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A8 &2 phosphinothricin acetyltransferase(PAT)= A
ZA glufocinateo] AAE zt= ThilAZ A o]
Strptomyces hygroscopicus, Streptomyces Viridochrogenes
A  FlE AZANIAHGHR bar  (bialaphos
resistance; Thompson &, 1987), L= par (Phosphino-
thricin Acetyltransferase; Strauch 5, 1988) geneol| ¢]3j
AAdEty. PATE glufocinate®] FA1E9)  phosphino-
thricing acetyl8}sle] A)z&AHS 2843 A==
A RzAG G WAL tepdoh

Phosphinothn'cin(PTI’)g 2182 glutamine(Glu) A

e Addts AEE dtH, AEF Ao #Bo
3= AAE As) Eﬂ-r"ﬂ Bzt AEE FES

2 @ TAMAZIE EAo] Q7] W&o glufocinate=

Blde A 22 deix Aok welM o EA
< WALE FRAANZREIIEE o] fdtd AzAA
FIFAAE =Y Agole 2 Foln

*edebx|

22

M RAxD B8H0z AAT F e ZES ML
A HUew, o] PPT AFAYFHAAE ol &3t it
d FEEe i, 2, G4, S5, 9 Fol Ao
(De Block &, 1987, De Block &, 1989; Spencer &,
1990; Cao %5, 1992).

g FAANMEREIIEE ol&3t] AwE FAE
< HFAAHYAYE A(genetically modified organisms,
GMO9EE $AANYLEoe} 2am ot §2
AHEAE 7k 1995 W] MonsantoAl7} 7 g
AZAAGAA Fo] AANAANE E}3)y EAHo

2 AEN) oolAWA ts Bus AP=3 9

o B3 AZAAGH = WIS M B
FEe FIETS FA Q7T B0 FHEL
Reojdy =57 xS FolRA HYL A
Fam w3 BN S, Jstn EAGA, 4B
o GFZ7), 483 Balol FEAZ, Ao} 2
Efz 59 423y o] aY £ AT e
H, oldd fAAEYREL E2gEY 0 S
g Ao s 29 wHold FHo] BrkA 5, 1993
Murphy, 1999, F&Z&AH, 1999; Jail T 2000;
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Parveez, 2000).

Jeiv FRAAHEHEE HEH7 A 23 g
FAAE AFHoz sfxsAY da 9 A2e
FAAE A9H o2 Fsla] wEoAo 2 o]
& 2EE dEE I AF S A APA ¢
2718, BAAA kg, BANL S A3
A FAHeR A HaiA A A7E Aol A
Fol g gHAdel AFHA Atk olfE Y
slol AbElEA8 Hu gl

b AHAl AZEITE Y J)eRHS A}
A e HY WA AR NEFAZ dasigs
FAO/WHOS| #ud] we} AAxFTAd A}
AHAFE H7ksln QITHOECD, 1993a; FAO, 1996).
S m5 EPAYA e ol HEd =YE AR
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U 458 U SARPINE 9
AE Fol ATk 2eu 53 4RNY g
U 712 w2 RNt Ed4EA wET
94 e BARRAG B ATARE dAzA
£ 498 2EY 299 Ao,

de B ATE SRHE duz Fadsied o
$ #8% NHo2 FUANGREY PlcEe §
T AL sl PM EQ4AY) LeiT
Aol e LIYRTE B A5 AzARY
4 wud PATO) UE AREAAYE oerEse

A TA A1999-615,
1999. 12. 12)9) we} HA|3le] WHolAAHFFEE Hr}
Tk

NSEEE ¥ Al

2 Aol AH8E AFEAQ] PATE pard E coli
oA Adstel &4 2e (¥ D F PANeE @7
sk A1R7IZE FF WARD ST FHUEER
¢l 2-nitrofluorene(2NF), sodiumazide(SA), 6-chloro-9-[3-
2(chloroethylamino)propyl-amino] 2-methoxy-acridine (ICR
191), 2-aminofluorene(2AF), mitomycin C 2 benzo[a]

pyrenet= SigmaAto| A FA3ke] ALg-3HHTH

SHSAB0| AE
2 AlEo AR " FFE Salmonella typhimurium
TA98, TA100, TALS35, TAIS37 2 fjd si=slstaz

