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Glufosinate-ammoniumoi| #8t k#5(Oryza sativa L.) KM K&
HWE* - 2ETH - RAK"
Responses of Rice Cultivars to Glufosinate-ammonium
Hong, S.Y*.,, K.U. Kim*, and D _H. Shin*

ABSTRACT

This study was conducted to determine physiological responses rice cultivars to glufosinate-ammonium,
Changes of total protein content, protein population, glutamine synthetase activity, accumulated ammonia
content and free amino acid composition were examined in both tolerant and susceptible rice cultivars.
Tamjinbyeo and Fukei 126 showed relatively tolerant response to glufosinate-ammonium while Namyeong-
byeo, Palgongbyeo and Youngdugbyeo were susceptible to it. Total protein content of two tolerant cultivars
was 93.2% of the untreated control in average but three susceptible cultivars showed 76.5% of the untreated
control in average, showing 16.7% difference. Protein profiles of the tolerant cultivars seemed to be not
affected by glufosinate-ammonium treatment. However, in susceptible cultivar like Namyeongbyeo, 10ppm
of glufosinate-ammonium application resulted in decrease of band density or disapperance of spot density in
near 20kD and in between 45kD and 66kD on 2D-PAGE. Glutamine synthetase activity in susceptible cultivars
was markedly inhibited by glufosinate-ammonium treatment, accompanying remarkable increase of ammonia
content by three times greater than tolerant cultivars, and markedly increase of glutamic acid, showing 430%
of the untreated control.
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FHE 2R A9 gie "ol

B%tEthol A glufosinate-ammoniume, =
volel EML, Fr#. BEhr FE KREWS &
BolA EEE &#¢ sli inorganic nitrogen
o] organic formo 2 iz =l MEsde A=
= B%9l glutamine synthetase{L-glutamate :
ammonia ligase (ADP-forming)EC 6.3.1.2]%
EHPmes AFESE Hoer  duAd 3l
thisaem = glufosinater} glutamate binding
siteo] #EBHYo 2 bindingdled EMEHIQ phos-
phorylation& B38|l ammoniag S&Fs FR&
ola)x Al o) xERe) 47t ¥ glutamined] &
BBREE ol 1 HREE BR dRJert F
43 FTWE Y BHEfESlM  glufosinate
-ammonium BEE %, glutamine synthetase /i
ol R £ dxJole bl FE
220 4mEelE ZESH T MEE AEel: BMEE
BhnA A - WA 7k g whebA], amide
BB d 8% glutamined) TR Z KF4E
MEmEe MESA HTH Sty 79 &
Hgo) HEHACD. ol L iEHMWAY d=d
of Tkl BREEMES] FEERoZ #HEsL 3l
o}, obd mHEI EEs UA e &t
Kolodziej'¥2 glufosinate-ammonium FIEFHFE
1% Sinapis alba®] Helo|d BOE S8, B 8
(&, Kl kit el BTt B
4% W 9lx, ¥  Suwanwong FE
glufosinate-ammonium e T Hle BiE
53-8 %3 glufosinate-ammonium FEEE| <
&) glutamine synthetase®] iF#e] HES L #
el odmole) glutamic acide) &&eo] A
sl KEEH glutamines) FEel =27
WA gt o] el glutamine
synthetase HE| g HE'**= o = 3l
o} glufosinate-ammonium o] W& HH
E e #kel dig HEE g KiFeld.

Glutamine synthetaset —#ijo 2 BHH%Hid
o] WegEol A 2719 REIfEEEKS MR Fiesied
MAE S BEMo) MEd}L £& GS 3 GS: 2
veldicl, ol 52 BE WU E RS &4
Foll olal codeslm GS,7} 43-45 kD2 37-43
kDo‘l GSl iq_ o_%y‘l_ ‘:‘1 i18.9,10,17,20)y ;t_s—]
glufosinate-ammoniume]] 2ls) AFEHTI #HE
=Halet

