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Evaluating exogenous protein expressed in transgenic crops is one of the most effective methods of assessing the safety of trans-
genic plants. The objective of this study was to assess the food safety of genetically modified (GM) rice containing a lysine-rich
fusion protein gene (transgenic GL gene rice) by in vitro digestion and acute toxicity testing of exogenous protein, according to
the national standard of the People’s Republic of China. The exogenous protein was rapidly degraded in the simulated gastric and
intestinal fluids. In the acute experiment, the exogenous protein was injected into Institute of Cancer Research (ICR) mice via the
tail vein at a dose of 438 mg kg™ body weight. No adverse effects on animal behavior or mortality were observed during the fol-
lowing 15-day period and there were no significant biological changes in body weight, serum biochemistry parameters, relative
organ weights or histopathological examinations, compared with the control group. Therefore, exogenous protein in transgenic

GL gene rice has a low potential allergenicity or toxicity risk.
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Rice (Oryza sativa L.) is a major food crop, providing a
staple food for nearly half of the world’s population [1]. In
Asia, rice provides more than 80% of the nutritional energy
and more than 68% of the protein intake [2]. However, the
content of lysine in rice is very low and is acknowledged as
the most limiting essential amino acid in rice protein [3].
Lysine deficiency significantly reduces the biological utili-
zation of rice protein and affects the nutritional status of
people in regions where rice is the staple food. Therefore,
increasing the lysine content of rice is of utmost importance.
An increase in lysine can balance its nutritional quality,
improve the bioavailability of rice protein and benefit hu-
man health. In recent years, agronomists and plant breeders
have used genetic engineering technology to successfully
increase the lysine content in several agricultural species,
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such as rice, maize, canola (oilseed rape) and soybean
[4-T7].

Although transgenic crops have some desirable traits,
such as increased crop yield, improved nutritional value,
disease and insect resistance, herbicide resistance and salt
tolerance, etc., the food safety of transgenic crops is still an
issue of widespread public concern. The inserted gene or its
expression product, are likely to disturb the metabolism of
the recipient crop species to some extent and these changes
may affect the nutritional value of the crop product. They
may even produce some new allergenic or toxic substances
[8-10]. Therefore, to ensure the safety of transgenic crops
and products, a number of measures aimed at improving the
food safety of transgenic crops have been established by
many countries and international organizations [11-13].

Currently, the food safety assessment of transgenic crops
is based on the concept of substantial equivalence, original-
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ly proposed by the international Organization of Economic
Cooperation and Development (OECD) and further elabo-
rated by the UN Food and Agriculture Organization (FAO)/
World Health Organization (WHO) [14,15]. However, the
evaluation of substantial equivalence is only an analytical
exercise that investigates composition during the safety as-
sessment of a new transgenic crop, relative to its traditional
non-transgenic counterpart, and is considered a starting
point rather than an end point in risk assessment [16]. Po-
tential toxicity and unexpected effects are important parts of
the safety assessment of GM crops, especially regarding the
toxic and allergenic properties of exogenous protein intro-
duced into GM crops [17-23]. For example, Lu et al. [18]
performed an in vitro digestibility test and an animal test of
hygromycin B phosphotransferase (HPT) protein produced
by the prokaryotic expression system. The results showed
that HPT protein was completely digested within 40 s in the
simulated gastric fluid and did not induce any hypersensi-
tivity reactions on brown Norway (BN) rats treated with
HPT protein via gavage for 42 days. The absence of adverse
reactions to phosphinothricin acetyltransferase (PAT) pro-
teins and CrylC protein were also confirmed in a similar
manner [17,22].

The experimental material in this study was a new strain
of high-lysine transgenic rice, which was created using a
fusion-protein approach that can be illustrated by modifying
the rice native Gtl gene encoding glutelin storage protein
by fusing with a heterologous cDNA encoding a lysine-rich
protein (LRP) from winged bean to form a Gt: LRP fusion
protein gene (named as GL fusion protein gene). This fusion
protein gene can be successfully transferred into its parent
rice (Wuxiangjing 9), which is a high-yielding rice variety
grown in China [24]. Winged bean and the parent rice have
a long history of safe cultivation as food crops and LRP and
glutelin are also innocuous. However, the possible aller-
genicity and toxicity of the exogenous protein still needed
to be investigated. Therefore, it was necessary to explore
the safety of the exogenous protein in transgenic GL gene
rice.