Fig. 1. Result of purified PAT from E coli. by SDS-PAGE.
1. E. coli extracts
2. DEAE-cellulose chromatography
3. Affinity chromatography
4, Hydrophobic interaction chromatography

oA FFitol ALEEIATE AIFER PATS 0.9%
A2 gadd AEAA AT HPdsses TA
100 #FE o83t 5000 pgplates HNFT= A
Z3to] AP 9 mixued 0§ TABAPS
AABATE RIS EAPEET 5000 ugplae?] EFx
A AFELe] g HAEEHE Holx| g}l B
Y FE2 A LuiRFoEE 09% A
AEFE A& eH, Ay o FAUzEZ
2 TA98 FFE 2-NF(1.0 ugplate), TAL00, TA1535
FZE SA (15 ugplate), TAIS37 FFE ICRI91(10

regplate) s, HAMRAHPAME RE  FF] U]
2-AF(10 vgfplate) & ALE-3H5Th Salmonella
typhimurium 2t T3+ 10 mLe] nutrient brothel] 7

F3to] 37TCAAM o 16417 3jAA KBl 7ol A
st AlEAR W AFIEHAE 50T
waterbathol] ¥ 17 BHg A3 mm x 100 mm,
glass)oll . typhimurium TA98, TA100, TA1535, TA1537
Z}zto] Wik 0.1 mL, A|EE3 01 mL % 02 M
phosphate buffer saline(pH 7.4) 0.5 mLg& ¥o| myly)
2 e T 37CoA 3087 wigFsch v
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% u2 AF5HuA 2 mLs Hrbste EFSL
Holdd HAE HagddHmAd FFHAe
, AR M= S9S cofactor 9} 1:99] H|E=E
2 S9 mixtureE 0.5 mL¥ H7}gF tL aWvlE
S3ete] HAagdulAe FEdAth HE5 S plate
o] 3087 Wx & 37°C incubatorol) A} 484]
% F BANO] JAg4E 554 I AR
A 438} THOECD, 1993b).

EAoldetrs 4 AEd 3u) plated] P
2 YeiRa, EddolRdd BgL &gy 2
v o]4de] EAEio] Jg4E UshiAY FAA #

Nodr @l 4 2 R o

o re
rlo

94¢ e o 4oz wRsgen), og Bv
37 A LAtz ER 2Azte) FRol el §e

FZ p<0052 ttestS A AJ3Frh
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AHeE EHFE AEE  Chinese hamster lung
fibroblast(CHL) ME2FZ = 3}std7 Ul 4 &
o} AF2-3}4ch. Modal chromosome numbers= 25|,
N ZZ7)%E 15870 th(shidates} Odashima, 1977).

gjofole  10% fetal bovine serum(FBS, Gibco
16000-044)-2 ¥ 53} Eagle’s minimal essential medium
(EMEM, Gibco, 41500-034) Alg3tgon, X3 &%
sl 5% CO 2 FFshe 37T widrlolA wiok
g9k wg"E AEZE 2~39 AR 025%
trypsin-EDTA §- & 0|83l A FA5Att.

APEAQ PATE  09% A4 gl degsid]
slideZ A28l BF 7158 28 APEER
B89t HNEAEEE 100 pgmlE 3t F7H
ST 10 pgml, ALFE 1 pgml 39412 FoF
7S Ttk iR L 09% AYHEFE, %
AhzTE AZHH mitomycin C 0.1 pg/mLE,
A ER Sl X benz(a)pyrene 20 pg/mLE A}
239k AHYS CHL AIZS 37 60 mme] petri
dishel] 5 mLe] wiFo) 1x10° celymL H =2 3}E3}
of 3Y7 wYS ¥, 44 AFEIY YAURER
=& Fste wigddo s wmEkste] 22417 EQt uj
ksl Tt Zt petri dishol colcemid(Gibco)S 1 UM &
=2 AYd F 2 o wjgst F QA AZARE
] 2472Y0] HEE 4T 025% trypsin-EDTAZ
HNEE & 3 37T AZH0.075 M KCI) 4 mLoj
Z g Al ¥ 37C 200 2083 B8k, 127