Glufosinate-ammonium-<  JEEBH: REE o
A=t fERIMREC] Z2 fREHM®E hialaphoso
N EHYE REToE 2 WY deEtel A o
B3 g asenn,  Gas duse A§
glutamine synthetase] subunitf codes}+ &
WFREH BiEC) WHES Fod3tE ez W
= gle 2 whkek kiFol A BHRREEEAL W
Eiol ol 3dl glufosinate-ammoniume]] o &
itt sourced WF - oWES S, KEE Zol B
Wik %ot By FEEw o 4 4
b HAREST R & oz BN

ol8} 7te], glufosinate-ammoniume] UKt
fEt, glutamine synthetase i&i, oF=21o} FEfk,
WA Mol Ao Kigol BAZ HEE UA
ot N, £3) EME HERol ol ¥ Kl
o] FtER ®E disiMde #@E" v g,

weld, & RENAE glufosinate-amonium
of ol AFe] MiEMHY KMol ERE EME
A KEE BEAE AR EAEIARY MM,
glutamine synthetase®] E#:, EHEI G2}
8, EEE olu x4t MAREMEE FEIUG.

wE o FiE

A ROl FEH KM (Oryza sativa L) k&
2 HEEEhREEeEYH oEEsten, KRE
B glufosinate-ammonium-&  HIES = ©}AEk

B (18%) 5 M3,

8 1. Glufosinate-ammoniumol| 3t Xig
AN TR
2 s 112 KiES HEo 2 BHE AT 1%
sodium hypochlorite B o2 304 BEsly &
W2 3 HHET % 30CE MRSl EiES
A 2HM BEAZCT. ol #¥H MTFE ER
9cm<l  petri disho]l &% 1okid FERsla
glufosinate-ammonium 10ppm-<  20ml% 4 of
30°CE #Fs v HiSo A ks srEsg
ok, RE % SHA H#el FAr 3l
glufosinate-ammoniumel] $3+ fitEs RS H
fiES st o,

Aol %
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B 2. Glufosinate-ammoniumo] ZAR &
Rz gl ojXE B

1) # kEHE AR 2B A%

EHER 1ge HAMERE o &3t TxAbie
A EEpeste] 50mM Tris-HCl #@#% (pH 7.2,
0.5mM Na,EDTA, 0.01% (w/v) mercaptoeth-
anol) 1mlg fmsl #didF 4 13, 000rpmell A 304+
M OELaREstE . RBE P 100xlE 3
Bradford”e] Fikoz @AY EAR TR
BlEstA . fE##S bovine serum albumin
(BSA) & M3l K3glorm olF Xifor
BEHE BS Hddd

2) BAK d=o B

® 1kt EFRKE

AR 100mge 4CTE ##F=v ATl A
EEmE #% 1mge] Tris-HCl &% (pH 6.8,
5% mercaptoethanol, 4% glycerol, 3% SDS)
2 fn3led eppendorf tubeo] [Eksted 4C HE
Eoll 304M wEZ 4% 13, 000rpmeil A 204
BLoHESY de EBES RAHE SR,
Laemmli’®¢e] HiEg #WHsle] SDS-PAGE
(polyacrylamide ge! electrophoresis) & #4173}
9ic}. Separating gel2 & 13% polyacrylamide
% FiAsldx stacking gelz= 3.9% polya-
crylamideZ FlE3l3 o9, electrode buffer®
+ Tris-HCl #1&# (pH 8.3, 0.195 M glycine,
0.1% SDS)¢ FlAstAct ke £& 30ul4
loads}ed, stacking gelol|l A& 20mA, separat-
ing gelolAlE 40mAZ EEKEES &7t
EERKkE % EEHG0%(v/v) methanol, 10%
(v/v) acetic acid, 40% (v/v) deionized water)
oA 1RERE,  HEM(0.05% (w/v) Coomassie
brilliant blue, 50% (v/v) methanol, 10% (v/v)
acetic acid, 40% (v/v) deionized water)oi 4] 5
B Wl O REM(G% (v/v) methanol, 7%
(v/v) acetic acid, 88% (v/v) deionized water)
ol A BTt

