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Abstract 

This research was studied the factors effect on germinated rice glutamate decarboxylase 

(GAD) enzyme activity. GAD enzyme from germinated rice was extracted and acting as 

biocatalyst in bioconversion for GABA production reaction. GABA is a neurotransmitter, 

increased learning ability, antihypertension and help for relaxing. Western blotting technique 

using anti-GAD antibody for specify attached with GAD-protein in germinated rice. It was found, 

the expression of GAD protein in germinated rice higher than non germinated rice with 70.8 Kd. 

Optimum condition for GAD activity depend on glutamic concentration, temperature and pH. 

The highest activity was found at 3.42 Unit (umol/min) at 40 min, pH 6 with PLP coenzyme. 

Optimum condition of GAD enzyme activity was using as catalyst data for GABA 

production reaction in test tube. The amount of GABA was found 1.43 mg/g . Theses method 

provide GABA higher than those GABA which extract from germinated rice at 11.7 fold. 

This research provide useful GAD enzyme data will be applied in food and 

pharmaceutical industry. The consumer who interests consume germinated rice with high GABA 

content can be applied in daily life. 
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1.1 f111111ifiallID`a11111d1fitly11011101111 

10111113, f1V111,3J1111fa110flciltdr1 (glutamate decarboxylase; GAD) (EC 4.1.1.15) IlJ1-1 
10111,1411/1111`alihiltlafl?tilfIllfflIflIlt,'41111 (GABA) Tflfirlf150flV11371f1 (glutamic acid) 
1111?1179f1X1131 pyridoxal 5-phosphate (PLP) ifil-af11.0111,1f11.  
GAD 101-11,1fIllf il'91114,91M46')flfrilltpJ11-1fMNS21f111J111DIaliii'IOTTAT 614 Lifl:,1S1-11113(1 
(Komatsuzaki, et al., 2005) 

O 
	0 

HO' OH 
NH2 

 

0 

 

L-glutamic acid GABA 

 

CO, 

phi 1.1 015d111038161101L0141911111,9,0111,1111kliCIJDflifiarr (Enzyme database. 2009. "GABA 
structure "[online] .Availablehttp://www.brendaenzymes.info/index.php4?page=information/all_e  
nzymes.php4?e no=1.2.1.24 

f11111i11111-1NflN5M1011,01,11Talfll'341141-111 	t116,914Tuf1-113JM.,11014901-1 
illflOtgaitilon-il Gamma-Amino Butyric Acid ; GABA rifitlafIllilltin'ItISIV1111f1N10f1591 
02.,'13114tioilli19;M91DZSITTI (non-protein amino acid) fictiki8,tintliffillf115d1IDUctiltilitil 
y-carbon 111f1fl'ilill%'.,'Ddill 91-1/1111,i4 a-carbon 9151d1d45LSfJfl71 Gamma-Amino Butyric Acid 

411. f171Vffi5idaql rtquil 1.2 31f1111Jr113J17ilftfl1011-1171110 21V1121fla1.111,1MVill 203.7 °C 
411 ina;michni-m- 9Jninhn91lfluwirr11fmnroivilma2.1n  LiAmo.;iipiviaounia-)epll 
rfaioihlAnfIllinannunisNS9ia-misviTatniValr,i-rufmliTtniuTau  (Takahashi et al., 
2004; Komatsuzaki et al., 2005;2007; Su et al., 2003; Park and Oh, 2007; Siragusa et al., 2007; 
Aoki et al., 2003, Kono and Himeno, 2000; Shelp et al., 1999) 



O 
H2N 	

OH 

1.2 visit-me-11 GABA (Enzyme database. 2009. "GABA structure" [online]. 
Availablehttp://www.brendaenzymes.info/index.php4?page=information/allenzymes.php4?e  
no=1.2.1.24 

11
0  
i7liAl 1 	ATOOLPIA11:.,'61'541q,(11i1-1 111r111041101611df1111J4T11-111 ,cf.111111111'11110 

LMM15001.15aa-11 imilTurramanisiii4-nruolmniiotherii 

11101f1Y111 V111117 t111,1 f115130141=I1-111A41;9J1fl411 (Aoki et al.,2003). 
fl111161i11151',10Taillilff1419g1,11 11b'1-1 VNIV-15414 '10aqfi'111141-1114L80q i1710111-1f115 

nm-rviillfin5m6loaiii111-1g1-115,S1-1111fliftd 	414-aalt-T1dn15iflq 
ISF1L11111-1111 (Huang et al., 2007, Siragusa et al., 2007). rf11115f19hfltinifillfll5LiiflT5flillt 
19114 fnlitilli4111'fl15111,111OlVith t117 f1 ")19J1-11,60011041,9)19r11411 (Park and Oh, 2007) 

9htMAfl'3111i0flfil-Ja11111fial11161JIALLnnhtlY111131/514f1ThrliAt19Jfi1l1111141.1 (Siragusa et 
al., 2007) 140f191f11161i1510111,156171111fil L9i0111r(17?ItIfl91flq111Tillijf119J1q4)J11911/1flaOlfill 
1114 l'Iltilf11111 V(13J15tleiliiilf117111ALWSIJn1114 (Park and Oh, 2006) 

IAD191flfl11.419J5fItlifIlviDTUf111^19111J4&113J141141-11f14 411,157Uff44fIlIGN119,'NS91 

f111J1 tiviDti1417fiql3Jfl151fiqf111_11119' ,'9i8,981f7t1 GAD tall-Hifi] cA1,1$1‘414 f1-31.1f1111115FIRA 	44 
41419i19frmliAtt., 	 iiiiNaviafl151i14111t01L011199119ccml 
ninnwpfinN5AnmiliflAnanammiiL71h4m5  

adill5G19J GAD Laulcislichfluir-Jd14130-mi5iiiqrnIfirintiviul4villiritlif  frol 
luAiy minnTulinn uoqlinn uwAvIsnifin 11-1V1114510f1DLnal 

, (Komatsuzaki et al., 2007; Park and Oh, 2007; Siragusa et al., 2007; Aoki et al., 2003), 
lciaajrniejtorluctiet Liaflattdautallin (Takahashi et al., 2004; Komatsuzaki et al., 2005), 
11,16111401i1111A's9Dfl 1/111111V5149/13S 11181 Ltdfliif1LLOFffl (Komatsuzaki et al., 2005), L4f4D71 

11A1211; Monascus sp (Su et al., 2003; Park et al., 2007), Rhizopus, Aspergillus olyzae (Aoki et 
al., 2003; Kono and Himeno 2000) LIM.; 111111-1iird (Takahashi et al., 2004). 

