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Abstract: Early humans have domesticated plant and animal species based on ancient empirical concepts 
(Darwin 1868, 1876). In 1886, Mendel established a new paradigm of hereditary laws (Mendel 1866, 
1870, 1950) based on genotypic and phenotypic traits of cross-compatible species, establishing a complex 
breeding technology that is currently utilized for the development of most food and livestock-derived 
products. Recently, studies on deciphering the double-helical structure (Watson and Crick 1953a, b) and 
how to restrict DNA (Arber 2012) have established the foundation of recombinant DNA technology. A 
new era is paving the way for genetic manipulation of important traits among all the kingdom’s organisms, 
allowing for the development of innovative and widely utilized products for the agricultural, industrial and 
pharmaceutical production sectors (Mc Elroy 2003, 2004, ISAAA 2016).
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INTRODUCTION

Brazil has a significant percentage of the economic 
matrix generated in agribusiness and also 
constitutes a region of mega-biodiversity. Where 
conservation and sustainable use of biodiversity 
is the physical basis for agribusiness, exerted 
through water resources, water availability, genetic 
resources, soil conservation, climate stability, and 
nutrient recycling, among other physical factors 
and chemicals.

The Amazon region is home to a mega-
biodiversity (Soares et al. 2006). Different models 
have been proposed (Peres and Terborgh 1995, 
Schwartzman et al. 2000, Merry et al. 2003, 

Nepstad et al. 2002, 2006, Soares-Filho et al. 2006, 
Gullison et al. 2007) with the aim of establishing 
an active conservation policy, sustainable use and 
added value for biodiversity. Over the years the 
Amazon region has been submitted to a vicious 
circle that involves devastation of the forest and 
falling employment. There is a hypothesis linking 
a reduction in deforestation and an increase in 
governance with the higher employment and 
income that is associated with development in 
various processes and products, and this has been 
extolled as a virtuous development circle (Nepstad 
et al. 2002). Besides, generating carbon credits has 
been suggested as a viable development strategy 
for the region (Nepstad et al. 2006b, Stern 2006). 
In contrast, it has been demonstrated that recent 
significant losses of forest and rising incomes can 
be linked mainly to the expansion of cattle-farming 
and soy-growing industries (Nepstad et al. 2006b). 
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It is accepted that the real value of biodiversity 
is still unknown and any estimates are speculative. 
The Amazon region is so complex that it needs 
studies based on added value as a factor that, in 
turn, depends on technological advances. Currently, 
a broad spectrum of technologies associated with 
recombinant DNA is available, and these permit the 
collection, manipulation and practical evaluation of 
many molecules that come from biodiversity.

Early humans have domesticated plant and 
animal species based on ancient empirical concepts 
(Darwin1868,1876). In 1886, Mendel established 
a new paradigm of hereditary laws (Mendel, 1866, 
1870, 1950) based on genotypic and phenotypic 
traits of cross-compatible species, developing a 
sophisticated breeding technology utilized for the 
development of most food and livestock-derived 
products. Recently, studies on deciphering the 
double-helical structure (Watson and Crick 1953a, 
b) and how to restrict DNA (Arber 2012) have 
established the foundation of recombinant DNA 
technology. A new era is paving the way for genetic 
manipulation of important traits among all the 
kingdom’s organisms, allowing for the development 
of innovative and widely utilized products for 
the agricultural, industrial and pharmaceutical 
production sectors (Mc Elroy 2003, 2004, ISAAA 
2016). 

Currently, it is possible to state that the world 
has reached the mature stage of recombinant DNA 
technology, which, in turn, may allow us to envisage 
the capacity to generate a significant number of novel 
processes and products for the benefit of human 
beings and sustainable utilization and conservation 
of biodiversity and the environment as a whole. 
One possibility termed “synthetic domestication 
of useful traits” (Rech and Arber 2013). Although 
technical issues are still a challenge, the broad 
potential of progress is accelerating. Nevertheless, 
ethics and a comprehensive regulatory system 
ought to be discussed to guarantee deeper and 

higher standards of deregulation before any product 
reaches the market.

Currently, available tools and technologies 
for synthetic domestication of useful traits have 
opened the door for another breakthrough in 
scientific progress (Cermak et al. 2011, Doyon 
et al. 2011, Gibson et al. 2008, Rech and Arber 
2013, Cong et al. 2013, Boch et al. 2009, Carlson 
and Lancto 2016). Making use of genome editing 
(Boch et al. 2009, Mali et al. 2013, Li et al. 2013, 
Jiang et al. 2013, Cong et al. 2013, Doudna and 
Charpentier 2014, Carlson and Lancto 2016), a 
template founded on molecular synthesis, assembly 
and synthetic biology (Yu et al. 2006, Gibson et al. 
2008, 2010, Annaluru et al. 2014, Hutchison et al. 
2016), has allowed for the sustainable prospection 
and manipulation of innovative traits found in 
biodiversity. Examples follows here which should 
fit within the concept of “synthetic domestication of 
useful traits”, through the utilization of recombinant 
DNA technology and genetic engineering directing 
the sustainable use of biodiversity.