The objective of this study was to assess the safety of
exogenous protein in transgenic GL gene rice through in
vitro digestion testing and acute toxicity testing of the ex-
ogenous protein, according to the national standard of the
People’s Republic of China [13,25]. This study will provide
scientific evidence for the evaluation of the food safety of
transgenic GL gene rice.

1 Materials and methods
1.1 Test materials and test animals

Transgenic GL gene rice and the corresponding non-GM
parental rice (Wuxiangjing 9) were provided by the Key
Laboratory of Plant Functional Genomics of the Ministry of
Education, Yangzhou University.
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A total of 20 male and 20 female Institute of Cancer Re-
search (ICR) mice, approximately 6-8 weeks old (with
weight of 20 + 2 g), were obtained and housed in the ex-
perimental animal center laboratory at Jiangsu University
(Zhenjiang, China, license No. SCXK (SU) 2009-0002).
Five animals of the same gender and treatment were housed
together per cage in stainless steel wire cages in the animal
room. The room temperature and relative humidity were
maintained at 22 + 2°C and 50 + 5%, respectively.

1.2 Preparation of exogenous protein

The total protein of rice seed was extracted using the meth-
od reported by Yamagata et al. [26] and was identified by
SDS-PAGE and Western blotting [27]. Exogenous protein
was obtained by cutting protein bands (~75 kD) [24] using a
Micro Protein PAGE Recovery Kit (Sangon Biotech Co.,
Ltd, Shanghai) according to the manufacturer’s instructions.
These proteins were further verified by SDS-PAGE and
Western blotting. The SDS-PAGE procedure used SM0661
(Fermentas) as molecular-weight protein markers. For
Western blotting, the primary antibody was rabbit polyclo-
nal antibodies raised against LRP provided by the Key La-
boratory of Plant Functional Genomics of the Ministry of
Education (Yangzhou University). The secondary antibody
was a horseradish peroxidase (HRP) conjugated goat an-
ti-rabbit IgG (HuaAn Biotech Co., Ltd, Hangzhou).

The concentration of total protein in the transgenic rice
was measured using a BioPhotometer 6131 (Eppendorf,
Hamburg, Germany) and the ratio of exogenous protein to
total protein was analyzed with Quantity One software (Bio-
Rad). After measuring the concentration of exogenous pro-
tein using the same method, the recovery rate was calculat-
ed as follows: recovery rate = (recovered exogenous protein
content)/(exogenous protein content in total protein).

1.3 Invitro digestive stability tests

(1) Simulated gastric fluid (SGF) assay. The SGF assay
was performed according to the Ministry of Agriculture of
PR China No. 869 Bulletin 2-2007 [25]. The concentration
of exogenous protein in SGF was 5 g L. Exogenous pro-
tein was digested in a solution of pepsin (3772 U mg™' pro)
with reaction times of 0 s, 15 s, 2 min, 10 min, 20 min, 30
min and 60 min. The stability of the exogenous protein in
SGF was investigated by SDS-PAGE and Western blotting.
Two reference proteins: soybean trypsin inhibitor (STI) and
a-casein (o-CS), were used as stable and labile controls,
respectively. The digestion reaction was repeated twice,
with three electrophoreses each time. Both a pepsin control
and a sample protein control without pepsin were used in
the experiments.

All of the reagents, except the reagents used for SDS-
PAGE and Western blotting, were purchased from Sig-
ma-Aldrich Corporation (St. Louis, MO, USA).
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(i1) Simulated intestinal fluid (SIF) assay. The SIF as-
say was performed according to the Ministry of Agriculture
of PR China No. 869 Bulletin 2-2007 [25]. Exogenous pro-
tein was tested for stability in SIF with pancreatin using
digestion times of 0 s, 15 s, 2 min, 10 min, 20 min, 30 min
and 60 min. Then the samples were analyzed by SDS-
PAGE and Western blotting. The protocol was based on the
above procedure except that SIF was used instead of SGF.
In addition, the concentration of exogenous protein in SIF
was 2 g L™'. Two reference proteins: soybean trypsin inhib-
itor (STI) and bovine B-lactoglobulin (BLG), were used as
stable and labile controls, respectively. The digestion reac-
tions were repeated twice, with three electrophoreses each
time. A pancreatin control and a sample protein control
without panreatin were used in the experiments.