2 



3 

tldind-niourojittA 
twitihriuitannvilallautwqt-iiimiyannnfromalFailimfu  
5miii1tirr1d69ii9V(601,0'W 'hill GADOfl 91f-1M A 19J1711f11 1'1 )flY'U Vf41ld lflfl2 

riA101M1419196111iNfliDfl15141111,111041,091913:111Vtio9in4-nrnaTI'ui 	rtimintillthtm 
518131116i1;141f111191itliiiiNndOMITT1111,111811,01,119S1IGAD 91f141T71fM11DflitIVIleflArtif 
11-11JUTV101/10 0f1111,1 f115VfiflUnliflrfillT,411013J1M11101 GAD fl' fi'mlfloilld81-111D1GlY1-) 
rfleJlANi115,M141-1 (Zhang, et al 2007) tin,l,T60191flMITItS11,113J1r013J111f1151/11111411D1 

4 1,01,416111f GAD 119111,91f1d111-11,1VWDytng1101^1'14411 (Saikura, et al., 1994) Ililf1711141111111711  
W,'401011141119felfITINM'ioninfiliwualtal41913nItirfillir'afiflODM111-1Df1010 	61011IJ 

114 400 	 19131 GAD 1144-rwriticauifilltIliffl 2 '6'  frh9a,Tilwtioulu 
f1151711,0141913.1GAD1111195111f117tililfiflIflifnranflq911ilflilltiflThlilltillaM"ffIllqflal 

1111ii01d9ntomi1591f1111(57011ci11d111 	iltlhitl11111r1D-Mirit11111,MALM,LITIAll 
fl5M5f115101160166A0113(41'3NSAf111111J1f1ficNI (ThltI.M,'flild,t 2550., Srisang, et al., 2011, 

Limure, et al., 2009, Komatsuzaki, et al., 2007, Saikura, et al., 1994) IAtiflinclI NSAIAZ,'61f11 
DOWAIDS1101FNillii5911517,411-72/1161 	tIlilliiiitid9n`fititl11111VIDT-glihNSOlf11111f110114VMW1 
11qflO1 	ti4D1,1111183jackwel-rwlitiulrnAlwillonnmiNlirlAlthhqn4199;thallifluaiiiil 

(Joye, et al, 2011) 
6I,M3F13,M111111-1 breakfast cereal (Lambert, et al., 2012) Ilh-141-1 

1.2 To91.11L'avivallfilln-n-Uvi 

(1) olialiirffinViir115JItV13Jdaf115141119-11101 GAD 1.0111911l1 fffiA11191fl9i11i110f1 
(2) 1,1110171%;tilffillTtilid1111J12,'Vflivi@fl179i0f1171/11111-PUD4 GAD IBUIGI111 1111411,11115 

NSVIfl11111141,MOWIMNIWJ191f19,A1111-414?1-Mil&I (bioconversion) 

1.3. ff111).;14211-111111a 

(1) V11111fIrftlflt01-11,15kffIV111114f114110fAhnlfl41-)14 
(2) lil'AfTld:110f1Waf1151,1TINDOflithild€1.1011,09.11911iflp113J1/1;lifili'IJOfl 



4 

(4) r(11111t11-11MMALV1111,T13J1Df111141,91146UDAL01-119S1.1f1WILY61f1151JaflcilMVI 
1.111172.,V141411-411111^M,171-E4DN5V1411f111J1trilliUK14110n7111111411.IfISVM11f117 
bioconversion I1lON1VIfl1111 

1.4 1101111191111194fEl 

(1) rmI1tanrmilain91a5 

(2) YWOlrft501,01-1419f1.1119,0111JY1k1fil0fliharf 9111411ilifil6410fl 

ill0f11141-37.1616,110f1 Iflritlf1111,1M11D01191011ihad GAD TW1141T1f11741 	Western 
blotting iiii0V111111111,1ZMD0f111011thil'Iliqt11115i146011011011JOgif111111' 

(3) 1/10fl0.1111rfilllniM411111A9it.JiliVIIMMJ0f1151411-1119101101-11911fflQ71113J144411011 

cififla till 117111ill91NtD141c1fif 1179J1t1161101611M9.1511 filpH ddfla quafigi 
(4) 1711VfillArlit8J-1f13J1111J51,11fl414FISOlf(15fl191111411flOWIMO1 (bioconversion) TWA; 

f150flVililf411f11541919)141,1fln51fl151r0111Witiliqt114tD1.,119faaiA14 
(5) 11J3011tilf1111171.11illfillIlif1149111fli5Li1116F13014"MD1119fIllOn111J117.114t1flillatiq 

1.5 115r,10111A1GYrili)111.111134Th 

(1) r111.115aiii1J411170410LathM1114 V114151fl15111,11J1111111.11fftflD1414 1 LIN 
(2) 111-ht1411111,M1.152.1S19fIlilIVIVk M1.111tlii9n7F1PM1115-71chililTotre141441?1/ 

(3) 40901714149g,'111111q1121119104fl154fIli1LDU liclflIfipiavihii'vanciharNia 



Non-enzyme-catalyzed 
reaction 	Transition state 

S = Substrates 
P = Products 

AGt 
Enzyme-catalyzed 
reaction 

2 

2.1 f11141M1.117101K1.1101-111511 

1,01419f91 (enzyme) A'D 4-)Lisni611301i1l1f1TVI (biological catalyst) i7119htlii,1116F3tillIiiii6051 
ni5trwe4FritngiiimJ5nniu 106 t15 1012 all iflEJ9nri111111c11flWIAIA'1111.1fl1411( G)114M5 
LrlAilh71301iiiiflqM 11111 2.1 FrAiliovingram'Aillislood141mnitaulcicauffuliJ56'1411 
IhtnisILMnI31.1q3J1i6F3UTY111iTfi31 (biocatalyst) ~1tflG191Ldt11FJ~1d515fl1t1`Ue~S 59J ]f Jul  

