Journal of Life Science 2017 Vol. 27. No. 2. 194~201

ISSN (Print) 1225-9918
ISSN (Online) 22873406
DOl : https://doi.org/10.5352/JLS.2017.27.2.194

Single-dose Oral Toxicity Study of B-glucosidase 1 (AtBG1) Protein Introduced
into Genetically Modified Rapeseed (Brassica napus L.)

Soonbong Lee', Kwangju Jeong', Kyung-Min Jang?, Sung-Gun Kim®, Jung-Ho Park®* and Shinje Kim'*

lFungi and Plants Co., Ltd., 60, Noam-ro, Doan-myeon, Jeungpyeong-gun, Chungbuk 27902, Korea
*Bio-Evaluation Center, Korea Research Institute of Bioscience and Biotechnology, Cheongju, Chungbuk 28116, Korea
*Department of Biomedical Sicience, U1 University, Youngdong, Chungbuk 29131, Korea

Received September 28, 2016 /Revised November 22, 2016 /Accepted December 5, 2016

Rapeseed (Brassica napus L.) is an oil crop classified as Brassicaceae, and it is widely grown worldwide.
To develop a drought-resistant rapeseed, the -glucosidase 1 (AtBG1) gene was introduced into rape-
seed because drought- and salt-resistance phenotypes were observed when the AtBG1 gene was over-
expressed in arabidopsis. Newly developed genetically modified crop must be proved to be safe.
Safety assessments are based on the historical usage and scientific reports of a crop. In this study,
we examined the potential acute oral toxicity of AtBGl protein expressed in genetically modified
(GM) rapeseed and calculated the minimum lethal dose at 6 weeks in both male and female ICR mice.
AtBG1 protein was fed at a dose of 2,000 mg/kg body weight in five male and five female mice ac-
cording to the marginal capacity concentration of OECD, 2,000 mg/15 ml/kg. Mortalities, clinical find-
ings, and body weight changes were monitored for 14 days after dosing, and postmortem necropsy
was performed on day 14. This study showed that no deaths occurred in the test group, and AtBG1
protein did not result in variations in common symptoms, body weight, and postmortem findings be-
tween the two groups. This showed that the minimum lethal dose of AtBG1 protein expressed in
transgenic rapeseed exceed 2,000 mg/kg body weight in both sexes.
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Table 1. Primers used in this study
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Target gene Primer name

Primer sequence

AtBG1H6 AtBG1-IF-F
AtBGIH6 AtBG1H6-R
AtBG1H6 H6-IF-Xhol-R
H6AtBG1 H6AtBG1-F
H6AtBG1 AtBG1-IF-Xhol-R
H6AtBG1 H6TEV-IF-Ndel-F

5-AAGGAGATATACATATGGTGAGGTTCGAGAAGGTTC-3
5-GTGATGATGATGATGGTGGAGTTCTTCCCTAGCGTA-3
5-AGCCGGATCCCTCGAGTTAGTGATGATGATGATGGTG-3
5-CATCATCATCACCACCACATGGTGAGGTTCGAGAAG-3
5-AGCCGGATCCCTCGAGTTAGAGTTCTTCCCTAGC-3
5-AAGGAGATATACATATGCATCATCATCACCACCAC-¥
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Table 2. Experimental design

Xt2o| EAAZ

A3 948 ¥ G1H G2E A 7158 A F L SAS (version
9.3, SAS Institute Inc., US.A)E AH-83t¢] Folded-F AAH &
Ag3e SRANE AH(R5E: 005) $HAL, SR
7% Student t-testE, T &4+o] 7] Z4FH Aspin-Welch t-test
€ A oS SRl AT (R AT FZ 005 2 0.01).
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A AY s T8 A ABGL 9 E S A4S Tt
of & @d 9 AASAT. Organization for Economic
Cooperation and Development (OECD)oll A& 54854 A 8
54 37 8% (OECD, 2001)< 2,000 mg/15 ml/kgo 2 74
st glo dnldee =Feto] oF 2 gof ¢ ABGl @Y
Aol tjF BAZF DA olth o] & 91ate] AtBGL T A 9
N-ZEHH6ABG]) 3-& C-ZEHABGIHE) 5] 6-histidine
tag?] NGA L ABGL G Ho) 47 A7t AA 11 ARE

