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Abstract

The cattle tick Rhipicephalus microplus is an ectoparasite able to transmit a large number of pathogens, 
causing considerable losses in the cattle industry, with substantial damage to livestock. Currently, many 
studies has been conducted in search of targets to control these vectors, primarily in adults, nymphs or 
larvae, neglecting other important stage of the life cycle, such as the embryo. The embryogenesis has also 
been classically described as an energy-consuming process, sustaining cell proliferation, differentiation 
and growth. Furthermore, in arthropods, the embryonic stage is characterized by the mobilization 
of metabolites of maternal origin for the development of new tissues and organs. The resynthesis of 
glycogen in late embryogenesis has been described in numerous arthropods as Drosophila melanogaster, 
Rhodnius prolixus, Aedes aegypti, and others, being an indicator of embryonic integrity. In the case of tick 
R. microplus this glycogen resynthesis is sustained by protein degradation through gluconeogenesis 
pathway at the end of embryonic process. However, during early embryogenesis the lipids are recruited to 
ensure cell proliferation and differentiation. Despite the recent advancements in energy metabolism and 
molecular information, the process of dynamic nutrients utilization during embryogenesis of the tick R. 
microplus is poorly understood. In this context, this study aims to describe the regulatory mechanisms of 
the carbohydrate metabolism, associating with maternal zygotic transition in order to yield new targets 
for developing novel acaricides and other interventions to control R. microplus infestations.
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Background

Arthropods Embryonic development

The fruit fl y Drosophila melanogaster has been used as a 
primary model for understanding the molecular basis of the 
mechanisms that orchestrate development [1]. A large amount 
of molecular biology and genetic tools available to understand 
the events leading to cell differentiation in D. melanogaster 
embryo and gene regulatory networks that control this process 
makes this Diptera the best well-known organism among 
multicellular animals [2]. Understanding embryonic complex 
gene regulatory networks and their interaction might unveil 
the secrets of insect evolution [3,4].

Before the gastrulation event, the embryo can be understood 
as a system of two-dimensional Cartesian coordinates [5], 
displaying clear anterior-posterior axis (AP) and dorsal-
ventral axis (DV) which are independent from each other, 
however, simultaneously established. The pre-determination 
of embryonic cell fate is possible by the deposition of maternal 
mRNAs, which provides positional information that can be 
interpreted and refi ned by downstream target genes [6]. 

Different approaches have been combined to understand 
the great transitions that occurred in embryonic patterning 
strategies during the evolution of insects [7]. One approach 
in particular has been able to generate greater understanding 
of insect embryogenesis. By comparing it to the ancestor 
model, the short-germ type of hemimetabolous and some 
holometabolous groups derived from long-germ type found 
in Drosophila may reveal how gene regulatory networks has 
evolved in insects, and unravel common strategies that would 
be linked to the transition from short to long-germ type of 
embryogenesis [3].

At the beginning of embryonic development, the embryo is 
going through the maternal zygotic transition (MTZ), a process 
characterized by an extensive mRNA degradation followed 
by the activation of zygotic transcription. During the oocyte 
formation, the female lays mRNA, protein and certain nutrients 
for future zygotic development [8]. After fertilization, the 
genetic material deposited by the female controls the majority 
of early events [9]. 

MZT is an event that occurs in many organisms. Among 
the ones studied, echinoderms, nematodes, insects, fi sh, 
amphibians and mammals stand out. By comparison, while the 
Drosophila melanogaster MZT is completed in around 2.5 hours, 
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in mice it occurs in about 22 hours after fertilization [10]. In 
D. melanogaster the destabilization of maternal transcripts 
involves the combination of two types of events. The fi rst event 
is exclusively maternal and happens after the oocyte activation, 
even in the absence of zygotic products, the second one takes 
place after zygotic activation [8]. In D. melanogaster, maternal 
transcript destabilization has been related to the RNA binding 
protein Smaug (SMG) [11-13]. 