All reagents, except the reagents used for SDS-PAGE
and Western blotting, were purchased from Sigma-Aldrich
Corporation. (St. Louis, MO, USA).

1.4 Acute toxicity testing of exogenous protein in ICR
mice

(i) Experimental design. In order to evaluate whether ex-
ogenous protein produces an acute toxic effect on mammals,
an acute toxicity study in ICR mice was conducted using the
intravenous injection of exogenous protein method previ-
ously reported in the scientific literature [17,28]. The ICR
mice were divided into four groups according to their sex
and weight as follows: there was a group treated with an
exogenous protein injection, a negative control group treat-
ed with a bovine serum albumin (BSA) injection, a positive
control group treated with a melittin injection and a blank
control group treated with a physiological saline injection.
There were 10 mice in each group. Half were male and half
female.

The rationale behind the injection dose of exogenous
protein selected in this experiment was as follows: the daily
intake of cereal for a normal adult male (approximate
weight 70 kg) recommended by Chinese Nutrition Society
is 500 g [29]. Assuming that this cereal is all rice, the
maximum daily intake of total protein for an adult was cal-
culated using the total protein content of transgenic GL rice
(~9.2%) [24]. Thus, the maximum daily intake of exoge-
nous protein from transgenic GL rice for an adult was cal-
culated according to the exogenous protein content of total
protein. The weight coefficient was then calculated [30] and
converted into the maximum daily intake of the exogenous
protein per kilo equivalent of mice. Finally, the mouse tail
vein injection dose of exogenous protein (438 mg kg™') was
calculated according to the conversion relationship between
the lavage quantity and the intravenous injection quantity
for a mouse [30]. The injection doses in the negative control
group and the blank control group were the same as the ex-
ogenous protein group. The positive control group was in-
jected with a melittin lethal dose of 3.1 mg kg™ [31]. The
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mouse tail vein injection dose in all four experiments was
10 mL kg™ weight.

The mice were fed for 3-5 d before injection in order to
adapt the mice to the environment used in the screening
system. They were fed with normal feed, had free access to
food and drinking water and were observed continuously for
15 d.

(i) Clinical observation and body weights. All the mice
were observed for signs of mortality or morbidity (the overt
signs of toxicity), abnormal behavior and changes in ap-
pearance at least once a day throughout the study. They
were weighed on the day of the first treatment (Day 0) and
every 5 d thereafter. Individual body weight changes were
calculated.

(iii) Serum chemistry assay. Whole blood was collected
from the eyes of euthanized mice 15 d after injection. Fol-
lowing centrifugation, the sera were assayed for alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
alkaline phosphatase (ALP), albumin (ALDb), globulin (GLb),
triglycerides (TG), cholesterol (CHOL), blood urea nitrogen
(BUN) and glucose (GLU) levels using an Olympus
AU2700 Clinical Chemistry Analyzer (Olympus, Tokyo,
Japan).

(iv) Organ weight and histopathology. All the surviving
mice were weighed before they were anesthetized with 10%
chloral hydrate and sacrificed by exsanguination. A thor-
ough necropsy was performed and the following organs
were sequentially excised: the brain, heart, liver, spleen,
lungs, kidneys, stomach, duodenum, thymus, ovaries and
testes of each individual. Each organ was immediately
weighed and the relative organ weight was calculated as a
percentage of the total body weight. Tissue from each organ
was fixed in 10% neutral buffered formalin, embedded in
paraffin and then 5-6 pm thick sections were made and
stained with standard hematoxylin-eosin for examination
under a light microscope.

(v) Statistical analysis. The experimental data were ex-
pressed as means with standard deviations ( X +£SD), and
analyzed using SPSS16.0 software at a significance level of
P < 0.05. Data from the males and females were analyzed
separately.