Progress of reaction 

11.1il 2.1 fl111113011117161JIngillfiTIAIA'1111-16=1101141301171101.419fil(t 11115:,' ...... ..) 

laitutelcinAcaltistilVitii (tem& 

triainaldniiifrimiimin9la;91ioqii3oirsunn 
1. 1111D191fIlD14191119 `<t',L 8DflitinIgf1301t5i1JI1J0f0110,1f117ille111140fT11V(10151/1 (substrate) 

411,11130fllitAiril llfAttliQq,1119-1flt)f11119 (lock-and-key) ?111115t1 

E + S 	 ES (fflif11517 1) 

ES 	 E 	 (ffllfllIfi 2) 

fll5d11.16643011101)D1119f31%;i1fl171-33.41614T04 tO1-119f31"-V11591:41,1 (ES) (Valfl15 1) 
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tliM441,191014cltfqd1,114L11 lAfliSrM109119J01 ES lfAiDlillfh-dlindt-M1011,01,11911iLLM 
, 

N5V1ilvill ,11111,4lfl15 2) U109109141 111444f/1 2 111111161T14611111,106V151 

2.2 llialtikInd0fl15d.11.1hillf.J111011a1-111111 

69111f1')11.111TVOTLIhii7EncritrdllqW01-11TallOdfilA9641:a 

(1) f11111143141-4 91OAX11A1 G1111 [S] 

111014113. 111illi01419filf111711 LIAjwiatri 	riniartfiarlia10111514111A1161 	691511,1TUO1 

qii7tnalwilmtit.1410615'3q1,1111,1i111.17fll Wl-IflInklicAlifillM19151141,1TlIt1112411111711 

6o511-ruDliJghitn9,11iLiAluifu f111111,41,4119104 

611M01111i111i10151LIVAA (V..) 1,3fltlf1"319J1913,141,169JVITUD461JVW151/1 6111151JP11 K. 

(Michaelis constant) ilfillYilfillf11111,913J4149101iii1r1L9151/1V.11116915-11111.#1.1414 (V) 	V.ax/2 

4411M1111,111.111 2.2 

VM215C 

vi  

1110 2.2 f11116LTT145:11i111173J1tif11111141,4116U0liPLVII9151/1=50911115115JAv  LI 

(2) f1111119 i1.1414110,1101-111131 [E] 

fil5dlilhilir..119101101119fifT,',11fl11511Jvi')6119101 1.01-119Sii-r115LI14 (ES) 605111 
Talfl15610116F130111140cifillf1151f1.161,191D1ILIMV if419nfliticalindwilaifiwitutoultiiiiviTa 

rrialkanfriu tililrflli141.11101fAithl d9Jaiiiun-n3Jt49J91u1Jallaul9s9fi911d6raltvi-m,14114 
6o1-115-yibiiii'LibIlhilli 2 ail lia031f1110119J1J71J1t1110111'1fIliD111Lt001 6Allfl111,11911Jaf13111 

fiamlifill4151:,T1154411L111111A11111114lfild'Altiqfl151f101Jarit1114 

4 141,1611 r( 15 	1-11,10t11 kill 11 44301141,`11.4 3 5a;1J:,' flO 5,'M',."114  1 6V15114")9101116t130411,IhfiTl4 
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5vJaii 2 6o11111-nonFrio-Hiummlictiminiffultu 
lz;orii 3 O'mitl -A119,o6'ani-Sifniutsihnivth'Ini-rualrnalh 

muil691511-39,Aqwualqii3oltnilvnlanit-aflomlf-Tutniugullirualtal419a tim‘,14f151141 
1:1111649151 41111112.3 

aloilfinoitrAframit'Aijah6uoliurrio51/ 

1466 14161 (u) 'uoltoulGni 

(90 6 lig) Atm& 

	

enzyme 
	(E} 

concentrati. 

VII 2.3 fn1116111/IIII51,11i111139.11flif111111113J111411D1L0'W19131[E] fili6V151LITUDlirdfri01 

(3) Q,1511111j8J 

toulcialTgovicaliJ&IINITualilaiTiol9nciAiatutiorc6gvol,131 

fril 40 °C 6Allfl171f1W1.1fir1301131JflOfll 1,110491fl101-11911:11EM?fflTVIE511J11101 (11111 2.4 a) 

OflINIIL01119S1111'311 thermophile bacteria iin-11115f1viDW)13Jf aul4r11n -ilioulcisa-)111 ?f111150 

	

11141a~G1G1dd91~t1d11119J 4f11 50-85°C 	(VA 2.4 a) IL9illdillfil0f11411fliqt1Illiclijiiilliflail 

glilT1111151(111111611011B1,119filailfill 37.5 °C (1111 2.4 b) 

(a) 

Human 	Thermophile 

10 
	

37 
	

50 

2.4 f11111611thli'Ir,Viillqt1111/p1LIA?,..,'601511,1'31,19J911,1EUDIT671361 

High 

Enzyme 
Activ ty 

Low 



cholinesterase 

s;  

Co  

8 

(4) fIgI1NIf150-111f1 (PH) 

pH liNfliDf11114141WHILM,119f111,115-M fil pH 141113(11911114111M1f1W1D2:inti1J7r3tUtil 

11011,01119alalcdv:mil'hulil villnrovionlvv11111111D1LDUITAIL1764'1411110flqN14 

1401191fliftil pH r,(111TD611.1111 019141M01-1 419filLS'OffilliA15571J951FrUDIIMIV111114 pH ii11141 
14691511111011Jaflitllq,949atlfril pH ii1113J1`.",'ff3JOiD1111941,111111D41.0141,1fIl (optimum pH) ,154,9 
t0111,1S311Wift'`Ifeadfil pH c11111111,‘,'V(11 (pH optimum) 	41L1M1,911-114 2.5 

pH and enzyme activity 

6 	8 	10 

pH 

re
la

tiv
e  

ac
tiv

ity
  

pepsin pepsin 

2 	4 	6 	 4 	6 	8 
pH 	 pH 

VIA 2.5 pH ii11111-12:TIIJIM1LD11119f319fIlill 

([online] .Availablehttp ://employees.csbsju. edu/hjakubowski/classes/ch3  3 l/transk 
on.html) 