The fi rst zygotic genes activated in D. melanogaster 
display variants of sequences termed “TAGteam”, which is 
composed by approximately 500 base pairs and is responsible 
for upstream genes transcription [14]. Studies have identifi ed 
the protein Zelda, encoded by the zinc-fi nger gene zld, which 
binds it to the TAGteam, promoting its transcription [15]. In 
D. melanogaster, two zygotic activation clusters are activated 
during the mitotic cycles 8 and 14 and mostly zygotic mRNA 
and their transcription factors [9]. Some of these genes are 
responsible for establishing the anteroposterior axis (AP) and 
dorsoventral axis (DV) during embryonic syncytial and cellular 
blastoderm stages, while others are suggested to be involved in 
the induction of the zygotic genome activation [16]. While most 
studies in D. melanogaster have focused on the transcription 
factors and signaling molecules during early development, 
much less is known about the metabolic status regulation 
during these stages [17]. 

Embryogenesis has been classically described as an 
energy-consuming process [18,19]. In this context, the 
energy metabolism needs to be fi nely regulated since the egg 
constitutes a closed system, depending only on the yolk content 
for the embryo energy maintenance and tissue development 
[20-22]. After embryonic development, the tick larvae hatch 
with yolk remaining in the midgut [23]. These reserves will 
sustain the arthropod during starvation.

The tick Amblyomma americanun survives under starvation 
for approximately eight months in larval stage, whereas 
nymphs and adults survive for 6 and 19 months respectively 
[24]. Many other tick species can survive for a long time under 
starvation, such as Ornithodoros erraticus, that under natural 
conditions can survive for years without feeding in adult 
stage [25]. Already in Amblyomma spp in nymphal stage this 
tick can survive for 12 months and around 6 months as larvae 
[26]. In extreme climatic situations, the tick R. microplus larvae 
can stand more than six months without feeding [27]. In all 
aforementioned cases, tick survival under starvation, for long 
periods without the host, requires a dynamic regulation of 
energy metabolism.

The energy metabolism dynamic in arthropod’s embryos

The cattle tick Rhipicephalus microplus is an obligatory 
ectoparasite found in tropical and subtropical regions, it’s 
important in public health and veterinary medicine for being 
a vector of several diseases and causing considerable losses in 
the cattle industry. With its control in Brazil, the losses are 
estimated at 3 billion U.S. dollars a year [28], part of these 
costs are directly associated with the use of drugs against 
ticks, however, the increasing number of resistance cases to 

acaricides has been observed [29-31]. Pohn and collaborators 
demonstrated the performance of ATP-binding cassette 
(ABC) transporters for cellular drugs detoxifi cation, such 
as ivermectin, accomplishing to proton pumping across 
membranes, which are used by ticks as an important factor 
that generates resistance to acaricides [32]. Furthermore, drug 
resistance is considered to be the major obstacle to effective 
parasite control [33].

Other works indicate a mutual regulation at the 
transcriptional and enzymatic levels among major glucose 
metabolism enzymes [34]. Additionally, the measurement 
of metabolites has allowed us, over the years, to infer about 
the substrates metabolic routes through the pathways of 
carbohydrate catabolism and anabolism [35]. These studies 
also expanded our knowledge about the hematophagous 
arthropod physiology, as well as energy metabolism [34,36,37]. 
Furthermore, the investigation of key components of these 
metabolic pathways has provided potential targets for the 
strategies of vaccines or drugs development/improvement, 
necessary to control important disease vectors. Although these 
events are primarily studied in embryonic cells or during 
the embryonic process [35,38], aspects related to glucose 
metabolism have also been investigated in adult arthropod 
tissues and organs, before or after blood feeding [39]. 

Our group has been investigating the mechanisms 
underlying energy metabolism during embryonic development 
in R. microplus, providing some insights into the dynamic 
processes that accompany nutrient utilization during tick 
embryogenesis in order to obtain suitable candidates to develop 
vaccines against ticks [36-38,40].

