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Abstract This study aimed to evaluate the potential
allergenicity and oral toxicity of the phosphinothricin
acetyltransferase (PAT) protein expressed in Zoysia japonica,
a herbicide-tolerant genetically modified (GM) zoysiagrass.
In silico analysis of PAT showed no similarities with any
known allergenic or toxic proteins, with <35% amino acid
sequence homology with known allergens across a length of
80 amino acids and no continuous eight amino acid identity
with known allergens. The PAT protein expressed in Z.

Japonica degraded very rapidly in the simulated gastric fluid
in the presence of pepsin, and, no glycosylation of PAT was
observed. The oral toxicity test revealed no mortality or toxic
effect in mice following PAT administration at 4,000 mg/kg
body weight. Our findings indicate that the PAT protein
expressed in Zoysia japonica does not exhibit allergenic or
toxic properties.
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Table 1 Proximate composition of herbicide-tolerant GM Z
japonica and in the parental non-GM species.

Component Parental GM
Calories (kcal/100 g) 376.50£3.79* 378.41£5.10°
Crude ash (g/100 g) 8.10+0.60° 7.8240.86"
Carbohydrate (g/100 g) 79.834+0.82% 79.07+1.65°
Crude protein (g/100 g) 10.28+0.90* 11.16+1.25%
Crude lipid (g/100 g) 1.78+0.33" 1.94+0.44
Crude fiber (g/100 g) 31.47+0.50° 29.88+6.47°

Values are means + SD (n = 3) of the dry weight.
Values with the same letters in each row are not significantly
different (p<0.05) according to a t-test.

Qo WA M ST o Y 24 L REF ERT A=
2] 3} & A}3) oA HLS- o E?&E}(Lee et al. 2015a). 3} PAT
el 0] o)Ak A] &3 7] 52 ofn] 1Ak 4] 2 0] AFE
A8 747 713} 0|33 PAT € 27} 325 phosphino-
thricin acetyltransferase, acetyltransferase 52| & A9} ofu| i
A A AHEO] A e, e 20te] §ojulg

Table 2 Amino acid content of herbicide-tolerant GM Z. japonica
and the parental non-GM species

Ag/i{r;(l) ;:)id Parental GM

Cysteine 1.91+0.23% 2.03+0.22%
Asparagine 13.48+4.75% 11.86+1.94*
Glutamine 11.70+0.63* 11.37+1.09*
Serine 6.15+0.63" 5.96+0.55°
Glycine 9.11£0.94* 9.13+0.72%
Histidine 1.66+0.19* 1.59+£0.17%
Arginine 4.18+0.24" 4.00+0.19*
Threonine 5.09+0.50° 5.20+0.47°
Alanine 10.41+1.26* 10.77+£0.33*
Proline 6.04+0.34" 5.87+0.53"
Tyrosine 1.96+0.30* 2.01+0.08*
Valine 6.49+0.75% 6.52+0.13"
Methionine 1.73£0.10* 1.81+0.14°
Isoleucine 4.31+0.32° 4.71+0.62"
Leucine 8.25+0.70° 8.84+1.36°
Phenylalanine 3.81+0.52° 4.25+0.99"
Tryptophan 0.00+0.00* 0.00+0.00*
Lysine 3.73+0.86" 4.11+1.38*

Cysteine, cysteine+cystine; Asparagine, asparagine+aspartic acid;
Glutamine, glutamine+glutamic acid.

Values are means + SD (n = 3).

Values with the same letters in each row are not significantly
different (p<0.05), according to a t-test.
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TEI
Length 183
Number of 80 mers 104

Number of Sequences with hits 0

A 80mer Sliding Window Search Results
Database AllergenOnline Database v20 (February 10, 2020)
Input Query > PAT protein from Streptomyces hvgroscopicus

MSPERRPADI RRATEADMPAYCT | YNHY | ETSTYNFRTEPQEPQEWTDDLYRLRERYPHL
VAEVDGEYAGI AYAGPWKARNAYDYTAESTYYYSPRHORTGLGSTLY THLLKSLEAQGFK
SYYAY | GLPNDPSYRMHEAL GY APRGMLRAAGFKHGNWHDY GFWOLDFSLPY PPRPYLPY

No Matches of Greater than 35% Identity Found
AllergenOnline Database v20 (February 10, 2020)

B> PAT protein from Streptomyces hygroscopicus

number of 8mer = 176

Number of Sequences with at least one 8mer match = o

Fig. 1 Amino acid sequence identity of the PAT protein from the Allergen Online Database. (A) 35% identity with known allergens
across a length of 80 amino acids. (B) Continuous 8 amino acids identity.