2.3 nil&verartanzilcrualinalondi 

LovIcinflinitynlais'aoraiiiirrtontaliJ4f17oliidliqualcuilukm LOVI (-ase) 4111110 

'40i1JVW151/1 Lill LD1119sa.kliiorolgurciovvitilliciati ylivaiiiii1116R3Hinintunrmiohnil 

ilvitilefurrim71411015Vmunlillici114 taul,faiilfl1111ACJIILLIJfll'UOlff151.14n1 

Ala 	 AllJA141.1 LD1-1191111.111ii1911440AllnianUlitiLil L9fH 61 flii'van 
iLflrf 	 tautiGni'dniuTtannil'4D4111114hum 

51,1111 Lill L1Allicif1-1 (pepsin) 1/131.1i11 (trypsin) 	 (chymotrypsin) 
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41111,1flillnlISLIlif1151,0141,1f911411-11911ii (International Enzyme Comission ; IEC) 

tifFiFlif101,1.M113(11110MIl01.419fliAtJTaik) IqUIT151TM9110.5f1%tlilltlillallIclial,111flfl4 

(class) 	V1116f111ild:-'f11111 	 cilltliM,1141,16,11,11i1DDniflunuriau (subclass) 

olimJno)viDo9aiivaiimmrualoilial 	Lim,-51Trwroloi-moifit117{1%.11111061iIIVIASY19101 
l01-11,1f11061M1,0041-1l'11-1\-161109119J5,1111 (systematic name) 11011M11'1S li' t,'ll'OfItilirlir119151/1 

ifilfitn401 um-,6flutlaerifitii,Tonlahlui 

GY 	1115144010111953191-1115:11.11191011,01419f3.11115'11J6firmwillflIfirrify ATP 44 

rrlif1151711 91f117t11001111;11A10911,14911f1 ATP (B)14f11iflifirr (A) 14 D-glucose-6-phosphate (C) 

D — Glucose + ATP 	>D — Glucose — 6 — phosphate + ADP 

(A) 	(B) 	 (C) 
11] 	o',4 	i 	 9/ 	161 	I 	 ■=1 011414 1014 l cIfilY115111f15011-1 	runqu 2 (transferase) 1.19f0W1115nJ1J'il 	flQIFIVr 

lAID?filA11/1511.141,1AIDl1r1 (ATP : glucose phosphotransferase)L1,1151Trf EC number J1 2.7.1.1 

1 LM14409181f19:11 (class) 11111ULM 2 fID LD1,11,11aff14111/1111-14trIDOTI 

2 r1111M11101fl411tiOrl (subclass) 11111ULM 7 11111M1,9 fi1StiltAlijr1OVIAVI 

3 illfrillitlifl919104111):tiM111,1f143JdOtl (sub-subclass) 11:114t1rfq111311-1911511 

ifA4143J1t1M91 1 111110tTlf117610113,101DffrIAIVIcirrilild050f191A1,d("ITIJ (acceptor) 

611101H1 4 4141fl9111,ffflIf11114111AllallD1101419f1144111J1flln 1 'HIM& fiannik,irlarrtrlo 

D — 	riluoilTii (phosphate group acceptor) 

10t1 M5111,11i5t1111/191011M41911.1100r119i1W11511171 2.1 

iminiAlninvueAtall101131 

911514Y1 2.1 alt1d5r,inyruallaullillitnntehlini1141dhinul 

divinvuo,itatehni 

11911 1 : Oxidoreductase 

f19:11 2 : Transferase 

fl43.1 3 : Hydrolase 

f14114 : Lyase 

114115 : Isomerase 

f1411 6 : Lygase 

1,111aii7t110Dflit91`itt - apflit919711 

Lislqiciflifl11111101,111 amino, acyl phosphate, C-atom, glycosyl 

LiAlMnfilf1151191111TIAM,'6U01 C-0, C-N, 0-P, C-S Ifltlij1111911S111 

III0f117111el CO2, NH3, H70 

Li111611701fl151,1J&11.1 isomer 

dilqtlitnni5vtpanialinaga 2 11.1iMpi11-41tlflii 



n 
— 

intanlate 
NH3 	 D etnrb oyyla,As. 

GLutantate 

Cita., 
y-A 	utyn c acid GABA 

10 

DO 1 : Oxidoreductase :101-11G1S3111,1flq111-19nIllIfltil oxidation - reduction 

NADH + H +  
I ,.  NA D+  OH 0‘.,  

C/H 	it  
I 	edcohnl 	I

CH2 
 

CH3 	dehydrogen 4.1 	CH 3 

irdT1301f11111]&111 acetaldehyde LM1 ethanol IMJID111911111.-111q,1111V1,'il NAD1-12, 

FADH, Lq.1111411D111c1fif 

f19:11 2 : Transferase101419f31110011%nillianulni161(11-Rj amino, acyl phosphate, C-atom, 

glycosyl 014-30t11,111141 116F1301fl15111t1119,i amino IlD1115q&,̀,1111-1i1V111,11T111114611i1Drfifli91Y1 

111113Ij oxaloacetate TO0f1151i1/101101,11,1f LI Aspartate transferase (AST) 
OH 

	

0-6 	 OH 

	

1 	 OH 	 OH 	 0=C 
HC-NH2 	o=o 	 0-6 	0=0 

	

H2 	CH2 	AST  
+ 

	

	 1 	 1 i 
0=C 	 C-NH2 + 	CH2  

	

CH2 	 1 	 CH2 	 CH2  
0=9 	 0"-="  

0=9 

	

OH 	 OH 
0=9 

OH 	 OH 

	

glutamate 	 oxaloacetate 	 a spa rtate 	 ce-ketoglutarate 

t19:11 3 : Hydrolase 1D141‘110111141AWni111611301111511rolfliflanDs9 C-0, C-N, O-P, C-S 

11111 qii3t11f111 do viiirn; C-0 '11D1TIJMtp tri-acyl glycerol 14141114 1,2 diacylglyceroll,M,`,', 

fatty acid 1. 00f1171,1'111D41,01-119fINIllff 

	

0 	 0 

	

