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ABSTRACT
Chagasin may be considered a potential plant-incorporated protectant (PIP) protein due to its deleterious
effects on insect pests. However, extensive safety studies with PIP’s are necessary before introducing them
into the target plant. Thus, a short-term feeding trial in rats with high doses of r-chagasin was conducted to
provide evidences about its safety. Three test diets containing casein + r-chagasin (0.25, 0.5 and 1% of total
protein) were offered to rats (10 days). The test diets did not show adverse effects upon the development,
organ weight, hematological parameters and serum protein profiles of rats, providing preliminary

information on the safety of r-chagasin.

Key words: chagasin, recombinant protein, hazard potential, short-term rat feeding trial.

INTRODUCTION

Chagasin is a recently described cysteine proteinase
(CP) inhibitor of 12 kDa molecular mass isolated
from the pathogenic protozoan Trypanosoma cruzi
(Monteiro et al. 2001). Recently, Monteiro et al.
(2008) have reported that a recombinant form of
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chagasin (r-chagasin) can inhibit in vitro the
major cysteine proteinase (EC 3.4.22) activity
of the digestive tract of the common bean weevil
Acanthoscelides obtectus (Say), resulting in
deleterious effects upon this bruchid. In general,
the control of these pest insects requires a
heavy use of chemical pesticides, which cause
considerable risks to human health, environment

and non-target organisms, as well as the onset of
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insecticide resistance and high costs (Schmale
et al. 2006). An alternative to chemical control
methods is the development of genetically
resistant plants, which have been shown to
be more cost-effective and sustainable to pest
management (Grossi-de-Sa et al. 2007).

An important approach for the safety assessment
of agricultural products generated by biotechnology
with the expression of transgenic proteins is the
risk assessment of the candidate novel proteins
(CNP’s). Since some proteins introduced into crops
using recombinant DNA technology are not natural
constituents of foods or feeds previously consumed,
the effects of these proteins for humans or animals
is unknown. Therefore, it is very important to
assess the potential hazard of CNP’s before their
introduction into the target plant (Delaney et al.
2008). Thus, the present study aimed to assess the
short-term effects of diets containing increasing
levels of r-chagasin (0.25, 0.5 and 1.0% of total
protein) on some health aspects of growing rats. The
analyzed parameters included growth rate, organ
weight alterations, hematological data and serum
protein profiles of rats.

MATERIALS AND METHODS

EXPRESSION AND PURIFICATION OF R-CHAGASIN

R-Chagasin was expressed in the periplasmic
space of Eschericia coli MC1061 with the plasmid
pHD313/Tc18 as an expression vector. The
purification process followed the methodology
described by Monteiro et al. (2008).

ANIMAL FEEDING TRIAL

Twenty outbred male Wistar rats (21 days old) were
obtained from the animal facilities at BIOAGRI
(Planaltina, Brazil). Four diets were prepared to
contain 100g protein/Kg diet: the control diet
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containing casein (CAS) as reference protein and
three test diets containing casein and r-Chagasin at
0.25g(CHS0.25),0.50g(CHSO0.5)and 1.0 g(CHS1.0)
protein/ Kg diet, corresponding to 0.25%, 0.5%
and 1.0%, respectively, of total dietary protein. The
diets were isoproteic and isocaloric and contained
40% maize starch, 10% potato starch, 15% glucose,
15% corn oil, 5% vitamin mix, 5% mineral mix
and 10% protein. The rats (50.4 + 4.2 g) were
individually housed in metabolic cages (Nalgene®,
Nalge Co., USA), kept at 22 °C in 12:12 h light-dark
cycle and adapted to experimental conditions by
receiving a fully balanced semi-synthetic casein
diet for 10 days. After the adaptation period, rats’
mean body weight was 81.5 &+ 0.83 g. The animals
were then divided into 4 groups (n = 6) and pair-fed
for 10 days with control and test diets (15.0 g/rat/
day) and water supplied ad libitum. Rats’ weight,
diet spillage, refused diet and clinical observations
were recorded daily. At the end of the trial the rats
were euthanized by halothane inhalation followed
by cervical dislocation, the internal organs were
dissected, weighted and subjected to a complete
gross pathology examination. All procedures were
approved by the Laboratory Animal Research
Ethics Committee at BIOAGRI.