M PC NC JGg21 JG21-MS1 M

1 2 3 4 5 6 7 8 9 10

M PC NC JG21 JG21-MSs1 M

Wwa 1 2 3 4 5 & 7 8 9 10

100>
75>

50>
37> -

25>

e Ed B

Glycoprotein Staining

Coomassie Blue Staining

Fig. 2 Glycoprotein staining of the PAT protein purified from GM zoysiagrass events. M, protein size marker. Size of protein standard
(kDa) is shown on the left (lane 1, lane 10); lane 2 ~ 3, horseradish peroxidase as a positive control (lane 2, 5 ng; lane 3, 1 ng);
lane 4 ~ 5, soybean trypsin inhibitor as a negative control (lane 4, 5 pg; lane 5, 1 pg); lane 6 ~7, purified PAT protein from JG21
(lane 6, 10ug; lane 7, 1 pg); lane 8 ~9, purified PAT protein from JG21-MS1 (lane 8, 10 ng; lane 9, 1 ng). After the glycoprotein

stain, the gel was stained using Comassie brilliant blue.
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83} Soybean trypsin inhibitor(=}, 4 ~ 51 lane) = G A4 0] & %]
ol gt d ol obd & 2HQle 4= 9l Slth. JG21-MS1 %]

of| A A A gt PAT Thull 2 (&}, 8 ~ 91 lane)-2 Negative control =
A}£-3} Soybean trypsin inhibitoro] A] 2] 2 1}9} Zro] o M =] %)
oFolrh(Fig. 2). = 2 78 5 E] JG21-MS19] 4] 9-85F PAT T
Hl 2] olycosylation & A] &2 3ol 3 4= 913
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PAT Ei4Eo| Q1Z2I0IAS| QFYT}

2 A% o A = JG21-MS1 S2h] of A el § PAT ghaf A2
Folut AL Ao A mhE L2 FEeErte AL S
Aoz foidnt. A A3 fiile W7hekA| o2
AF Ao A= A7) Z 60%5-0] H3}5}od &= PAT thef Ho]
Bl E A b Wb, AL ke ATl oA A
302 of v ol PAT £ o] 238 & Sl ¢l thFig. 3).
o] A2 2 JG21-MS1ol| =Y H bar §-H L] WHAHE
Q1 PAT Thel 22 Q13 A of| ] Qb4 8} 2] QhaL vff - w2 A
23 ES 2Holg 4 9lolch 28}o] tiet PAT gl R o] o
: £ 9o A= PAT Thel 4 & o] 3 9]0 1l
ool A 5 ot of] -3l o] 2215 31 3L(Herouet et al. 2005),
A Z2A A8 GM S (JG21) o Ml Eof 4] ¥l PAT &

W of Ql5-9fel ol A & &al g 7ol M &= o] oF fr AR A
T7F 2315 eh(Sunetal. 2010). 0] 4 o] A= 5o Al =
M 1 2 3 4 5 6 7 8 M

kDa

75

30 <— Pepsin

37

25 < PAT

20

Fig. 3 SDS-PAGE analysis of the PAT protein after digestion
in simulated gastric fluid (SGF). Purified PAT protein was
incubated in SGF without [lane 1 (0 min) and 2 (60 min)] or
with [lanes 3 ~8 (0, 0.5, 1, 5, 10 or 60 min)] pepsin. M, protein
size marker. Size of protein standard (kDa) is shown on the left

AIAEA GMERE|G21-MS 1) 4] M PAT £ 2 2
Q1g9loof A w23 s Hafulo] e 20 %
2 7F5 A 0] Ee AYS AN

=M U}

1O O

= Al , 1,000, 2,000,
4,000 mg/kg 2] -8-7F 0 = T3] 7 -5 0] 5131 31 (Table 3), 5
1Y 2ol = 3042, 1A 7, 2A1 7L, 4417, 6417 S ahs 4=
skl
AR Lol A Aol &
o= THEEA] A3kl (Table 3), UXEFAFo A & o5
< R ghotom, of-8- (4,000 mgkg)S TS
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Table 3 Change in body weight in male and female ICR mice after single oral administration of varying doses of the PAT protein

Sex Group Change in body weight (g/day)
(dose: mg/kg) 1* 5 7
Gl (0) 34.84+1.42° 36.41+1.63° 36.17+1.52°
Male G2 (1000) 34.25+2.12° 35.4942.17° 35.9442.19°
G3 (2000) 34.47+0.79° 35.26+0.93" 36.33+0.88°
G4 (4000) 35.16+1.33° 35.94+1.17° 35.98+1.26°
Gl (0) 29.96+0.86° 29.60+0.93% 30.23+0.90°
Female G2 (1000) 29.94+0.62° 30.94+1.22° 30.49+1.24°
G3 (2000) 27.84+0.70° 28.05+0.87° 28.95+1.11°
G4 (4000) 29.86+1.30 29.95+1.53° 30.98+1.84°

*Day after administration of PAT protein.

Body weights (g/day) are means + SD (n=5). Values with different letters are significantly different between days and doses, as

determined by Duncan's multiple range test (p<0.05).
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Table 4 Clinical signs and mortality of ICR mice after a single oral administration of varying doses of the PAT protein

Sex (DOSSTO;I; ke) Sample size Clinical signs Mortality (%)
G1 (0) 5 - 0
G2 (1000) 5 - 0
Male
G3 (2000) 5 - 0
G4 (4000) 5 - 0
G1 (0) 5 - 0
G2 (1000) 5 - 0
Female
G3 (2000) 5 - 0
G4 (4000) 5 - 0
-, No abnormal findings
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