2  Results
2.1 Identification of exogenous protein

An exogenous protein band of around 75 kD [24] was de-
tected only in the transgenic GL gene rice and was con-
firmed by SDS-PAGE (Figure 1(a)) and Western blotting
analysis (Figure 1(b)).

Exactly 45.4 mg total protein was extracted from 670 mg
GM rice flour. The results of the Quantity One software
analysis showed that the exogenous protein accounted for
approximately 20% of the total protein. The weight of ex-
ogenous protein recovered from the gel was 6.374 mg, with
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Figure 1 Identification of exogenous protein by SDS-PAGE (a) and Western blotting (b). M, Marker protein SM0661; lanes 1-3, total protein in the trans-
genic rice; lanes 4 and 5, total protein in the non-transgenic control rice; and lanes 6-9, exogenous protein recovered from the gel.

a recovery rate of 70.20%. Using this method, sufficient
exogenous protein was obtained for further digestive stabil-
ity testing and acute toxicity testing.

2.2 Invitro digestibility of exogenous protein

(i) Digestibility of exogenous protein in SGF. As shown
in Figure 2, the stable control STI could not be completely
digested after 60 min in SIF, while the labile control o-
casein was completely digested after 15 s in SGF, which
indicated that the pepsin was highly active in the SGF as-
say.

The results for the exogenous protein digested in SGF
showed that, at the initiation of incubation (time zero), di-
gestion of exogenous protein had not begun. After 15 s, the
exogenous protein had been completely digested and frag-
ments of approximately 25 kD and 15 kD appeared. These

(@ kD M 1 2 3 4 5 6 7 8 9

fragments were not fully digested after 2 min and were not
completely digested until the digestion time reached 10 min
(Figure 3).

According to the China national standard (Ministry of
Agriculture Bulletin No. 869-2-2007) [25], exogenous pro-
tein in transgenic GL gene rice is digestible in SGF.

(ii) Digestibility of exogenous protein in SIF. The sta-
ble control, STI, was persistently resistant to hydrolysis at
t > 60 min, while the labile control, BLG, underwent rapid
hydrolysis (# < 15 s) (Figure 4). This result confirmed that
pancreatin was highly active in the SIF assay.

The results for exogenous protein digested in SIF showed
that exogenous protein was very rapidly and completely
degraded within 15 s (Figure 5). According to the China
national standard (Ministry of Agriculture Bulletin No.
869-2-2007) [25], exogenous protein in transgenic GL gene
rice is extremely digestible in SIF.

2 3 4 5 6 7 8 8

() M 1

Figure 2 Simulated gastric digestion results for the stable and labile controls by SDS-PAGE analysis. M, Marker protein SM0661; lane 1, pepsin; lane 2,
the stable control STI (a) and the labile control a-casein (b); and lanes 3-9, control protein digested for O s, 15 s, 2 min, 10 min, 20 min, 30 min and 60 min,

respectively.

Figure 3 SDS-PAGE (a) and Western blotting (b) of exogenous protein digested in SGF. M, Marker protein SM0661; lane 1, pepsin; lane 2, exogenous
protein in SGF without pepsin and incubation; and lanes 3-9, exogenous protein digested for 0 s, 15 s, 2 min, 10 min, 20 min, 30 min and 60 min, respec-

tively.



2464 Zhao X X, et al.

o §
£
-

Chin Sci Bull

July (2013) Vol.58 No.20

b) M 1

2 3 4 5 6 7 8 9

BLG -

Figure 4 Simulated intestinal digestion results for the stable and labile controls by SDS-PAGE analysis. M, Marker protein SM0661; lane 1, pancreatin;
lane 2, the stable control, STI (a) and the labile control, BLG (b); and lanes 3-9, control protein digested for 0 s, 15 s, 2 min, 10 min, 20 min, 30 min and 60

min, respectively.

)M 1 2 3 4 5 6 7 8 9

Figure 5 SDS-PAGE (a) and Western blotting (b) of exogenous protein digested in SIF. M, Marker protein SM0661; lane 1, pancreatin; lane 2, exogenous
protein in SIF without pancreatin and incubation; and lanes 3-9, exogenous protein digested for 0 s, 15 s, 2 min, 10 min, 20 min, 30 min and 60 min, respec-

tively.