HEMATOLOGICAL AND SERUM BIOCHEMICAL DATA

At the end of the feeding trial (day 10), blood was
collected by cardiac puncture and serum samples
were separated by low-speed centrifugation
(1,500 x g, for 15 min). The hematological
parameters, measured with an automated analyzer
(Sysmex M-2000, TOA Medical Electronics Co.,
Ltd., Hyogo, Japan) were: red blood cell count
(RBC), hemoglobin (Hb), hematocrit (Ht), mean
corpuscular volume (MCV), mean corpuscular
hemoglobin and mean corpuscular hemoglobin
concentration (MCHC). The serum biochemical

parameters, determined according to instructions
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of BIOCLIN, Quibasa Ltda (Minas Gerais, Brazil),
were: total protein (TP), albumin/globulin ratio
(A/G) and albumin (Alb).

STATISTICAL ANALYSIS

The data were subjected to one-way analysis of
variance (ANOVA) and the significant difference
among means determined by Tuckey’s test (p < 0.05).

RESULTS AND DISCUSSION

Recently, proteins introduced into crops via genetic
modification by recombinant DNA techniques
have been studied for their unintended effects upon
non-target organisms (Delaney et al. 2008). In the
present study, the recombinant chagasin protein
was included in the diets of growing rats at 0.25,
0.5 or 1.0% of total protein, which is equivalent
to 250, 500 or 1000 mg/ Kg diet, respectively.
The chagasin concentrations in all test diets were
much greater than that expressed in a genetically
modified plant, which varies from 0.01 to 0.1% of
total protein (Kilic and Akay 2007). Furthermore,
the proportion of recombinant proteins in the diet
used in the present work was close to that of PHA-E
(1.5%) and GNA (1.25%) lectins (Poulsen et al.
2007a, b) used in animal feeding trial with GM
rice (Oryza sativa L.), greater than that used for the
toxin CrylAb in transgenic rice (10 mg/ Kg diet)
(Schroder et al. 2007) and well above that of diets
containing cotton seed (Gossypum hirsutum L.)
bran (0.28 mg of CrylF/ Kg diet and 0.096 mg of
CrylAc/ Kg diet) (Dryzga et al. 2007).

The results of the feeding trials with rats showed
that the dietary intake and the growth of rats fed on
test diets were similar to those fed on control diet as
observed in Table I. The average dietary consumption
per rat (g/day) of r-chagasin diets (4.0 £ 0.2 to
CHSO0.25, 3.95 + 0.25 to CHS0.5 and 4.11 £+ 0.16
to CHS1.0) was similar (p > 0.05) to that of casein
group (4.14 + 0.15 g), showing that the inclusion

of r-chagasin in the diet did not reduce daily food
intake. This finding suggests the lack of toxic and/
or antinutritional effects in the recombinant protein
since it is well known that rats reject diets when
they are nutritionally deficient, when they show
undesirable organoleptic properties and/or high
levels of antinutrients (Liener 1980). At the end
of the experimental period, the body weights of
rats fed on the test diets (CHS0.25, 131.1 + 5.4 g;
CHSO0.5, 136.1 £ 5.1 g and CHS1.0, 131.4 £6.2 g)
were similar (p > 0.05) to those of rats fed on the
CAS diet (134.5 = 6.2 g). Thus, the body weight
gain of rats fed on r-chagasin diets was similar to
those of rats fed on casein as the sole source of
protein. It is likely that the lack of deleterious effects
of chagasin on rats’ growth can be explained by
its specificity towards cysteine proteinases (CP)
(Monteiro et al. 2001, 2008). These enzymes are
not part of the enzymatic machinery involved in
the digestive process of mammals (Isenman et
al. 1999). Therefore, CP inhibitors should be of
little importance for these organisms. On the other
hand, CP constitutes one class of digestive enzymes
widely distributed among coleopteran species
(Murdock et al. 1987) although few studies have
reported the successful control of coleoptera species
using CP inhibitors. One such example involves the
constitutive expression of the rice cysteine proteinase
inhibitor, oryzacystatin, in transgenic poplar trees,
thereby conferring resistance to the coleopteran pest
Chrysomela tremulae (Fabricius) (Leplé et al. 1995).

The presence of purified r-chagasin in casein-
based diets did not promote significant organ
weight alterations (data not show) or visual
structural damage (stomach, small intestine,
cecum and colon, kidneys, liver and pancreas)
when compared to those of rats fed on CAS diet,
suggesting that dietary r-chagasin did not cause any
toxic effect upon these organs. The same has been
described to occur with mice fed for 28 days on
the entomotoxic proteins Cry34Abl and Cry35Abl
(Juberg et al. 2009). Likewise, no significant
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Table 1. Daily food intake and body weight gain of rats fed on r-chagasin diets (CHS0.25, CHS0.5 and CHS1.0, corresponding to 0.25%, 0.5% and
1.0% of total protein, respectively) and control diet (CAS), containing casein as the sole source of protein, for 10 days