II 	 li H2C — 0 —C --R1 	1-12C-0 —C—Ri 

1  

	

ii 	.O  _____,,H20 	„ 1 	
0 
ii 

 
il HO-0-0-1v∎■  FIC-0 —C —R2 + -0 — C — R3 

0 
II H2C — 0 —C — R3 	H2C —OH 

triacylglycerol 	1,2-cliacylglycerol 	fatty acid 

f14314 : Lyase: ID1,119fi111,1fld/TrItnilirdf1301f1171;11J 1,1110f115610 CO„ NH3, H,0 	11'4'6301 

fl11111A014f150f19.91111fltf11411111111h1 1,01419135f19,91111,1T1ait115118flihnrf 
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f143.15 : Isomerase: LD1-119ffillIf19:111191'LiTdfilt111111Luatill isomer vihi Cis-Trans 

II II I  
O —CHHC7-011 

, 	 \ 	

I. \  

' .. I .1: •-' 	H  \ \H. 	.04., OH  

I' 
OH H 

p 

f143.1 6 : Lygase: 101119f3.111A19:1Jihnilllafl?tilfl1514S0119iDilllflfp 2 ILIMtptql'l 

4-1061-1 IM1014t1116,91-11,N1f1 ATP igt1101-119f1M11,11114i11-1flllifTL'fllIfirJ4-H1,3111111/1rf 

(syntheses) ii1,1 Iiarlitlffil11;1.1f41,101419MDt119Afti111111V1914)191A100119nIaDAISM 

COON 	 COON  
C=0 + CO2 + ATP --■ 9+ ADP + Pi 

CH CH3 	Pyruvate syntheses 	
2 

 

2.4 101-111131f1V11111Till f114110fliliDff 

1DIfkilif19,91111.11/kli'110flifI MV141D01.-1fl43J 4 tleJ Lyases LiMil subclass 15110"A5 

efiudilf,r4.1Yanliiiiitffil EC number LIU EC 4.1.1.15 

EC 4 - Lyases 

EC 4.1 - Carbon-Carbon Lyases 

EC 4.1.1 - Carboxy-Lyases 

EC 4.1.1.15 - Glutamate decarboxylase 

triarffioLaulnifiviaAtilivanihnnirmilluantim3qvii 1/11-i1111-1101-11911iiiii 

111110 40 kd11W,4J'61;11 pH clitvimaTraityiitiu 5.8 qt-uvulficiLIIIM'ffIJAID 40°C t11 Km eflYITIJfl15 

14115911119111111 11=f11514 PLP 1fillifILD1119191 	32.3 mM LIM', 1.7 1 M, 9113.M11'11 (Zhang 

et al., 2007). illOd1117110113ADV601.1101JTOTIRMp1101101,119131f19,01111.14fililiDafMa 

eillthili979.11J145101-11.4fIllii't1111J1711 76 Kd (Akama and Takaiwa, 2007). Lin'W1f11115rffiql1M.,1111 

014 11;1-1 Adav91-yytmdLthivimuttNpual 

00H 
iNno 	 oontiaozdmi 



12 

IBI-11911.1n1111-110 256 and 120 Kd form, IMtSlf16110541117111i'lde1lAliri1316ULIN1 310 Kd (Inatomi 

and Slaughter, 1975) n'31.0.01-119flif19,01111111'kli'll0flilldffillit0111a91flilflYIDIN1410 58 Kd 

(Matsumoto et al., 1986) 

Dt;1115f191111 fllSillii911511A0lial-diTalf19,V1111114ifilldvatlihdri (activity) 1170 

li1111,11101L01.61511"  Llidvavai fl.ff 1964 Iqt1 Bautista S1D1.11 Saikura et al, 1994 1A1161101-11,9fif 

isiThfilifituronT6'fulution9iilfivolurnuiuitasrfil 

41-1NS1n11J1l41131J1t111J1n 	cailtimulli111112lta11l9f1inqvilillalf115dilDfliMVIP111114141114 
flSl12a1111J11f1SG1 	 lfillilif1151/T0114105t1171-1111510f14101C-311,MuiLm; 

NEoniviluiRantuuindiaimulfuo111151V(31.1411/111Aliddf,110161-1I5f1f11 11.1414TM391q1 
(Ohtsubo et al., 2005; Saikura et al., 1994; Komatsuzaki et at, 2007) 

1110141411910111911.1f19,91111.114411i/110flitnif1f1flri5d14, Akama and Takaiwa, (2007) 

14111111 eDNA 9-1 f1411iiiirmlaaniffuL009511"t19,01111114t1li110flill taFf 	1e01119 311/1/4154 

rflifl5f111111141111 2 laI9s19sli 	OsGAD1 111 OsGAD2 4111AMillfitlitilf1.101101 

11500,11I1174148141.1”,',flDIJ I41t1 OsGAD1 iftat 1.15,'',flD1111.141t1 calcium calmodulin 

(CaMBD) VI1J51 Jtld C-terminal 11131B1,111"11141f111a110fil'0611-1 luttuail OsGAD2 	CaMBD 

114D14115:-m1J 	 exon/intron 

ihiirmsinuanu&thoihio 
mi14 15 f191111, Akama et al, (2001) rlililL014191i1119filltIrafalJOafiar(114413 13.1 

CaMBD i711131-1f11 C-terminus WsliOtf111 OsGAD2 LIMV(11115tUill.1:6713t11f115TIJAnIflIqf19.911 

1111101,111111165LLV41.11-111.1ii 2.6 

0 

NH2 

L-glu 

0 
IJ O  
"OH 	  H 2 

GABA 

OHO 
CO2  

5911 2.6 1.1 6F130101511.1&11-1f11011Q911i3f11111f11-1111111(GenomeNet Database Resources. 