WA HoAtBG1 % AtBGIH67} H&E th A< SDS-
PAGEE 53 2432 23 HABGL 3 AtBG1H6°] 60
kDa A4 #EdE A& &< &% N-ZHol 6-histi-
dine tag®] &% ¥ H6AtBG1o] C-E | 6-histidine tage] &
g AtBGIH6 Bt 2@ o] 2uf o4 ESth(Fig. 1A
and B). 8}A T AtBG1 B Ho] £84 EZ A LA
ge Ae FUstn AEE sty ALY st HEA
(inclusion body) H el 9] AtBGl Tl do] x3te B&A £
< 2838 6 M ureas A28t Ni-affinity chromatog-
raphyE Tttt 2 R §28e @i S
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE)E &3t &g A3 £ H6ABGLE flow-
through®l A1 € <15 At} Ni-sepharose resin®l| binding¥| o]
4238 E 3 (elution fraction)d] A3t HeABGLY 5=
U9kl HOABGLE loading® A& ool dirlaiA 2-& A
o2 FAH A% (Fg. 10).

H6AtBG1S % A AH(fermentor scale)d}7] 913te] 5-L jar
of&ste] f7HA Wl WH R WYt 1

sodium

fermentor=

No. of animals (number)

Group Dose (mg/kg) Inj. volume (ml/kg)
Male Female
Gl Control 0 15 5 (1,101~1,105) 5 (2,101~2,105)
G2 AtBGI treatment 2,000 15 5 (1,201~1,205) 5 (2,201~2,205)
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Fig. 1. Purification of AtBG1 protein with N-terminal or C-terminal six histidine tag. (A) Over-expression of AtBG1 protein with

C-terminal on SDS-PAGE. M, Marker proteins; Lane 1, total cellular proteins after induction; Lane 2, soluble cellular proteins;
Lane 3, insoluble proteins. (B) Over-expression of AtBG1 protein with C-terminal. Lane 1, total cellular proteins before in-
duction; Lane 2, total cellular proteins before induction; Lane 3, soluble cellular proteins; Lane 4, insoluble proteins. (C)
Purification of AtBGI protein using Ni-affinity chromatography. Lane 1, sample; Lane 2, flow-through; Lane 3-7, elution
fractions. Black arrow indicates AtBGI.
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Fig. 2. Production of AtBGI protein in a large amount. (A) Fed-batch culture of recombinant E. coli STAR(DE3)AslyD /pET26-H6AtBG1.

(B) SDS - PAGE analysis after 16 hr of culture time. Lane 1 to 5, 16, 18, 20, 22, 24 hr after induction at 16 hr, respectively.
(C) Isolation of AtBGI protein in inclusion body according to urea concentration. Lane 1-5, insoluble fractions in 4, 3, 2,
1, 0 M Urea, respectively; Lane 6-10, soluble fractions in 4, 3, 2, 1, 0 M Urea (D). Isolation of AtBG1 protein. Lane 1, total
cellular proteins after induction; Lane 2, soluble cellular proteins; Lane 3, insoluble proteins.
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2,000 mg/kge &3 FoAY G2 2T
a8 ICR ahe2o fig Fo A 0Y 3} Fo §,
A, 79, 2 149 AFE 243 A3 =T G1F
gl By 24 043 A A AFL 7 280+09 gt
272415 g, FAANA AFE& 2 231412 gF 235407 gol H 7,
4 Ag 3193 A5 FANA 2295408 gt 29.2+
14 g AANA 2 244417 g3} 243409 g, 393k AF2 FA

Table 3. Clinical signs of ICR mice treated with AtBGl on single-dose toxicity test