Nevertheless, blood feeding is essential for females to 
complete oogenesis and consequently achieve their reproductive 
success [41]. Hematophagous arthropods ingest large amounts 
of blood, often acquiring an equivalent blood meal of their 
own weight or more. Table 1 describes the weight gain after 
blood meal, the amount of eggs laying and the engorged blood 
by three hematophagous arthropods, Rhipicephalus microplus, 
Rhodnius prolixus and Aedes aegypti. The use of blood nutrient 
for egg production is highly effi cient [42-48]. 

The classical study in arthropod embryonic metabolism 
demonstrates how glycogen reserves are important in 
sustaining embryo development [20,36,37,39,49]. During 
Drosophila melanogaster oogenesis, glycogen is largely 
accumulated in mature ovarian follicles, as a predominant 
form of carbohydrate storage in eggs [50]. In the fi rst stages 

Table 1: Comparison showing engorged blood, weight gain after blood meal and 
eggs laying between Rhipicephalus microplus, Rhodnius prolixus and Aedes aegypti.

Rhipicephalus 
microplus

Rhodnius 
prolixus

Aedes aegypti

Engorged blood 300-500 μl 297s μl** 2,5 μl

Weight gain after blood 
meal

150-200 mg 236,8 mg 3 mg

Number of eggs layed* 3000 574 75

*The number of the eggs laying is mean values per females; **The amount of the 
blood is the average fl ow rate of 0,33μl per second.
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of Drosophila embryogenesis, glycogen and protein content 
had an inverse correlation. While total protein levels decline, 
glycogen amount increases [50-52]. Other studies have also 
shown that glycogen content oscillates during Drosophila 
embryogenesis, and it is abundantly stocked at the late stages 
of fl y embryogenesis [53,54]. 

During the embryonic development of the tick R. microplus, 
a similar profi le of glycogen metabolism was perceived. During 
early tick embryonic development, glycogen degradation was 
observed, whereas during fi nal stages of embryogenesis, 
glycogen reserves are resynthesized, followed by subsequent 
protein degradation. At that moment, the gluconeogenesis 
was intensifi ed to supply the embryo with suffi cient glucose. 
Thus, the use of amino acids as a substrate for gluconeogenesis 
and the subsequent glycogen re-synthesis plays an important 
role during the fi nal stages of embryogenesis among these 
arthropods [36]. This observation is coupled with the dynamic 
usage of major energy sources like lipids, carbohydrates and 
proteins (Figure 1), as we have observed, there’s a signifi cant 
gluconeogenesis contribution to maintain the energy balance 
in late stages of R. microplus embryo development [36,37,40].

Gluconeogenesis produces glucose from non-glycosidic 
compounds. This pathway is regulated by phosphoenolpyruvate 
carboxikinase (PEPCK), an enzyme that catalyze the initial 
step of gluconeogenesis (Ballard and Oliver 1963; Ballard 
et al. 1967). When glucose levels become low, as in early 
development, the gluconeogenic fl ux accelerates. In such 
cases, PEPCK increase its transcription and activity, since this 
enzyme is mainly regulated by transcription [55]. Moraes [36], 
observed an increase in PEPCK activity at the same time as 
glycogen was re-synthesized, suggesting that this pathway 
could be providing glucose through other substrates, ensuring 
the glycogen re-synthesis. In contrast, in Aedes aegypti, the 
PEPCK activity displays a different dynamic behavior. During 
early embryogenesis, PEPCK activity is low, whereas during 
middle and late embryogenesis the activity is increased and 
keeps high until hatching [39]. These results suggest that, in 
addition of PEPCK, the gluconeogenesis may have an important 
role to maintain in embryo’s development. 

Taken together, there is a necessity of a metabolic control 
so that the embryogenesis can be successfully established; 

however, precise details remain unclear. It is clear that 
glycolysis metabolism is essential in this development process 
in various species, yet it is necessary to combine knowledge 
from different studies to build up a comprehensive vision 
of metabolism through developmental stages during the 
embryogenesis.
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