"Glutamate decarboxylase". 2009. [online]. Available 

http://www.aenornejp/dhgetbin/www_bget?K00823±2.6.1.19-FR01648 
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2.5 f11111610.1110.9D19J1 

f115111111,1Villilli1146111'311A1101131f1T10141,0iDt1151J71/1f1 iit1915-11111flijfiD C41-19N0, 
f1111-111NSM1f1f1SnInifnilfili'lJDflitflill (decarboxylation) 611D4fl50fl9,91111fl 9111111fM11111 
9) 	9) 

1111911-1 	filimaAinulYleflfitttlimi7iiivaiiitlIV150D115tV11111111a,'IJ11115:',?(TV1fll-lflffll 

1,1 Df19111cifIlUltisIt101`1101154D1In'Vr111115nirlf1V11761.41 	(inhibitor neurotransmitter 

IqU9VVIT/fehirliTfiWirM9P11MDlifilliglinlIn541,1 911410f11114)MallfiffillrialitialOLLMJ' 

_I/ 	 _9) ,; 1-10141161.1WIJ1(1 '611Tiltis91411,11.-11T1Int1115911-19)01-11iiiiD (anterior pituitary) 9S11111,1111YINI10 

ffDn111-1171;9h(1111f115193i111F1IJI91 (HGH) 1P1111TIfiqfllIff5111110LUD 1[111111W13J111D1tN11115 
3) 	-3± 	_9 1) 9,  

(lipotropic) i14,11fIllff1511Olfillf115MV11191171,1 
9) 110111flf111119)1t1flflalfl176a1,95111Di( 	112.,'flDfl-d19J1f(0/J1101VIJOALLM,'111flainl 

ihiNturoyaii9ipol- uaypOrrs-, 
Tf11,111. 5f11&_1"36111n111115,`,','VITVId119 Mit1I7f1 Lit! 	 1181401111)1169J 

■1.,  413'  cf 

(Mall 1/141-1011J(Ofillii"(1411-1qtilllAril n11 ]nrnNlIJrn1 

1_152;f101J4X1111111i1PM9)"RMO LDL (Low-density Lipoprotein) ilt1d0f1-11141-11'dciA 

flW1Jf111tt1 YI1l31W2YVSS8111 AnD0914141111TqlifILF;(1161=1111111V11Ylrf1/211flall 1E`N1111)1Fifl 

f1111179"iff1kliflalt1 aof1-31119111flitM Inni111*101-11161416 (Ohtsubo et al., 2005; Saikura et 

aL, 1994; Komatsuzaki et al., 2007) 

2.6 111I1,1.1111111113J9111.1aa41.11101f11.11 

flIVITIJ1111Allffill119,111/11flfs9111111111-111fflilfltlf1911111111111A )71017r(SomuiL1anin 

-COO 910,911M10°Al9Jfl 14fIli'liD1-11qD0111914 (decarboxylation) 

LLM,M11)11111ii12111910119f1111AM1rfil9J tinjumui91.111111rilailiinaul4o 
GABA transporter 91f1114f11119n1JM ,1111 1A 

11  succinic semialdehyde (SSA) Ltaf, V11111211t19,t' 

11)&11-11& succinate 140 4-hydroxybutyrate (GHB) TotriTuil (Sheip et al., 1999; Bouche and 

Fromm, 2004)''11.1rffl111111.1"11 2.7 (Shell) et al., 1999) 	111511)&114111M19112J1I1141-114n111111 

tilln11111Tar11/111016A911tillnilihrallf11D4010fl 1161 Arabidopsis thaliana (Palanivelu 

et al., 2003) 

fl-11M2.3131J9J31.11i110615"101111flailf111f1141,d1)1(1-1? biotic ttfla abiotic (Kinnersley 

and Turano 2000) LIM,'''Vf ,'ff1.1111119f11,111.1111J1J 6110 ,9111110111171.15`=11/111.11417191-1 (Kato- 

Noguchi and Ohashi, 2005; Fait et al., 2006; Reggina et al., 2000; Bouche' et al., 2003a; 2003b 



Succ A 

SSA 	 26G)4.  
t 

GABA 	 Glu 

1 t 

GABA < 	 Glu 

Mitochondrion 
is 

14 

110 f191f11.4 f15,1111.111151,1191111DScillilltlflfl541,14-mufflIvillonnunlmlaulmJunicni llflv  
d 

t11'111.1f11_1115/Jial 	1051,911 (Fait et al., 2005; Allan and Shelp, 2006; Masclaux-Daubresse, 

2002) 

(a) 	 (b) 
( 	

u-Keto acid 
Cytosol  	 z 	

NAG 	Transaminase 0 0 	 + H+ 	
Dehydrogenase 	— NADH+Ii  

Glutamate 	 NH, 
decarboxylase 

	

,Ammobutwate 	Amino acid 	Isocitrate 
HO \ / \v^ NH,' (GAGA) 

	

a-Ketoglutarate 	  (A Ketoglutarate 

GABA: 
a-ketoglutarate 
transaminase 

• Glutamate 
	

Alanine 

Ho , 
0 	 NAD- 

Succinic semialdehyde 	 

NADH + 

361 2.7 ii41111011110Mh1f1151fIff11111TOUTT111.1 (a) L119111JOSCAD1f11111V11401J1ElltIlliii611 

(b) E01-114f1.4146101401tiliiii11.19111Jaill.11101111111I069.ncallaall (Shelp et al., 1999; Bouche et 

al., 2003a;2003b). 

2.7 10141e1ildli1llifilliNfil1111G111.10a41111011111.11 

11,10111DS41.11101f111111ili tlrilD1611W1,119fIS 3 9fldGl flfl 119,9111,1J116'flliiilDflcifMff, GABA 

transaminase (GABA-T) 	succinic semialdehyde dehydrogenase (SSADH), respectively. (Ill 

111.9b) (Shelp et al., 1999) fl15115111flildri9Jilvittan4119f1151/1111-111D11,01-11,14171,1 3 9ft-N1149`.t.' 

Ihr_11IfflnItillfMlflMSM111.11U (211A 2.7) 

11.419flovmmaihnalithrvi-fhl 	triflu (Nicotiana tabacum) W',.S.1f1-1511JACJI-M111 

flq011r1flifilif11111Iqt1LOV119111'flq9111,111/;411i'llOatnrf 419,f1f1')1Jf19JIM Ca'+ calmodulin 

binding domain (CaMBD), (Snedden and Fromm, 2001) f115L1tlfl calmodulin-binding domain 

af1111Y1111t9J&11-1 It151rff11611011B1-11913:1,1An115193f1p0141.101qUPWLIf1FI(Fernie et al., 

2001). 