il

N

o

o (methanol:acetic acid=3:1)©.2 33 AAZ F cell
suspensiong 50 WEFHAF slide glasso] T3-&
o] 83l 60~80 cmEololA IAMEEFAS 1F
4 Holmy] Ao AR F, 5% GiemsaZ 302
b gAste] BFetdnFos #A3A dAEAAY
o CHL A¥E A% 60 mm) petri disho] 1x10°
celymL ¥EE 3Y7F g3 F, S9EES cofactor9}
37 HFZ2 EFS 9 mixtured} A|PED EE Y4
gzEde] IFE wjgdoz 6At widd F
EMEM A2 n&3te 1847 o] wig3dch AX
9] A 2417t Ao coleemidE A3 F HEXE F
A, B8 AZFSIAT(Galloway T, 1997, OECD,
1993¢)

3 AY BT 100704 39HRoz AIREE F7)
e FrAseIN B GAAY 478 BB
S4th GAAOFE 2| 20| AHstructural  aber
rations)# 57 o]AKnumerical aberration)©.2 %73}
31, FZolAe ctg(chromodatid gap), ctb(chromatid
break), cte(chromatid exchange) .2 TE3}5 0.5, <&
ol ausA olgwe 7SSk GAA oldel
7t BA%HE FoA A SFAEHRE F7}
AY shi ol SFUACNA AEAR A A4
WeS Jehd 298 d4ez . FAMEHE &
9)4F p<0.05E t-testE AA]3}HT-

P

lo

SUSBE SPREDEAA 2A) 579 a0l

Y28 AMEIYT 2: 23:1TC, €%
55+5%, 87] 10~183)/hr, EJE = 12 hr cycle A}
£33N 17929 ¢3Ibe AR Fe7hE 0]
E AFSAZHT0 Wx240 Lx120 H mm)o] 6ue)y ¥
o] AIgEATh AlsE APFES LINEEEES
AR)E A EdEle FFEeH, S5 AT

okl W
il
ol
3B
v

2908 B AT SIS g EAEE 0%
stk AzAAGIHAA SRF] FHFHAY
A7 LDyo] 2500 mgkgo 2 ZAIEo] AP EA o
o= LDy IREERE sk 1250, 625, 313
mgkg A3t Mytomycin C £ 2 mgkgs &
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QozEes HARG

gAY =
(1979)8] gl wep BFERE AR AR
TE AT Y 4% WHIERH IFE 0
mL¢] fetal bovine serum(FBS, Gibco)o. 2 z))2|3}
TFAE @8RS 1,000 pmo A 5EH A4
Atk A5AE AAT & HAZHY 9’4;%“ %
Eo =Eta 7] oA S8 A
Bgo 58 nAI}IY. FEL 5% Giemsa £
(1/150 M phosphate buffer, pH 6.8% 3])o] 30&E7t
QAsign. 94 ¥ 5Y 93d0) 13 AFsn
0004%2) FANSFAY) 2N BT F FFA
43 Al Fske] BEAZ

1,00072}  HEFoAA  t+4/3 4 E T (polychromatic
erythrocyte, PCE)®} A 343 4 & -(normochromatic erych-
rocyte, NCE)9] H|E 3331, thA] 1,00071¢] PCEZq
A A%E MR A A E T (micronucleated  PCE,
MNPCE)9] &3WEE T8} tHMacgregor 5, 1987).
aajolge) BRe §RERoD sunILAYT
7 FaenE AvaRdel doa dn %
4975 3 DAAHRTIIL olBlE HUL WE
29715 oA 59 ATRA0l Yn BASAL
(Hayashi ‘5, 1989; Hayashi &, 1994; Salamore, 1980,
Schimid, 1975). PCE®] Z& Wikd #3d Foxe
vestol 3 R BAY FI4E PP

2 o
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SHECIHOINE

S. typhimuriumo] 83+ HAEZ AR APl A AFE
7 PAT+ TA98, TA100, TA 1535, TA1537% 4%2]
AP FFAM S9& A E3A G AR B %
LFGA BA SAAEZH vsg Az BAEA
go] £& uvehfo] SATHCE A4S HolA
ghor, $9& Ak dAZAHAAMET S9R-A) e}
AR FoAQ HEE JEhA] gttt e
v A ZEAC 2-nitrofluorene, Sodium azide, 2-
aminofluorened] E-AE@Wo] ¥IE = SOH7E 2 HxA)

2% 2ASEW] 57 dETo) sl Aoy

AE F7HE JHEATHGE .