2.3 Acute toxicity study in mice

(1) Survival, clinical observations, body weights. After the
tail vein injection, ten mice injected with melittin in the
positive control group died between 10 s and 4 h. In contrast,
the mice in the other groups grew well with thick and glossy
fur during the observation period of 15 d. Besides, abnormal
phenotypes in behavior, diet, breathing, the hardness and
color of their excrements or mental status weren’t detected
during this period either.

The weights of the mice 5, 10 and 15 d following injec-
tion are shown in Figure 6. The weights of the mice in each
group increased. Compared with the BSA negative control
group and the blank control group, the weights of mice in
the exogenous protein group after the different growth pe-
riods showed no significant differences (P>0.05) between
the male and female mice, which suggested that the exoge-
nous proteins of GL transgenic rice had no significant effect
on the weights and other growth indices of mice.

(i1) Serum chemistry. In the male group, The GLB of
the exogenous protein group was significantly higher than
that of the negative control group and the blank control
group (P < 0.05). Although A/G of the exogenous protein
group was higher than that of the blank control group, there
was no difference compared to the BSA negative control
group. In the female group, the BUN produced by the ex-
ogenous protein group was significantly lower than that
produced by the blank control group, but there was no dif-
ference compared to the BSA negative control group (Table
1). All the serum biochemical indices were within the ranges

45 ¢

40t

35+

30 ¢

Body weight (g)

I

251 —e— M-black control group
—=— M-BSA negative control group
—a— M-protein group
20+ —»— F-black control group
—»— F-BSA negative control group
. —o— F-protein group )
0 5 10 15

Days after treatment (d)

Figure 6 Changes in male and female mice weights in the different ex-
perimental groups. The values are presented as mean + standard error (5
rats/sex/group). M, Male; F, Female.

reported previously [32].

The results above indicated that, compared with the neg-
ative control group and the blank control group, the injec-
tion of the exogenous protein from the GL transgenic rice
showed no harmful effects on the serum biochemical indi-
ces of mice.

(iii) Relative organ weight. The changes in relative or-
gan weights following treatment with exogenous protein are
summarized in Table 2. In males, there were no statistically
significant differences among the groups (P > 0.05). In fe-
males, although the lung weight of the exogenous protein
group was significantly higher than that of the blank control,
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Normal reference intervals

Sex Parameter Exogenous protein group Negative control group Blank control group for mice [32]
ALT(UL™) 28.800+7.362 25.400+6.348 26.000+11.554 38.6+21.5
AST(UL™) 130.600+29.610 114.200£17.978 116.200+10.085 120+31.8
ALP(UL™) 83.800+23.188 75.200+9.706 102.400+12.621 85.2+17.6
Alb(g L™ 34.040+2.605 32.280+1.117 32.220£1.270 26.9x1.7

Male GLb(gL™) 26.400+1.253 *° 24.300+1.548 22.520+1.583 26.0+3.1
A/G 1.293+0.142 * 1.331+0.050 1.435+0.091 1.4+0.1
BUN(mmol L™) 8.954+0.950 7.228+1.464 7.600+1.249 7.5+1.4
GLU(mmol L™ 5.678+1.946 3.688+0.736 4.214+2.980 5.64+1.23
TG(mmol L™) 2.198+0.873 2.714+0.063 1.810+0.532 1.91+0.64
CHOL(mmol L™ 3.754+1.125 3.996+0.918 3.006+0.665 2.81+0.49
ALT(UL™) 31.400+12.857 28.000£16.325 30.800+20.921 34.3+25.0
AST(UL™) 153.200+51.036 135.000+44.255 127.200+22.376 118.5+23.6
ALP(UL™) 90.000+19.378 130.600+77.209 127.600+86.777 96+24.0
Alb(g L™ 37.08+1.489 36.880+1.076 37.900+1.538 28.7x1.7

Female GLb(g L™ 25.460+1.665 23.960+1.506 25.88+1.915 27+3.3
A/G 1.461+0.101 1.542+0.0572 1.470+0.101 1.4+0.2
BUN(mmol L™) 8.166+1.434 7.64+1.272°¢ 10.670+2.803 7.7£1.1
GLU(mmol L™) 4.634+0.692 5.948+1.710 5.806+1.127 4.09+0.94
TG(mmol L™) 2.202+1.157 1.596+0.319 1.704+1.120 1.89+0.6
CHOL(mmol L™ 3.076x1.410 2.356+0.621 3.032+0.907 1.96+0.46

a) a, There was a significant difference between the exogenous protein group and the blank control group (P < 0.05); b, there was a significant difference
between the exogenous protein group and the negative control group (P < 0.05); c, there was a significant difference between the negative group and the
blank control group (P < 0.05).

