR, Pereira S. Aspectos biológicos de Zabrotes subfasciatus. 

Vol. 47, Revista Brasileira de Entomologia. 2003.  

https://doi.org/10.54038/ms.v4i2.50


   

20 
 

Review 

Mult. Sci. Rep.  2024; v. 4 n. 2 / ISSN: 2764-0388  

DOI:  https://doi.org/10.54038/ms.v4i2.50   
Submetido: 22/06/2023– Aceito: 28/06/2024 

 

41. Janzen DH. Seed Predation by Animals. Annu Rev Ecol Syst. 1971;2(1).  

42. Janzen DH. Seed Predation by Animals Published by : Annual Reviews. Ecology. 2008;2(1971).  

43. Ernst WHO. Food consumption, life history and determinants of host range in the bruchid 

beetle Specularius impressithorax (Coleoptera: Bruchidae). J Stored Prod Res. 1993;29(1).  

44. Gallo D, Nakano O, Silveira Neto S, Carvalho RPL, Baptista GC de, Berti Filho E, et al. Manual 

de entomologia agricola. Ceres; 1988.  

45. González-Pérez SE, Coelho-Ferreira M, de Robert P, López Garcés CL. Knowledge and use of 

babassu (Attalea speciosa Mart. and Attalea eichleri (Drude) A.J. Hend.) among 

Mebengokrekayapó from Las Casas Indigenous Land, Pará state, Brazil. Acta Bot Brasilica. 

2012;26(2):295–308.  

46. Jongsma MA, Bolter C. The adaptation of insects to plant protease inhibitors. Vol. 43, Journal 

of Insect Physiology. 1997.  

47. Lemos FJA, Campos FAP, Silva CP, Xavier‐Filho J. Proteinases and amylases of larval midgut of 

Zabrotes subfasciatus reared on cowpea (Vigna unguiculata) seeds. Entomol Exp Appl. 

1990;56(3).  

48. Marshall JJ, Lauda CM. Purification and properties of phaseolamin, an inhibitor of α amylase, 

from the kidney bean, Phaseolus vulgaris. Journal of Biological Chemistry. 1975;250(20).  

49. Yamada T, Hattori K, Ishimoto M. Purification and characterization of two α-amylase inhibitors 

from seeds of tepary bean (Phaseolus acutifolius A. Gray). Phytochemistry [Internet]. 

2001;58(1):59–66. Available from: 

https://www.sciencedirect.com/science/article/pii/S0031942201001789 

50. Guzmán Maldonado SH, Marín-Jarillo A, Castellanos JZ, González De Mejía E, Acosta-Gallegosc 

JA. Relationship between physical and chemical characteristics and susceptibility to Zabrotes 

subfasciatus (Boh.) (Coleoptera:Bruchidae) and Acanthoscelides obtectus (Say) in common 

bean (Phaseolus vulgaris L.) varieties. J Stored Prod Res. 1996;32(1).  

51. Macedo MLR, das Graças Machado Freire M, Novello JC, Marangoni S. Talisia esculenta lectin 

and larval development of Callosobruchus maculatus and Zabrotes subfasciatus (Coleoptera: 

Bruchidae). Biochimica et Biophysica Acta (BBA) - General Subjects [Internet]. 

2002;1571(2):83–8. Available from: 

https://www.sciencedirect.com/science/article/pii/S0304416502001551 

52. Doss RP, Oliver JE, Proebsting WM, Potter SW, Kuy S, Clement SL, et al. Bruchins: Insect-

derived plant regulators that stimulate neoplasm formation. Proc Natl Acad Sci U S A. 

2000;97(11).  

https://doi.org/10.54038/ms.v4i2.50


   

21 
 

Review 

Mult. Sci. Rep.  2024; v. 4 n. 2 / ISSN: 2764-0388  

DOI:  https://doi.org/10.54038/ms.v4i2.50   
Submetido: 22/06/2023– Aceito: 28/06/2024 

 

53. Said Suraia ed., Pietro Rosemeire Cristina Linhari Rodrigues ed. Enzimas como agentes 

biotecnológicos. 2004.  

54. Janeček Š. α-Amylase family: Molecular biology and evolution. Vol. 67, Progress in Biophysics 

and Molecular Biology. 1997.  

55. Machius M, Declerck N, Huber R, Wiegand G. Activation of Bacillus licheniformis α-amylase 

through a disorder → order transition of the substrate-binding site mediated by a calcium-

sodium-calcium metal triad. Structure. 1998;6(3).  

56. Machius M, Wiegand G, Huber R. Crystal structure of calcium-depleted Bacillus licheniformis 

α-amylase at 2.2 Å resolution. J Mol Biol. 1995;246(4).  

57. Krause M, Kiema TR, Neubauer P, Wierenga RK. Crystal structures of two monomeric 

triosephosphate isomerase variants identified via a directed-evolution protocol selecting for l-

arabinose isomerase activity. Acta Crystallographica Section F [Internet]. 2016;72(6):490–9. 

Available from: https://onlinelibrary.wiley.com/doi/abs/10.1107/S2053230X16007548 

58. Friedmann T, Epstein CJ. The role of calcium in the reactivation of reduced Taka-amylase. 

Journal of Biological Chemistry. 1967;242(21).  

59. Saboury AA, Karbassi F. Thermodynamic studies on the interaction of calcium ions with alpha-

amylase. Thermochim Acta. 2000;362(1–2).  

60. Sajedi RH, Naderi-Manesh H, Khajeh K, Ahmadvand R, Ranjbar B, Asoodeh A, et al. A Ca-

independent α-amylase that is active and stable at low pH from the Bacillus sp. KR-8104. 