HMFOIAAIE

PATo| )3 CHL cell& o] &3}t in vitro G} o]
AP 89 mixtures H7FSHA] -2 AHHF 9
mixtureZ H7He AIRAHAHOE FAT AHelF
TE 100, 10, 1 ggml 3552 HA3HDT. AW
3 S9 mixture® H7Ig HARBAY EF AANFEE
oA SANZTH HluA FAFH FoH 2 &F
O)EAE HolA ke, EF chromosomeol Uj
o] TAHZA GUTHE 2). FAHERT MMCe
AHYPAME 32.3%, CHA}%H‘?J"“*‘]h 31.0%2 343
2T vsl f9440s 748 YRt

Polyploidy = ﬁ;}tﬁoﬂﬁh DEEA 1%, A
Ao e FUEFTAA 03%7F #HEHT F4Y
ZFE HEE g2 FoiMe FEHA G AT ¢
Ao dEHgo] 3%0]3E AALYE FFELE Y

=

fl

Table 1| . Results of reverse mutation test of PAT in S, typhimurium
Dose S9 No. of revertant/plate
Group .
(ug/plate)  mix TA 98 TA 100 TA 1535 TA 1537
Negative control - 427+ 70 110.7£8.5 13.3455 11.7£4.0
PAT" 5000 - 35.0+ 87 181.0+17.6 14.0£1.0 14.0+1.7
2NFY 1.0 - 347.7+44.0"
SA? 15 - 507.7+80.0" 49531713
ICR191 - 1 - 9407.0+410.5°
Negative control + 347+1.5 102.3£1.5 18.3+1.5 8.0+3.0
PAT 5000 + 490+1.5 194.7+35.6 233415 117423
2AF 10 + 2090.7+100.7 420.7+51.4" 456.0+90.1" 1872.0+183.0°

¥ Phosphinothricin Acetyltransferase, " 2 Nitrofluorene, © Sodium azide, ® 2-Aminofluorene.

“significantly different from negative control(p<0.05).
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Table 2. Results of chromosomal aberration test of PAT on CHL cells

No. of structural abetration”

Polyploidy

Group Dose S? chromatid Frequence of c.ells with

(zg/mL)  Mix total aberration(%) (%)
Gap Breakage Exchange

Negative control 0 8 33 0(0)
PAT” 100 1 8 3.0 3(1.0)
10 - 2 8 33 0(0)
1 0 5 1.7 0(0)
MMC? 0.1 11 11 75 2.3 0(0)
Negative control 0 0 20 0(0)
PAT” 100 0 0 3.0 0(0)
10 + 1 2 3.0 1(0.3)
1 1 1 3.0 0(0)
B(a)P” 20 6 2 85 31.0° 0(0)

“Three sample slides were prepared for each concentration and 100 cells were counted per slide.

®Phosphinothricin Acetyltransferase, ©
*signjficantly different from negative control(p<0.05).

et olsh Le @R P
A4 g gz Buwn.

57 PAE o83 PATS) 2WAY 23, AW
24 S94% Zols QABde BINA Ypon,
AT AET AP GAYRYTSe

A% ARE E 3 deich SAREFAe
S BT 100007 A0 AHYTSY B
= 02+010%Hod, UHARTE 24:049%0.2

Mytomycin C, ? Benzofa]pyrene.