Table 2 Relative organ weights of ICR mice

Sex Organ Exogenous protein group Negative control group Blank control group

Heart 0.517+0.072 0.538+0.088 0.511x0.060

Brain 1.264+0.081 1.319+0.139 1.231+0.084

Thymus 0.164+0.031 0.212+0.052 0.177+0.060

Liver 4.946+0.395 4.503+0.345 4.556+0.365

Male Lung 0.554+0.042 0.635+0.068 0.548+0.057
Spleen 0.397+0.088 0.417+0.034 0.362+0.090

Stomach 0.860+0.112 0.749+0.094 0.809+0.094

Duodenum 0.309+0.079 0.254+0.056 0.277+0.072

Kidney 1.820+0.246 1.851+0.312 1.840+0.324

Testis 0.719+0.047 0.728+0.065 0.763+0.024

Heart 0.581+0.030 0.539+0.068 0.516+0.060

Brain 1.750+0.139 1.625+0.198 1.681+0.135

Thymus 0.283+0.072 0.276x0.060 0.232+0.077

Liver 4.723+0.257 5.050+0.295 4.604+0.812

Female Lung 0.796+0.073 ¥ 0.720+0.105 0.640+0.039
Spleen 0.424+0.073 0.400+0.026 0.349+0.068

Stomach 0.998+0.135 0.900+0.099 0.994+0.207

Duodenum 0.476+0.182 0.624+0.125 0.579+0.088

Kidney 1.579+0.049 1.360+0.280 1.337+0.121

Ovary 0.121+0.032 0.116+0.025 0.098+0.016

a) There was a significant difference between the exogenous protein group and the blank control group (P < 0.05).

it was not significantly different to that of the BSA negative
control group. These results indicated that there were no stomachs, duodenums, thymuses, testes (males) and ovaries
harmful effects on the organs of mice caused by the injec- (female) of the mice in each experimental group in this
tion of exogenous protein. study.

(iv) Pathological examinations. No abnormalities were The results of the pathological examination are shown in

found in the brains, hearts, livers, spleens, lungs, kidneys,
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Figure 7. No morphological changes were found in the
organs of mice in the exogenous protein group, the BSA
negative group and the saline control group (Figure 7(a)—
(1)). There was clear hemolysis in the kidneys and livers of
the mice in the melittin positive control group. The liver
cells were fuzzy (Figure 7(m)—(0)), and the reason might be
that the mice injected with melittin had been affected by
stress.

3 Discussion

The food safety of GM crops has drawn much attention as
the use of GM crops spreads across the world. Considering
the importance and influence of rice in food production in
China, a more cautious attitude towards the food safety of
transgenic rice must be adopted. Transgenic GL gene rice is
a new high-lysine GM rice bred by autonomous production
in China. Recently, a food safety evaluation of transgenic
GL gene rice has been conducted using oral toxicity studies
performed in rats [33-35]. For example, the results of Dong
et al. [33] demonstrated that feeding transgenic GL gene
rice (as 70% of total feed) to rats for 90 d did not cause any
adverse effects or produce any meaningful histopathological
or biological changes. In a similar, but longer-term
three-generation study of the effects of transgenic GL gene
rice on rats, Zhou et al. [34] reported that the transgenic rice
had no adverse effects on the reproductive abilities of rats.
The results from these studies suggest that transgenic GL
gene rice is unlikely to cause adverse effects and is a
non-toxic rice. However, the above studies assessed the
safety of transgenic GL gene rice from the whole food/feed
perspective and did not study the potential toxicity and al-
lergenicity of exogenous protein, which are focal aspects in
the food safety evaluation of GM crops [19,20,36].