PRODUCTION OF SYNTHETIC SPIDER FIBRE

Spider silk fibre has been noted for its unique 
physical and mechanical properties and recognized 
as a protein-based nanomaterial (Lewis 2006, Silva 
and Rech 2013). To this end, the functional genome 
of different Brazilian spiders’ silk glands have 
been studied, considering evolution and evaluating 
the potential development of novel biopolymers 
through synthetic biology (Bittencourt et al. 2010, 
Prosdocimi et al. 2011). Drawing on genome 
and transcriptome data, it has become possible 
to design de novo proteins and produce synthetic 
spider-like fibres in bacteria. Which, in turn, has 
led to the development of alternative strategies 
for the production of synthetic silk proteins using 
recombinant DNA technology (Teulé et al. 2009, 
Murad and Rech 2011). A complete procedure 
for the artificial spinning of fibres made from 
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recombinant proteins based on chimeric or native 
synthetic spider silk-like sequences was developed 
and produced through genetic engineering in E. coli. 
The strategy is to build large synthetic spider silk-
like tandem repeat sequences from small double-
stranded monomer DNAs flanked by compatible but 
non-regenerable restriction sites (Figure 1 and 2). 

ENGINEERING SOYBEAN SEEDS AS A 
SCALABLE PLATFORM TO PRODUCE 

A MICROBICIDE AGAINST HIV

There is an urgent need to provide effective anti-HIV 
microbicides to resource-poor areas worldwide. 
Some of the most promising microbicide 
candidates are biotherapeutics targeting viral entry. 
For availability of biotherapeutics to poorer areas, 
it is vital to reduce their cost. Cyanovirin-N (CV-
N), an 11 009 Da protein isolated from cultures 
of the cyanobacterium Nostoc ellipsosporum, is a 
potent lectin capable of irreversibly inactivating 
diverse strains of HIV (types 1 and 2) and simian 
immunodeficiency virus (Boyd et al. 1997). 
We report the production of biologically active 
recombinant cyanovirin-N (rCV-N), an antiviral 
protein, in genetically engineered soybean seeds. 
Pure, biologically active rCV-N was isolated with 
a yield of 350 µg/g of dry seed weight. rCV-N 
purified from soya is active in anti-HIV assays, 
with an EC50 of 0.82-2.7 nM (compared to 0.45-
1.8 nM for E. coli-produced CV-N). Standard 
industrial processing of soya bean seeds to harvest 
soya bean oil does not diminish the antiviral 
activity of recovered rCV-N, allowing the use of 
industrial soya bean processing to generate both 
soya bean oil and a recombinant protein for anti-
HIV microbicide development (O’Keefe et al. 
2015). Expression of rCV-N was achieved using 
specific regulatory sequences within soybean seed 
tissues (Rech et al. 2008). One of the difficulties in 
fully evaluating CV-N as a microbicide has been 
the high cost of production. CV-N produced in 
soybean seeds addresses this critical requirement, 

and soya beans should be evaluated as a production 
system to produce other suitable candidate 
microbicides for further preclinical evaluation and, 
possibly, clinical testing in humans. Development 
of a suitable expression source for the manufacture 
of an anti-HIV topical microbicide requires a low-
cost methodology to have the broadest utility in 
the areas of the world most affected by HIV (Essex 

Figure 1 - Parawixia bistriata major ampullate (masp 1) 
synthetic fibers. (left). Fiber produced by extrusion of a 15% 
(wt/vol) MaSp 1 spinning dope; (right) Three times (3X) 
stretched (Teulé et al. 2009).

Figure 2 - A representative atomic force microscopy image 
of the topographic surface of a synthetic spider silk-like fibre 
made from the synthetic recombinant protein MaSp 2 from 
Parawixia bistriata. 
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1996, Gartner et al. 1986, O’Keefe et al. 2009). 
Suitable microbicide candidates must meet an 
array of criteria. Although potential microbicides 
meeting some of these functional criteria are 
available, few microbicides have been able to be 
produced at sufficiently low cost (Figure 3).