@ 2Rk ERKE

2=kt ERKE HHSZ AT #A8e TCA
e FAEsES. &, A#ME 100mge] i
£ WHWMERS ol &3l MRt 500ul TCA
acetone(10% TCA+0.07% meracptoethanol in
acetone) S fnsl 2 BWEHE % -20CA 154H
HOoaHs o, LRSS BRrE % 500u] cold

acetone (0.07% mercaptoethanol in acetone)-&
sl A Bi®3ted 15, 000rpmoll A 540 .S
Motict, LBHS BET 1% pellets BT o)A
B A7 sample #81# (Iysis buffer : 8. 5M
urea, ampoline 1.6% pH 5-8+0.4% pH 3.5-
10, 5% mercaptoethanol, 3% NP-40)23& 4
HE =12 10, 000rpmel| A 55-RE  ELL5r ST
LE#S Bl BEAKUEE BES T &
£r2 FAEA. 22kt ERKkES OFarrell9]
Fikd Bz 3l BT}, 1kALL non
-equilibrium pH gradient electrophoresis® 4.
8% polyacrylamideE 53 tube gelolA] iR
o] 10mM H,PO,, &l 20mM NaOHE %
I, 200VellA 154y, 300VellA 1547, 400VelA
3047 preruns]# pH HEE olF % 400Vel
A 128:FE, 800Vl 1ReR EEKENAIZ T
Tubeoll 4 wi gel-2 0.0625 M Tris-HCl 424
# (pH 6.8, 10% glycerol, 5% mercaptoeth-
anol, 2.3% SDS)o2 HflAA FEAS. 2
*xie SDS-PAGE=R &4rFEHZ BT o=
g9 1kt BREKET 2L AEoE T34
o}

ERE % gels HEPHE 1(50% ethanol,
10% acetic acid(glacial), 40% deionized
water) 3 #EH 2(10% ethanol, 5%
acid (glacial), 85% deicnized water) o] &% 30
4y, 20457 d1ol W ¥ Nakaraitest jit 9]
Silbest-Stain kit2 it s}t

acetic

BB 3. Glutamine synthetase j&f§0f o|x]
= ¥l

1) Glutamine synthetase &M RiE
Glutamine synthetasee] #th = FEHEHIES
O'Neal®} Joy*e] Kikg witch, mEst &
oz BHE R REES EEEE HEW
o] AME 228 4CE M=l AR A 50
mM Tris-HCl #&@&# (pH 7.2, 0.5mM Na,
EDTA, 0.01%(v/v) mercaptoethanol) 4ml&
husked BERESlod 13, 000rpmell A 204F &L
BEsted o2 WML MHBEEHoD A&,
Glutamine synthetase #F#: HEL oh&3t 7o
#f73kd k. 0.6ml 0.25M imidazole-HCl 4%
% (pH 7.0), 0.4ml 0.3 M sodium glutamate,
0.4ml 30mM ATP, 0.2ml 0.5 M magnesium
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sulfate’} ES= M) 1.2mle) EBREHEE 4
I, 30C {HEKkElA 59 &k A7 i,
0.2ml¢} hydroxylamine i## (1 M NH,OH :1
M NAOH=1:12)¢ fnsl K& BAgstsdct.
olw] hydroxylamine ##-& M3 L HE
blank2 FE3IE . 159 #ol 0.8mle] R
1+#6(10% FeCl; - 6H,0 in 0.2 M HCl: 24%
trichloroacetic acid : 18% HCl=1:1:1)%
d KMES ATk o] KMESMS 3,000
rpmell A 105 &8sl FEES FHslx
FE &2 43 glutamyl hydroxamate
(GHA) 9] k¢ @lEstgict. 5mM GHAE 0-0.6
mle) & @) A glutamine synthetase #l%E >} [
—& Hko2 RMEAIFA 540nmoilA] BEE @l
Ealed HMERE dUa olF EHo=E
glutamine synthetasee| EMFREE 7eHASIA 2,
umol GHA/mg protein/min& R34}

2) =l B HE

£888 0.5g0] 1.5mig] 10% TCAE msl =
ApAbiboll 4] EERESLS] 12, 000rpmell A 307
LrEEste] EREE d=JVol 5B WES 2%
2 fFAEstds. d=del & WES Chend
Ching¥¢] uhy& #Fdlel Rt & A
#% 0.8mlo] 0.25 M phenol ## 0.8mlz}
sodium nitroprusside ¥ 0.8mlg fnd 1% 1.6
mlel BEIER (sodiurp hypochlorite solution :
alkaline reagent=1:4)% W#sls A3 4
o] ot FMEASE-S 37C EEAMAAM 205
R szEslH A BEAA 560nmelA REE #
s=alodch, fENEEMR-S ammonium sulfated
meted 99} E—3 HEoR ded ofF &
#oz otuviol FEET HHAL.