Since in vitro digestion models were first used by
Astwood [37] in order to evaluate the digestion stability of
food allergens, they have become an important part of the
safety evaluation of food protein, especially new proteins
transferred into traditional foods by biotechnology. In gen-
eral, if a food protein is allergenic, it has properties that
preserve its structure from degradation in the gastrointesti-
nal tract [38]. Therefore, a protein that can be rapidly hy-
drolyzed by gastric and intestinal fluid is considered less
likely to be allergenic [39,40]. To date, some exogenous
proteins in GM crops (e.g., GFP, Cry, PAT, CP4-EPSPS,
PMI, etc.) have been confirmed as digestible in SGF/SIF
[17,20,41-43]. In this study, lysine-rich fusion proteins and
their degradation fragments were completely digested in
SGF within 10 min and in SIF within 0-15 s, which indi-
cated that exogenous protein was not stable in digestive
juice. In addition, this study compared the amino acid se-
quences of exogenous protein with the sequences of known
allergy proteins in the allergen database and no homologies
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were found [44]. Based on these results, it can be prelimi-
narily concluded that the likelihood of exogenous protein
being allergenic is quite small.

As the first step in toxicology studies, acute toxicity test-
ing is used for hazard assessment in mammals after a rela-
tively short time exposure to the test substances and this can
provide a reference for the design of the dosage and obser-
vational indices needed in further subchronic and chronic
testing. In general, acute toxicity testing of transgenic pro-
teins expressed in GM crops is performed in rodents (usu-
ally rats) to assess potential toxicity with a single oral ex-
posure to a high concentration of protein or after a number
of doses given over 24 h. The animals are then observed
continuously for 7-14 d Numerous studies have demon-
strated that no introduced proteins tested in GM crops have
had a significant acute toxic effect on rodents, even at ex-
tremely high doses, such as 2 m EPSPS > 10 mg kg™ body
weight (intravenous) or 2000 mg kg™ bodyweight (oral) and
PAT > 10 mg kg™ bodyweight (intravenous) or 5000 mg
kg™ body weight (oral) [17,28,45]. In this study, the acute
toxicity study in mice was conducted with exogenous pro-
tein recovered from the SDS-PAGE gel following intrave-
nous injection. The dose was 438 mg kg™ body weight,
which was equivalent to eating 500 g rice d”' for an adult
weighing 70 kg. The mice were observed continuously for
15 d after injection. The results showed that all of the mice
in the protein group survived and did not show any adverse
effects or clinical signs during the test and the body weights
were not significantly different with those of the control
groups.

In the serum chemistry tests, ALT, AST, ALP and BUN
mainly reflected alterations in liver and kidney function;
ALB and GLb mainly reflected the capacity for protein bi-
osynthesis by the liver and TG, CHOL and GLU mainly
reflected the blood glucose and lipid metabolism conditions.
In this study, no significant differences were found in most
of the values of these indicators among the test groups. A
few parameters showed differences, but were not biologi-
cally significant and all parameter values were within the
normal reference intervals for mice of this breed and age
[32]. Thus these differences were considered to be unrelated
to the exogenous protein treatment. Measurement of the
relative organ weights is a simple, direct method used in
toxicological experiments in order to assess the effects of
xenobiotics on specific organs. These results showed that
there were no biologically significant differences between
treated and untreated (control) mice. Additionally, no
pathological changes in the organs were found following
histopathological observation, which indicated that exoge-
nous protein did not produce acute toxic effects in mice.

In conclusion, the results of the in vitro digestion in SGF/
SIF and acute toxicity tests in mice indicated that exoge-
nous protein in transgenic GL gene rice was not associated
with any signs of allergenicity or toxicity.
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Figure 7 Histopathological examination of the major organs of mice (a—h). No abnormalities were found in the tissue slices from the livers, kidneys, hearts,
lungs, pancreases, duodenums, stomachs and spleens of the mice in the exogenous protein group (i-1). No abnormalites were found in the tissue slices from
the spleens, stomachs, kidneys and livers in the BSA control group and the blank control group; (m, n) the tissue slices of the kidney and liver of mice in the

melittin positive control group. Hemolysis is indicated by the arrow; (o) the tissue slices of the liver of mice in the melittin positive control group. The fuzzy
of the liver cell is indicated by the arrow.
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