REGULATORY GENE CIRCUITS 
UTILIZING SERINE INTEGRASES

Although single genetic switches and circuits are 
in the early stage of development, it is possible to 
envisage a not-too-distant future in which multiple 
switches become the norm, allowing increasingly 
precise control of gene regulation and expression 
in plants and mammalian cells for the development 
of innovative processes and products for the benefit 
of human beings and the environment. Studies on 
gene regulation have demonstrated effective control 
of the RNA polymerase flux by utilizing different 
serine integrases, which are capable of catalysing 
unidirectional inversion of DNA to turn on/off 
regulatory genes in prokaryotic cells (Schwille 
2011, Nandagopal and Elowitz 2011, Bonnet et 
al. 2013, Yang et al. 2014, Nielsen et al. 2016, 
Weinberg et al. 2017). A simplified mathematical 
model was proposed to explain and define core 
features that are demanded and sufficient for the 
regulation of both ‘forward’ and ‘reverse’ integrase 
reactions (Pokhilko et al. 2017). In this model, the 
substrates of the ‘forbidden’ reactions (between 
attL and attR in the absence of RDF and between 
attP and attB in the presence of RDF) are trapped 
as inactive protein–DNA complexes, ensuring that 
these ‘forbidden’ reactions are prolonged. The 
model is in good agreement with the observed in 
vitro kinetics of recombination by φC31 integrase, 
and it defines the core features of the system that 
are necessary and sufficient for directionality. 
However, knowledge about the functionality of 
integrases in eukaryotic cells is still limited. Here, 
we show the remarkable functional capability 

of bacteriophages’ serine integrases acting in 
plant and mammalian cells. A co-transformation 
plasmid system was utilized for in vitro evaluation 
of different integrases in Arabidopsis thaliana 
protoplasts, bovine fibroblasts, and human cells. 
The first plasmid contained the codon-optimized 
integrase 2 gene and integrase 5 gene sequences 
under inducible promoters. The second plasmid 
was a reporter plasmid that contains the gfp gene 
under the 35SCaMV promoter placed in reverse 
complement orientation and flanked by the 
attB and attP sites of both integrases. Once the 
integrases were expressed, the promoter sequence 
was flipped to its correct orientation, promoting 
GFP (green fluorescent protein) expression. The 
results obtained demonstrated that the promoter 
was correctly flipped, which, in turn, led to RNA 
polymerase flux through the DNA molecule and 
GFP expression, as detected by fluorescence 
microscopy and flow cytometry. The promoter 

Figure 3 - Concentration dependant anti-HIV activity of 
purified rCV-N on HIV-1RF infected () and uninfected () 
CEM-SS cells assessed after 6 days in culture. The number 
of surviving cells was measured by the XTT method and is 
indicated as percent untreated uninfected cell control. Pure 
rCV-N (infected) had an EC50 value of 20.82nM and an IC50 of 
284.55nM. The CC50 was 280.71nM for the uninfected sample. 
The dotted line indicates untreated virus-infected cell controls 
and the dashed line indicates untreated, uninfected cell 
controls. Error bars indicate standard deviation of the mean 
values obtained from triplicate samples (O’Keefe et al. 2015).
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inversion was detected by PCR and sequencing 
analyses. We anticipate our results to be an initial 
point for development of more complex models 
of gene regulation in plants using synthetically 
engineered integrases. Currently, we have been 
utilizing recombinases, such as serine integrases, 
to determine the endogenous nonessential genes 
within genomes. This fact may allow to design 
and provide systems to control endogenous 
and exogenous gene regulation through the 
development of synthetic genetic circuits, which, 
through external chemical, physical and biological 
inducers, are capable of switching specific traits 
“on” and “off” in model eukaryotic organisms 
(Coelho et al. 2017; Figure 4).

In addition to the efforts made to conserve 
biodiversity, an effective increase in estimates of the 
value of biodiversity is needed, based on evidence. 
The use of biotechnology may constitute a valuable 
tool and viable option for the advocated evaluation 
of biodiversity as well as for its sustainable use and 
production of innovative molecules. Biotechnology 
aiming the synthetic domestication of useful traits 
may well fit as a virtuous circle option. Due to the 
urgency and strategic importance, the operational 
evaluation of biodiversity should be associated 
with the establishment of partnerships between the 
public and private sectors, along with necessary 
interactions with developed countries as a relevant 
foundation.

Figure 4 - Diagram of in silico design of a genetic circuit. Representation of the two plasmid system used to evaluate the 
functionality of the integrases in plant cells. Integrase plasmids containing two different Arabidopsis thaliana codon-optimized 
integrases under inducible promoters and the reporter plasmid containing eGFP under a CaMV 35S promoter at the reverse 
orientation and flanked by the recognition sites of the integrases, before induction and at forwarding orientation after induction 
(Coelho et al. 2017).
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