101-119flJ GABA-T t7NM"11.115t114 pyruvate (Pyr) 117D 2-oxoglutarate (20G) iN,1 amino 

acid acceptor 11101-11 9:,'11JAM,191f1 GABA 1`114 SSA (2111 2.8) till3Df114 Pyr wAlialanine (Ala) 

1111NSOliTt114, 119itilLSDfl 20G 9f,blaflIflf1V11371f1039,V1'fl5qflpu011ilflfl6111'111411-17f11111A1110 

Glutamate 
NH, 

Fyrtivate 

GABA: 
pyruvate 

transaminase GABA 	 Krebs 
shunt 	 cycle 

Succrnyl-CoA 

Some 
semialdehyde 

dehydrogenase 
Succinate 
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S971.1111&11,414f111.1AflfIll(Fernie et al., 2001; Geigenberger and Stitt, 1993) `4111.11.0115i1f1111 

romalriklillf111J111-113JIM10111A3UviD1133J1t1PUD4115flf1V111lfl 4,111ff0,111-111.1ill 2.8. 

Cytosol 
Mitochondrion 

Pyr 	  Ala 
GABA 	SSA —0- Succ 

1 
20G -4( 	 G I u 

7d51 2.8 iiii1JMIJORcif9111101111111171111111113J1T1f101-11010 (Fernie et a1.,2001) 

2.8 flI111J11-1011.10f1116.11(11 

9111f1-154f1111/11,1111(1111111(anilliNfiN011.1J&41-) 	rnyilialofvythnou4-)o 

"i1J6011111.11Afl" 1170 "tif1M_I" (Hull Vila Husk) cltl9t,111J41-1flNal 

olaDitoi,G) 

"firlflt,'" (Germ 140 Embryo) tuNni)dau tll  

1d1~L)Sl`I11111dc1ae~fJ 111 111 JG1~e~3Jw11YP8Jldcfl9J '31-1179)9,1,9341,1i111A1,9111141,1davUl 

lIeflfl9lfl1tEJ.1lJ "51`U1 J" otailIJI11h) 	"tIJAMH11111" lila "tuhlinvi5" 

(Endosperm) V11501141511-11a91411111-11.1U,'flOIJ4X1 f115911.11 El(915MM-IVh1-11.152.,'fla11116f1 

IIJ5F11-1 	 9V11111A UM.,115519:1171110011.1001-1ri'31-19ful Ilal(1.1&141") 110fl91flthil1ArLI 

r(15D-111151J5nall ITirl-1,12;11A1U14111i14111111fhlfillill 

iitaiu3IfinlunT-Aav 
A3) 	.3) A f1511-31-111154 '0 f11101411131191f1f1151TUT)V19f1114111qt11111/11.11104)ntTfIllia,l'ilaflfli1191-1 

'''  
5 1111111Jfl5V1")111l5(11MULLI J NYIllilLflii1110

9 
1ILIJd flitanii91fl15rISAV(15rha

.2.,
a pl

A 
011

1 
11011115 

11161.14116014 41l111 fl52.,1M1111518fl92.1311911,191f1f1151111.11041 VJ51fl Lifl2,11.dflla8111.11 alttero,i 
luldil 2.9 
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Icorlai  

211";1' 2.9 f11510 fl'UOTIY1') (1) coleoptiles (2) Phophyll ( 3) Coleorhiza ( Smith and Dilday, 2003) 

lutuAoihritliallUlfln151fliflOfiOld 
c 	 I 	 a A I:A 
111ME119'DOMJ1fl014 11111141WA11111,1■111a,119fYlLtirtflIn51J1tUODflit91.11113DDd1700 (Takahashi 

et al, 1995) 

41T110 0d11-1r1fillntilf115497t1119111b1 9din1511151,11uutnialqii?unilliltoll 
9t,'fl5,`,41.1113(1,0111,9S91111011-11,11AW1111'llf101115111,111,1 iflOLIJAq41")61.110f1 (malting) dl5D111171711  

91.41,rwiMM1511111f11/1 

flli1111.0i0591iliniJIAfplAflal (oligosaccharide) 111911fl (reducing sugar) 11W,5 F115;11,1/11011.4 

1,11q4-11A92,1intioulittioLilLinlqoilIcw n111'11/14 	 nhi fl1I11 

114f15VLITLIf1151Dfl'UO,9411a11115ffillill4r114 3 5:.,111 51,11711 1: 52:,11:',1J")111.11, 2: S'‘',.,'M'1115 

tilAtrunlamoluaScilli r114 flli1111gW15911110-ruaScilu, 3: 5,t0.f,0151,9341110151ffitanaq Ion 
ii1115,ttmii 1 	3 111 tr,I,f199)ihnkTdrl-n4t4041Jia9UMAT1-11143T1f) lyt tu Tunnii 2 

%1,noniq9JIounfirr (aanci3twu o151Jo11l4 oat119f4 LLW,:tavall), FID511J11 51111f41,01119saf 

141V,11f1f1541-1111fl111521fltlf15. 111TIA1115111:6041.411,152,'Willf11510fl1111114 2 fl51-11")14015146f1 

(1) n1Lirrtiniulaurramid5gli 

11.1AO'UillijWill'IllITIV111111f1d00115i111-1 (proteolytic enzyme) nfillIdltnfii0 1.11161fil0 

OfillALIAlliT)17116111ilan LU 	IoniaulTairrmin 
tionIthhiviu AA4yrdenamneri vrannirtillAf.114 3 flo:11 AllIt11111111^11;:tillellIV(1591T1 

A10 f143J (1) endopeptidases: 4,99:',OTWIATIMil;q1/1101-ifflUGUDAhall11134_1141111.111/141114191LAfl 
I A 

flq3Jill (2) aminopeptidases: ,̀,'9?101^11,1n,"UDAIT1111111h104"1.41111111A1,1f159101,411-1itil'UldlqiNfl 

n1.1 (3) carboxypeptidases: 
. A A 100011V11-191f11M10 	carboxyl 	group 	cuan9inirtiliitaul9S11flq11011Yltilff1419 
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2) 
hydrolyzing enzymes, ill%q1A1ATLIV.'110111.11J111411411111 Lill peptide hydrolases (Kigel and 