Diets
CAS CHSO0.25 CHSO0.5 CHS1.0
Daily food
ety 1oo 4.14+0.15% 40+02 3.95+0.25 411+0.16
intake** (g)
Initial bod
frHazbody 81.245.3 80.5+ 4.7 82.4+3.0 81.9+3.8
weight** (g)
Final bod:
et oty 134.5+6.2 131.1£54 136.1£5.1 1314462
weight** (g)
*Values are means + S.D. of each group (n = 6).
The data were not significantly different from the control group at p < 0.05.
**Per rat.
difference was observed for any hematological and CONCLUSIONS

serum biochemical parameters in either treatment
when compared to control group (Table II). Serum
biochemical data of rats on diet containing 0.25%,
0.5% or 1.0% of r-chagasin revealed that total serum
protein was similar to that of rats fed on the CAS
diet. Similarly, the concentrations of serum albumin
and globulin were not affected by chagasin diets
at any of the different levels of inclusion tested
(average values of 4.0 + 0.2 g/dL and 2.0 = 0.2 g/dL,
respectively) when compared to control (4.2 +
0.3 g/dL and 2.1 + 0.3 g/dL, respectively). Thus,
regarding hematological and serum biochemistry
parameters, no treatment-related changes were
detected. Serum albumin level has been shown to
be a good predictor for the clinical state of animals
(Harkness and Wagner 1989). Thus, the results of
this study indicate that dietary r-chagasin does not
show significant toxicity even when administered at
the level of 1.0 g r-chagasin/kg diet.
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The present study provided preliminary evidence
on the safety of the recombinant protein r-chagasin
and enhances its biotechnological potential as a safe
tool for the control of important crop pests. Further
studies on the structural homology of chagasin with
other toxic, allergenic or antinutritional proteins, as
well as long-term toxicity studies, must be performed
to guarantee total safety.
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Table II. Hematological and serum biochemical data of rats fed on r-chagasin diets (CHS0.25, CHS0.5 and CHS1.0, corresponding to 0.25%,

0.5% and 1.0% of total protein, respectively) and control diet (CAS), containing casein as the sole source of protein, for 10 days

Diets
Data*

CAS CHSO0.25 CHSO0.5 CHSI1.0
Hematological
RBC (x104/uL) 763 £ 37** 763 £33 761 £ 37 787 £33
Hb (g/dL) 152+04 159+0.3 154+04 154+0.3
Ht (%) 463+ 2.1 46.0+ 1.8 446 +£2.1 457+1.8
MCYV (fL) 60.7+0.9 60.2 £0.8 58.7+09 582 +0.8
MCH (pg) 19.8 £0.7 20.8+0.6 20.4+0.7 19.7+£0.6
MCHC (g/dL) 327+1.3 346 +1.1 348+1.3 33.8+1.1
Serum
Biochemical
TP (g/dL) 62+04 63+0.2 6.1+0.3 6.1+£03
A/G 20+0.3 2.0+0.2 2.0+0.2 2.1+0.2
ALB (g/dL) 42403 41+0.2 40+0.2 39+£0.2

The data were not significantly different from the control group at p < 0.05.

*Red blood cell count (RBC), hemoglobin (Hb), hematocrit (Ht), mean corpuscular volume (MCV), mean corpuscular hemoglobin and mean
corpuscular hemoglobin concentration (MCHC). The serum biochemical parameters, determined according to instructions of BIOCLIN,

Quibasa Ltda (Minas Gerais, Brazil), were: total protein (TP), albumin/globulin ratio (A/G) and albumin (Alb).

**Values are means + S.D. of each group (n = 6).

RESUMO caseina + r-chagasina (0,25; 0,5 e 1% de proteina total)
Chagasina pode ser considerada como uma proteina com foram oferecidas aos ratos (10 dias). As dietas teste ndo

potencial para protetor incorporado a planta (PPI), devido apresentaram efeitos adversos sobre o desenvolvimento,

aos seus efeitos deletérios sobre insetos praga. No entanto, 0 peso de orgdos, parametros hematologicos e perfis

estudos extensivos de seguranca com PPI sdo necessarios ~ d¢ proteinas séricas dos ratos, fornecendo informagdes

antes de introduzi-las na planta alvo. Assim, um  Preliminares sobre a seguranca da r-chagasina.

experimento de alimentagdo de curto prazo em ratos com Palavras-chave: chagasina, proteina recombinante,
doses elevadas de r-chagasina foi conduzido para fornecer potencial de perigo, experimento de alimentagdo de
evidéncias sobre a sua seguranca. Trés dietas teste contendo curto prazo em rato.
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