3) MM olvlAl MK 9

o}m|x Abe] #hM, RipEE 3 ortho-phthalde-
hyde (OPA) HMgs #EE, Filol Eolsde #
B o}m|:ALS- ion exchange Zalo g S %
OPA (ortho-phthaldehyde) reagente} RKFEA] 7,
olu] = Alo] detectorell Eoi7}r] Aol ol X
MWL Yool on-lineo 2 FHMME 2} Eo]
¥ 3= post column o g HPLCE HifT3led
oEk, EBRIGACH £ 0.528 EHEE oA
EEprsted 3mle] 0.2 N perchloric acidg fmsh
of HHE % 15, 000rpmell A 304 &0 EESH
o] &S ok &Ml 0.072mM EKIR

Table 1. Working conditions for amino acid analy-
sis

Instrument : Waters U6K Injector
Waters 510 pump-2
Waters 680 Gradient controller
Waters 441 Absorbance Detector
Youngin D520 Integrator
. Waters Amion Acid Analysis
Liquid chromatography column
Flow rate : (.4ml/min
Temperature : 62.0+1%C

Column

B e nsled pH 7-8% FIAF L,
15, 000rpmel| A 3040 FLoBESId & EE
#-E Dowex-50 & (¢$-0.7Xx5cm)eo)} loading
g 7% 8mle] HPLCH #¥kE2 #gsle, 4 N
NH,OHi## 3mlg fusted oln|mAbg #iAIZ
ok, BHE-S Robd 40T EZ evaporators
B )7 1% 400ule] HPLCH ko) %o of
olx sl HESITE S8 HARE R e,
S & 13 2o

MR 3 EE

Glufosinate-ammonium of|
iR R

By k@

18 18 glufosinate-ammoniume)] 3 K8
o RS FAEY HE2A 113 KBRES fE
3 10ppm PEHEEF Elve KEE FH#gidel =
REN o HHE EEHEA HI e elde]

Hse 23ed HEY KEL debddd
(Figure 1). #paEEol] Hta 50% #flsle M
Frequency
J
Glufosinate-
. S R ammonium
0 20 40 60 80 100

9% of control
Figure 1. Freugency distribution of 113 rice
cultivars in terms of plant height inhibi-
tion as affected by glufosinate-ammo-
nium. R : Resistance, S : Susceptibility
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Table 2. Effect of glufosinate on plant height of
several cultivars,

Plant height

Cultivar Control 10 9% of control
ppm

MM Qe
Tolerant group
Fukei 126 29.2 28.0 95.9
Tamjinbyeo 39.0 39.6 101.5
Han 7 37.0 33.5 90.5
Ilwacheongbyeo 34.3 31.5 91.8
Gehwa 5 32.2 28.6 88.8
Susceptible group
Namyeongbyeo 35.3 13.0 36.8
Palgongbyeo 41.6 16.1 38.7
Y eongdugbyeo 38.9 15.4 39.6
(zayabyeo 41.0 14.9 36.3
Singwangbyeo 44.0 15.4 35.0

o] 7tz wrolm, o dhollA glufosinate-ammo-
niumol| #ek Rt BES A0 o4
85% LALS miHBRe R, 40% LTS meSep
22 SHIUt. RE2 @fEe]l Einsle Zo
2 A4 4.4%, SEL BeFifo] Hmsle Fo
2 A4 6.2%E o] & Ki#oz EEH Wit
BES &4 iksteich(Table 2). LEtel ##eo
2 ®¥9 elxly, Fukei 126, ¥ 7, 34y, A
3t 5= @EH) Hsle] 101.5, 95., 90.5, 91.
8, 88.8%%=% MtEMoz e, Ty, <4d
¥, Jlopw, Al MEEH| Hsle 36.8,
38.7, 39.6, 36.3, 35.0%= REMEo=E M
o REMC #I KESE SEMA 2
#RE P9t Shin %2 butachlor, thioben-
carb, simetrynol| ¥ XigsfEMl Z ZR7
UEe WEE vk Ao, o] AL KBMERA B
B B sourcert AEdcE A Eeksted
27} i sourced FIFSHY BB SR
ERE 7hesteel Az