Sex Group / Dose No. of Clinical Hours (Day 0) after dosing
(mg/kg) animals sign 0.5 1 2 4 6
%1 5 NOA 5 5 5 5 5
Male e
9000 5 NOA 5 5 5 5 5
((;]1 5 NOA 5 5 5 5 5
Female o
2000 5 NOA 5 5 5 5 5
Sex Group / Dose No. of Clinical Days after dosing
(mg/kg) animals sign 1 4 6 7 8 9 10 11 12 13 14
%1 5 NOA 5 5 5 5 5 5 5 5 5 5 5
Male o
2,000 5 NOA 5 5 5 5 5 5 5 5 5 5 5
%1 5 NOA 5 5 5 5 5 5 5 5 5 5 5
Female @
9000 5 NOA 5 5 5 5 5 5 5 5 5 5 5

Table 4. Mortality of ICR mice treated with AtBG1 on single-dose toxicity test

Days after dosi
Sex Group / Dose N?' of ays after dosing Mortality
(mg/kg) animals 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
%1 5 o 0 0 0 0 0 0O OO0 O O 0O 0 0 O 0/5
Male @
2,000 5 o 0 0 0 0 0 0 00 0O O O 0 0 O 0/5
Gl
0 5 o 0 0 0 0 0 0 00 0 O O 0 0 O 0/5
Female @
5 o o o o0 o0 o o o o0 o o0 0 0 0 O 0/5

2,000




Journal of Life Science 2017, Vol. 27. No. 2 199

A B

40 40 1

L

I -~ KT - 3 3 | T
) 30 -‘-/‘r’ﬂl - 30 ————J
£ £ . 3 A
s ® g
2 20 2 20
=3 =3
@ @

10 | | @~ G1-0mglkg 10 - —@— G1-0mglkg

[ G2 -2,000 mg/kg G2 - 2,000 mglkg
0 - - - : - . - - 0 ‘ - ‘ ‘ - ‘ -
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Days after dosing (day) Days after dosing (day)

Fig. 3. Body weight increases of male (A) and female (B) ICR mice, treated orally on a single dose.

Table 5. Body weight of ICR mice treated with AtBG1 on single-dose toxicity test

Sex : Male (g)

) Days after dosing Gain
Group / Dose (mg/kg) Animal ID 0 1 3 7 1 0~14
Gl 1101 269 29.2 303 33.0 359 9.0
0 1102 29.0 303 318 35.0 38.6 9.6
1103 27.5 28.2 29.4 319 37.8 7.3
1104 289 29.8 30.6 333 354 6.5
1105 27.9 29.8 303 325 355 7.6
Mean 28.0 295 30.5 331 36.0 8.0
S D. 0.9 0.8 0.9 12 1.5 13
N 5 5 5 5 5 5
G2 1201 288 29.7 31.0 34.1 37.0 82
2,000 1202 28.0 28.8 305 329 36.0 8.0
1203 249 27.6 295 33.1 36.2 11.3
1204 269 288 29.3 321 34.7 78
1205 27.3 313 318 35.7 40.2 129
Mean 27.2 29.2 304 33.6 36.8 9.6
S D. 1.5 14 1.0 14 21 2.3
N 5 5 5 5 5 5
Sex : Female (g)
) Days after dosing Gain
Group / Dose (mg/kg) Animal 1D 0 1 3 7 1 0~14
Gl 2101 237 243 243 261 282 45
0 2102 215 225 22,6 243 243 2.8
2103 243 258 275 293 299 5.6
2104 224 231 242 261 283 5.9
2105 238 264 271 29.3 312 7.4
Mean 231 244 251 27.0 284 5.2
S D. 12 1.7 21 22 26 1.7
N 5 5 5 5 5 5
G2 2201 231 241 242 26.0 27.7 4.6
2,000 2202 238 248 251 26.6 30.0 6.2
2203 243 253 26,5 27.5 29.6 53
2204 225 23.0 234 26.0 27.5 5.0
2205 238 241 24.8 256 289 5.1
Mean 235 243 24.8 263 287 5.2
S D. 0.7 0.9 12 0.7 1.1 0.6

N 5 5 5 5 5 5
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