Enzyme Microb Technol. 2005;36(5–6).  

61. Wanderley KJ, Torres FAG, Moraes LMP, Ulhoa CJ. Biochemical characterization of α-amylase 

from the yeast Cryptococcus flavus. FEMS Microbiol Lett. 2004;231(2).  

62. Linden A, Mayans O, Meyer-Klaucke W, Antranikian G, Wilmanns M. Differential regulation of 

a hyperthermophilic α-amylase with a novel (Ca,Zn) two-metal center by zinc. Journal of 

Biological Chemistry. 2003;278(11).  

63. Nonaka T, Fujihashi M, Kita A, Hagihara H, Ozaki K, Ito S, et al. Crystal Structure of Calcium-

free α-Amylase from Bacillus sp. Strain KSM-K38 (AmyK38) and Its Sodium Ion Binding Sites. 

Journal of Biological Chemistry. 2003;278(27).  

64. Silva CP, Terra WR, Xavier-Filho J, Grossi De Sá MF, Lopes AR, Pontes EG. Digestion in larvae of 

Callosobruchus maculatus and Zabrotes subfasciatus (Coleoptera: Bruchidae) with emphasis 

on α-amylases and oligosaccharidases. Vol. 29, Insect Biochemistry and Molecular Biology. 

1999.  

https://doi.org/10.54038/ms.v4i2.50


   

22 
 

Review 

Mult. Sci. Rep.  2024; v. 4 n. 2 / ISSN: 2764-0388  

DOI:  https://doi.org/10.54038/ms.v4i2.50   
Submetido: 22/06/2023– Aceito: 28/06/2024 

 

65. Campos FAP, Xavier-Filho J, Smva CP, Ary MB. RESOLUTION AND PARTIAL CHARACTERIZATION 

OF PROTEINASES AND ~-AMYLASES FROM MIDGUTS OF LARVAE OF THE BRUCHID BEETLE 

CALLOSOBRUCHUS MACULATUS (F.). Vol. 9211, Biochem. Physiol. 1989.  

66. Komoszyński M, Wojtczak A. Apyrases (ATP diphosphohydrolases, EC 3.6.1.5) : Function and 

relationship to ATPases. Vol. 1310, Biochimica et Biophysica Acta - Molecular Cell Research. 

1996.  

67. Vale RD, Goldstein LSB. One motor, many tails: An expanding repertoire of force-generating 

enzymes. Vol. 60, Cell. 1990.  

68. Schliwa M, Woehlke G. Molecular motors. Nature [Internet]. 2003;422(6933):759–65. 

Available from: https://doi.org/10.1038/nature01601 

69. Mermall V, Post PL, Mooseker MS. Unconventional myosins in cell movement, membrane 

traffic, and signal transduction. Vol. 279, Science. 1998.  

70. Hirokawa N, Noda Y, Okada Y. Kinesin and dynein superfamily proteins in organelle transport 

and cell division. Curr Opin Cell Biol. 1998;10(1).  

71. Karcher RL, Deacon SW, Gelfand VI. Motor -cargo interactions: The key to transport 

specificity. Vol. 12, Trends in Cell Biology. 2002.  

72. Kim AJ, Endow SA. A kinesin family tree. J Cell Sci. 2000;113(21).  

73. Reddy VS, Reddy ASN. The calmodulin-binding domain from a plant kinesin functions as a 

modular domain in conferring Ca2+-calmodulin regulation to animal plus- and minus-end 

kinesins. Journal of Biological Chemistry. 2002;277(50).  

74. Karki S, Holzbaur EL. Cytoplasmic dynein and dynactin in cell division and intracellular 

transport. Curr Opin Cell Biol. 1999;11(1).  

75. Dynein: A protein with adenosine triphosphatase activity from cilia. Science (1979). 

1965;149(3682).  

76. Sellers JR. Myosins: A diverse superfamily. Vol. 1496, Biochimica et Biophysica Acta - 

Molecular Cell Research. 2000.  

77. Hasson T, Mooseker MS. Vertebrate unconventional myosins. Vol. 271, Journal of Biological 

Chemistry. 1996. p. 16431–4.  

78. Cunha VMN, de Souza W, Noël F. A Ca2+ -stimulated, Mg2+ -dependent ATPase activity in 

subcellular fractions from Schistosoma mansoni. FEBS Lett. 1988;241(1–2).  

79. Al-Fifi ZIA, Marshall SL, Hyde D, Anstee JH, Bowler K. Characterization of ATPases of apical 

membrane fractions from Locusta migratoria Malpighian tubules. Insect Biochem Mol Biol. 

1998;28(4).  

https://doi.org/10.54038/ms.v4i2.50


   

23 
 

Review 

Mult. Sci. Rep.  2024; v. 4 n. 2 / ISSN: 2764-0388  

DOI:  https://doi.org/10.54038/ms.v4i2.50   
Submetido: 22/06/2023– Aceito: 28/06/2024 

 

80. Hans Merzendorfer WRHHW. Sense and antisense RNA for the membrane associated 40 kDa 

subunitM40 of the insect V-ATPase. FEBS Lett. 1997;  

81. Pullikuth AK, Gill SS. Identification of a Manduca sexta NSF ortholog, a member of the AAA 

family of ATPases. Gene. 1999;240(2).  

82. Ping G, Yanping L, Shigui L. Effects of dp-B on ATPase activity of insect plasma membrane. 

Pestic Biochem Physiol. 2004;80(3).  

  

https://doi.org/10.54038/ms.v4i2.50