Glufosinate-ammoniumoj] 2|3t EaR
SR ofe

1. ® k%% ZFaR 3R
LiE REolA EES BRiEe= BikH SE
M BOE FES WEstsledl (Table 3) #
Kt &AE ZTEL AMMaEez  HEi"
Fukei 1267 wxit SEEA 240.0, 207.2

Table 3, Total protein content of rice cultivars
as affected by 10ppm glufosinate -
ammonium?,

Protein content (ug/100x1),
Toppm Control % of control

Cultivars

Tolerant group

Fukei 126 234.0  240.0 97.5
Tamjinbyeo 184.0  207.2 88.8
Susceptible group

Namyeongbyeo 191.0 236.3 80.8
Palgongbyeo 160.7 204.4 78.6
Yeongdugbyeo 181.1 255.4 70.1

! determined at 5 days after treatment

£8/100u! o]Wl Z o] glufosinate-ammonium &
My £ & 234.0, 184.0ug/100ul2 A 3l
X, e BHEo R BikE d9d, T3,
ol Al 255.4, 204.4, 236.3ug/100ule]w 7o
PREif 5 TS 181.1, 160.7, 191.04g/100
pl2 WA sl cl. el Fukei 1260 SpBol

1t 2 3 45 6 7 8 8 10

A B C D

Figure 2. SDS-polyacrylamide gel electrophoresis
in rice shoots as affected by glufosinate
-ammonium. A Tamjinbyeo (1 :
Untreated control (UC), 2 : 10ppm), B :
Fukei 126(3: UC, 4: 10ppm), C: Pal-
gongbyeo (5 : 2nd leaf-stage UC, 6 : Ist
leaf-stage UC, 7. 10ppm), D:
Namyeongbyeo (8 : 2nd leaf-stage UC,
9. Ist leaf-stage Uc, 10: 10ppm). The
size markers were the followes : bovine
serum albumin(66kD), egg albumin (45
kD), rabbit glyceraldehyde-3-phosphate
dehydrogenase (36kD), bovine carbonic
anhydrase (29kD), bovine tripsinogen {24
kD), soybean tripsin inhibitor (20,1kD),
bovine a-lactalbumin(14.2kD) ’
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B o 97.5%2 7 wbrl Ak, RS
A ed™erl 70.1% 2 #kyl b 24 et
ok ZOHE B ERE olvlz o REM
7t BERERS sk, KRB 4 EEme)
A R3l7) wtes AzElch o] HFREE Kim
%!Do] thiobencarbel] gt # &EE SEol Wt
He AL ZA BESA v ubd EEHY A
+ 2A BEHCE #ike 2L #HEg 2
t},

2. ZaW "o Wt

1) 13kt BRkE) (SDS-PAGE)

i YW BREiez MRY LMY @ ki
HHE 2BE #AXY BE 249 #WLE By
Leung 1RE BERKBENY HHE HHS #Ax
At (ad 2). WM Sl T3l Yol
+ 66kD Lfire] 9+ bands} glufosinate

-ammonium e ol&) AlgtAl=d W, i
el =l el Fukei 126041 bande] ¥4k}
flolch. ettt RiEol4 #4t¥ bandi: ojulx
glutamine synthetase subunits 7}$oj

a1t}

Figure 3. Protein patterns separated by two-dimensional gel electrophoresis in rice

shoots as affected by

glufosinate-ammonium : Untreated control in Tamjinbyeo(A), 10ppm of glufosinate-ammonium
in Tamjinhyeo (B), Untreated control in Namyeongbyeo (C), 10ppm of glufosinate-ammonium in

Namyeongbyeo.
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oldrt #HEH =z28sod o bandr}
glufosinate-ammonium FifEe] w4 W
peptide UAF HRE + 17 =&l 2kT B
FikEhE Kzt

