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Abstract

Risk assessment for a transgene is one of the key steps in the genetic transformation. In order to use
crylAc gene in production of transgenic plants, a library and in-silico research was performed to confirm
the safety of the gene product for human consumption, animal feed and the environment. In the first step,
the molecular mechanism of action of the CrylAc protein and its specific receptors in the midgut cells of
the target organism was explored. Digestibility of the protein in the stomach and intestine liquids have
been investigated based on the peer reviewed documents. It was demonstrated that the CrylAc protein
could be completely digested in the stomach liquid of vertebrates, especially mammalians including the
human. It was shown that addition of the pure protein into the animal diets did not result to any
abnormalities in the growth pattern and also blood histochemistry of the experimental animals. Also,
whole plant assays using the different diets contained the transgenic and non-transgenic plant materials in
different experimental animals was discussed. These experiments did not result to any differences
between the groups. Possibility of the toxic effect of the CrylAc protein was investigated via in-silico
tools. The results did not show any similarity between the known toxic protein and the CrylAc protein.
Allergenicity of the CrylAc protein was assessed in-silico in different ways. It was proven that there were
any similarities between the protein and the other known allergens. At the end, the persistency of the
CrylAc protein in the soil was explored. Since the different experiments on exposure of the pure protein
or the transgenic plant tissues into the environment proved that the CrylAc protein is degraded easily in
the soil, it could be concluded that the CrylAc protein is an environmental friendly protein. Eventually,
the final conclusion is that the CrylAc protein is a safe protein for human consumption, animal use and
the environment, and could be used safely in genetic engineering programs.

Keywords: Biosafety, genetic engineering, CrylAc protein, toxicity, allergenicity.
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Figure 1. CrylAc protoxin (I-VII domains) in the classical
model (black arrows), in which the inactive CrylAc
protoxin must be converted to activated toxin by removing
IV-VII domains. The activated protein (domains I-111) will
be binded to insect midgut receptors to exert toxicity. But,
either intact protoxin or part of the protoxin other than the
activated toxin also contributes to toxicity in a secondary
toxic pathway (red arrow) that can be especially important
in resistant insects with disruptions in the primary
pathway, such as reduced binding of activated toxin to
midgut receptors. It is notable that each domain in the
protein may be consisted from several parts including a-
helices.
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Figure 2. Schematic representation of the mechanism of action of CrylAc toxins in Lepidoptera at the molecular level. A) the larvae ingest the 3dCry protoxin,
which is solubilized in the midgut lumen of the larvae due to high pH and reducing conditions and activated by gut proteases generating the toxin fragment. B)
the monomeric CrylAc toxin binds ALP and APN receptors; in a low-affinity interaction, the toxin is then located in close proximity to the membrane. C) the
monomeric CrylAc toxin binds the CAD receptor in a high-affinity interaction and this interaction induces proteolytic cleavage of the N-terminal end of the
toxin, including helix a-1 of domain I. D) the cleaved CrylAc toxin is then able to oligomerize in a toxin prepore oligomer. E) the oligomeric CrylAc structure

binds to ALP and APN receptors with high affinity. F) the prepore inserts into the membrane causing pore formation.
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Figure 3. Schematic diagram of an ion channel in the cell mambrane. A)
channel domains which is typically consisted from four domain per
channel. B) outer vestibule. C) selectivity filter. D) diameter of selectivity
filter. E) phosphorylation site. F) cell membrane. Four activated CrylAc
proteins construct a similar channel without a selectively filter, so that
interrupt cathion transportation through cell membrane.
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