tlo
o
E

ol w3 FoEA FUketAnh 18%, F
7&3%& 9 AgFFo] zzt 03:005%, 03+0.18%,
02+0.10% 2 SAUNZT HIgtY A|FERD FAT
25 FAE fg4L gl =8 FH @
EAHE TS FANEE A ZIHR 3),
&3, FUEFE 2 ALY w=r 47
4755109%, 442+ 8.1% % 478+ 54%02 SAYZ
79 503+ 26%% HwE o F4FQ Zpol7t Y

i

Aok EF AA 423 TAEo] 02% Welolx, &4
2T vlaste] E9f 2to)7h glo] Al@Edo] vt

Table 3. Results of micronucleus test in ICR male mice treated intraperitoneally with PAT

Dose

No. of

Group (ko) Route onitmal samlzii)t]me MNPCE”(%) PCE”(%)
Negative control ip. 6 24 0.2+0.10 50.3+ 2.6
PAT® 1250 ip. 6 24 0.3+0.05 47.5+10.9

625 ip. 6 24 0.3£0.18 442+ 8.1

313 ip. 6 24 0.2:0.10 478+ 54

MMC? 2 ip. 6 24 244049 46.0% 6.3

“ Micronucleated polychromatic erythrocytes/1000 polychromatic erythrocytes.

® Polychromatic erythrocytes/1000 erythrocytes.

9 Phosphinothricin Acetyltransferase.

9 Mytomycin C.

“significantly different from negative control(p<0.05).
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FHITHH 7leg o8t FEde HHE Fo
HA xR A0 AAY £ e FEL A
OFd ZAEd FEH1 e AZAA
A8 =z}9] par®] HHETW A PAT o )3t & &A=
i BEE W71 A8t Salmonellag o) &3 B
8ol AlY, CHL cellg ©]§3 gAA AN E
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o] HoldAdE BrIAt FAEAEAY FAE
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WalE A FAA ShEo] HEEE dAo
FAAH A4ty 3t plant-pesticideE FF3}3
FAAHIAEAE 2 GAAEY AR B3
AAQEILE AT THTE I S EHL V)
E9] Zatzete AFUIEH e WIS S

A ARNER WEE FE Fo ATHEPA,

2000). 283 AFE JEE GMOo] JUAR, 5
24%, ¢d27] #ERE F 71EFEFY %é*é
S st AFY GRS HWrtshe "dAAET

A)(Substantial equivalence)” 7fdo] EQFHo] YAt
(OECD 1993a; Padgette T 1996; Kearns®} Mayers,
1999; Novak$} Haslberger, 2000), o] 713 =3+ A3}
9%, WASA 3 4R AYel AZHA %)
W2 HeHolx Bahe FFo] AP Yo
(Millstone 5 1999), X3] FHAAPAEQ] GMOs
of g WY =o) APHu Yk

2 Agel AR Ase S8 il AR go
D2 BE fAANEEAEY 488 St gle A
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Mutagenicity Studies of the Herbicide-resistance Phosphinotricin Acetyltransferase (PAT)
Mihye Jeong*, Aresun You, Jebong Lee', Jinsup Shin', Jinhwa Kim and Jeung-sul Han(Harzadous Substances
Division, NIAST, RDA, Suwon 441-707, and 'Pesticide Safety Division, NIAST, RDA, Suwon 441-707, Horticultural

Biotechnology Division, NHRI, RDA, 440-706)

Abstract :

To evaluate mutagenicity of Phosphinotricin Acetyltransferase(PAT) which is expressed by the

glufosinate-resistance gene pat, in vitro reverse mutation test using Salmonella typhimurium, chromosome aberration
test using chinese hamster lung(CHL) cells and in vivo micronucleus test of mice were performed. In the
reverse mutation, the PAT did not induce mutagenicity in Salmonella typhimurium TA 98, TA 100, TA 1535, TA
1537 with and without metabolic activation at 5000 pg/plate. In the chromosome aberration test, the results
showed no incidence of increased structural and mumerical chromosome aberrations at any doses tested(100, 10, 1
ag/mL).  In micronucleus test, the ratio of micronuclei was measured in polychromatic erythrocytes of bone
marrow of male ICR mice intraperitoneally administrated with PAT(1250, 625, and 313 mg/kg), the results
showed no incidence of increased micronucleated polychromatic erythrocytes (MNPCE). These results indicate that
PAT might not have mutagenic potential in vitro and vivo systems.
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