2) 22k7T ERkE) (2D-PAGE)

Glufosinate-ammoniume]] #3 X8 SMER <
K7t 15kT ERKB LA Helgtonz o
£ & ¢l EHEfgwoz ARy Ssldq 2D
-PAGEE X3t o(Figure 3). @Eel sy
AME FEHI ZRE AE 471 o, B2
¥l dodwo] A 66kDe 45kD Aleo| <] spotzt
20kD ¥-29] spoto] Rr#M e AL AlzkA|
= HEd e 5 G T 2E 24
o9 o]+ glutamine synthetase®] subunits 7}
+d s Aolate #ELS T HKS
A #F2 Yot Kigol o] spot FEfR3IS
amino acid sequencingg 37 Htkd X &
fEfol glolA] glufosinate-ammoniumel| % 3§
-2 Ho|x g% R (intraspecific variation)
F WX #:EY 4+ glocolz B,

Table 4. Glutamine synthetase (GS) activity of rice
cultivars affected by glufosinate-ammonium .

Glufosinate—-ammonium o}

sythetase Ei

glutamine

1. Glutamine synthetase ;Ei¢

fftEe s BRI @9} BEMoz BMRH
F9 & HRe = glutamine synthetase iE#t2]
M{LE FE3GH(Table 4). FHEl w2l
A BRG] Bl MEHEA 77 44, 86
umol GHA/mg protein/mine 2 4EpEEo] ¥
3 ol BMEREMES 51.2%°l%x, RBFtal
doiulolNe mESl SREold 77 23, ‘68
umol GHA/mg protein/mino. 2 &pr¥o] %3l
BEREMS] o) 33.8% 2 WHEQl HA M
£4 553 RS 2gich dodurst shalvel i
3 Hrigel £Fo] HES D WERCE & Wo] o
®83lA =& Aol ulE glutamine sythetases]
HEkol o ENRIEZ) djFel Aoz #Ed 4 3l
o},

2. 420} ik
Glutamine synthetase %t Mbo] #EE 3

Table 5. Ammonia content of rice cultivars as
affected by glufosinate-ammoninium,

Cultivar 1 OpSrlrl:fosgl:rt:rol % of control Cultivar 1 OpEII:fOSg:;:rOI % of control
---umol GHA/mg protein/min-.--  ---%-- ---mmol/g FW... e Qe

Tamjinbyeo 44 86 51.2 Tamjinbyeo 1.46 0.44 331.8

Namyeong 23 68 33.8  Namyeong 3.08 0.35 905.9

Table 6. Amino acid composition of rice cultivars as affected by glufosinate-ammonium?

Amino acids

HPLC area(x100)

% of control

Tamjin

Namyeong

10ppm Control 10ppm Control Tamjin Namyeong

Asp 3.060 4.566 3.918 7.939 67.0 49.4
Thr 10.538 17.852 9.677 102.940 59.0 9.4
Ser 26.270 16.471

Glu 4.879 16.599 13.221 3.021 29.4 437.6
Pro 4.578 9.694 4.765 4.891 47.2 97.4
Gly 24,991 37.355 26.624 121.695 66.9 21.9
Ala 15.927 29.080 20.092 47.220 54.8 42.6
Val 11.215 40.986 18.697 35.945 27.4 52.0
Met 56.631 72.216 46.218 186.585 78.4 24.8

Ile, Leu 69.853 86.640 60.683 80.6

Phe 22.268 30.644 33.202 54.065 72.7 61.4
His 468.632 190.200 811.510 529.680 246.4 153.2
Lys 673.840 657.875 564.150 1204.116 102.4 46.9
Arg 263.537 2172.639 2613.641 2012.506 121.7 129.9

" determined at 7 days after treatment
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vkal 3}7] 93] glutamine synthetased] BEHEZ
AT <t=2dele] R EMES A&
(Table 5). @H#EZE< =¥l 1.46mmol/g
FW, &@E@olAE 0.44mmol/g FWE &EEg®
o #3 = o} &Eel ol 331.8%<ldl K
8, MM dduodlME 3.08mmol/g FW,
W@ A 0.35mmol/g FW2 o) Hd
Wi 905.9% 2 oF 3] RE ¢ feRe] ERE o
R jobrt HERRMS el BEto] & Aol
obid 7} Btz ch.

3. iEME ojoj At MR

ERE 4t glutamine synthetase jEi:o) A
it iRt REEEMY FEY BRI ez
2 glutamine synthetase?] =o& HKEKq
glutamic acide] L& du( o2 B oln| x4t
o #RE A#Rgtch(Table 6). HPLC mEi&L
ERES Sl RO HHS EREY WY kb
2 &S] hEgstEely el shRleelME
mmTel Iy £4& 4.879, 16.599% Rl
B3 ) 20.4%0lxn, Rt FdyE WK
ol EHErl £%& 13.221, 3.0212 SpEEEo] ¥
g W7t 437.65% Ao sl " we Bo)
Aol EME] UTS 44 U ol d=
Yete] BAERK| Bzt daduold g4 9
WE e KR —HIE Ao gdEolsy
glutamic acidr} glutamine synthetases] &=
FEsA 23n R EWs v Heoez
Azkg o},

rlr r

w X

Glufosinate-ammoniumeol] #3 K5 SuiERe
HHEZERE 7eegslanzl glufosinate-ammonium
of oHd REHE KFE, ¥ Kzl HEAHE 28,
EHHE dele #{k glutamine synthetase®| &
, FRE dRdol &&E, HEE olv A MK
23 WAE KHEY ¢ HRE B oF
2 Zo

1. Glufosinate-ammonium 10ppmof g &
8 WiER RE-e 2= Fukei 1265 ®-x31s]<]
Figel Zeolrt EmEEES] il £&E  96%,
100% 5 @iEmEez, ddy, B39, Faiy

£ Wi#Ee AHolsl EEEol Hd &E& 40%,
39%, 3T%E BEMRiEe D SMIA.

2. M EAE STEL WHaMoz Bhie
Fukei 1265 ®3¥& KoM 240.0, 207.2
£#g/100ulolw] o] pE¥EollAl 234.0, 184.0ug/
100xle 2 g #3 -} 97.5%, 88.8%0]
R, BEd Koz B|HRE odud, [,
dedvle MEEOlA 255.4, 204.4, 236.3ug/
100pleltd o] A =lollA 181.1, 160.7, 191.0
K1E/100p1o 2 B& mpEEe) i 70.1%, 78.
6%, 80.8%F Wit hal A BWAIHY
o},

3. BEaKAE #MhE o 2y
Al glufosinate-ammonium 10ppm E e &
band®] densitye] (L7} glglov, M S
o2 BRA dodsol e 66kD Lol A band
density 7} @A AV AlgAlE MHES 2
2D-PAGEA A= =lat7ixl 2 itk whalw o
B#E spote] byl A9 ¢lddw o Ha mee
el odeioll Ao 5Ee 45kDe}l 66kDALo],
20kD X-TZoll 4] spote] densitys} A sEA W A}
2l &= HmE 2yl

4. Glutamine synthetase] -2 mEel =
Avl& FEHEI SEHNAM K& 44, 86umol
GHA/mg protein/ming o] 3 EEel
BERESES Wt 51.2%01a, Msikel Fadw
= BB EEEAM 23, 68umol GHA/mg
protein/ming @M #I ) 33.8%& o
el mittEe] =hAl el dl 4 55 RS 2
Ak,

5. dRuole HMAEKES miHe E@AdE
el Mol &£ 1.46, 0.44mmol/g FW
3 gl #3 d=Jol 8 i} 331.8%
RatEel dedslE 3.08, 0.35mmol/g
FWz mpgsol # 7l 905.9%2 Jeht i
Hol BAvo| M o 38 o g ez o
Bt

6. HHE  olvlx4Ale ML glutamine
synthetase #E <] glutamic acidr}, FiEe =
A& el Mol 4,879, 16.5992 &
ol #3k o)t 20 4% E FolE KE, B
godes el @mpEEol 13,221, 3.0212 &K
Hol #3 ol 238 o 430%E Wi e
glutamine synthetase #K & FIH=E= 2o
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