Galili, 2003) 

1101114f115ii0iiefruimuiriiiihiluf6miluivuirrtilidusuon'T)9,11ntiaolqo 

1014191111.1”1Larr 141,11,11.115Fluvrioral 11591024N ILM5V115-1,112',flDIJTVVH11011J4 (Kigel and 

Galili, 2003; Horikochi and Morita, 1982). ;110,f1.91,911.191111Ail 1.4 41-1d011110166)129a197 

NS91fitl,ral,491f11115tia01thil1141.11d4 	 (Kigel and Galili, 

2003). 
wA A 

1,01119511111f101119)  
01611fl116'41f1514115flOn11148119 11-11,1Wilf116110fliltiri-)umn92.; 

it4 glutaminase 11ft' asparaginase 

1.01.119SiAllAnfl&VIAIIJIWIAJOill f1161,9011LLW,',fl159/11111,14161110001.-16U01 K (Sodek et al., 

1980). 101,11G1faktIdiff9Vvillnlb1M5's111151.1aWddD0 NH+4  00f191f1 asparagines 1. 001,D141911.1 

asparaginasetiM,'191 NH+4 1/111111`171ihtf15-12.,41”Milhalall 

q1141111-1f15n111,M1510frUNIAliNV,10911114f1151(11,1111109n-ilifliliIflfl 

LidalTlfil.M-1-111171;311.15Tot Iftla2SA5z:Ftrit-millun-litinntiAiurn5oit-TisuwAlqipi-rualqh-) 
(Park and Oh, 2006;2007; Komatsuzaki et al., 2005;2007) 

2.2 fl151JA0140,11fls11J33J1t11110,9fl5I1011-ILLMV15115n111/11013J41115nrils91115,90fl 

Amino acid Time of germination in days ( mg/g) 

0 1 2 3 

Alanine 5 30 80 220 

Threonine 5 20 40 190 

Leucine 20 20 60 280 

Serine 30 30 60 250 

GABA" 5 5 15 25 

Lysine 15 5 20 40 

Tryptophan 5 5 2 

Glutathione 10 0 0 20 

Aspartic acid 40 35 35 40 

Glutamic acid 60 80 110 160 

Asparagine 30 40 60 240 

Glutamine 60 40 360 700 
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11011911M Horikoshi and Morita, (1982) 141'W1111fl1711161 011111.1M113111tUIthil111.0111-11,1 

1111,t Willf11510116110•14-11 Iq0141.T1f11741 Sodium Dodecyl Sulphate-Polycrylamide Gel 

Electrophoresis (SDS-PAGE) 3iA91111V11111111l011111;f1X1)11A01.11111fl111.191flI1J1;11411111-licri 

'Ulan IfloREualutivii1561ainqhliilant4mlatin-ii411171;10f1 

Panatda et al., (2010) 144141/11.14W,JAMIliff1-111 Horikoshi and Morita, (1982) '1114 

ILM117.111,111.11101I111hil4 Vf6M111911-1i111.11011 (11N1;  2. 10a) illifillli10116111115611firffi'Mlfl 

llilllictl5F1111311111011111a19111fl151DfaInnalW1 30 

-11-1l'',11.1.V10111.1111ii 2. 10 

104.3 

94.6 

51.6 

36.8 

28.5 

(a) 	 (b) 

1-ull 2.10 111L111111101111411110141-11111all'illfl1510t1I1J7?111d91d1116,191flflInntlfl111D11 

(Panatda et al, 2010) 

tItilq9111(0111c1fifilfl 

1172:,'411(1AM5ti0011J16%-lflaltll111flIgO2 1111 	LIM,1114VIII9511flffl,19fildli 	(secondary 

metabolite) 	I117;111117W1111111M,ff15111a1011111'111111D1W
e  

11,1W1111
q  
IIIVIIillfl17, 0f1 

(2) flif,1111111110T.011110,1111A141102.11013101111L'Ilillf111.10fl 

ueaf191fl1Euiti4I115;iu92;doailcorwilln171antLS') li116%tum'ernii5nau4u 

'11.11711=31141115M,115fl6U0s1fl17,10fl '1'ILLVIM11-121.1ii 2.11 1.131111111.115;14116^111611111111;11 

111-110 10-76 kd 111111121 15 	11K191flf1151Dflili 4-6 511, 11M;lif.117f11,T11.0filli11111411-14 

7V1:3-1a1111110f1 45 iv (Yamagata et al., 1982) 
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78k- 

57k- 

37-398( 

28k-
22-23k 

188- 
13k- 

A 	4 5 6 7 8 9 10 11 12 45 DAP 

57A;  2.11 fIlInV1111101V11511511D111141. 9151.91.1 19f1d 11)519-1 LLM:10 11.141111Dllifl1V11131.15n161.9 

fllIA0f161101q1'1") (Yamagata et al., 1982). 

1,10f1T1f1LIfISZ,'Ini-lf11510fl9af11MdiM151.15flOIJiirilnalu4 

GABA,'y-methylene glutamic acid, beta-pyrazol-l-alanine, lathyrine LIM,'Vr11111:4161141 Clibnall, 

(1939) 14f1d1Til 1,16sH1flcillh'ktifeltiOt41-111500,tillit 01fliftlf110ftilllanflOf15V111111115 

oxidative deamination TI-1141F41r1151J5n1D9J1711f11D11.149fiNvilltill 

2.9 rntlfiflniiiioninnilvi-mnivaltatablifalfIV1111.1116'f1141.1anciltna !Aar, GAD protein 

2.9.1 Liquid Chromatrography (HPLC) 

f1154%11-11f1151`11HPLCilhifl91111flilY11111111011D1119SIfflp111.11,16'faliDfliMr1 

1110191fla11115iliA9111JFISAtitlicvisUOALD1419DITtiflill'Unquo5lrao6ity) 

lii_191011f1171VIirJ9JIMMIT149181-1 lit1V101-1115f1131Alflfl15MJa15411411, 1i14111A10i.  pH ilivam'rrii, 

cofactor (IM",', PLP 1,6141-19) UM,101119511" 14114")661.411-11,MOMWD1 ttanidDolitaill9511 

ilii'463(nfri5nJA(Jud-nilhiffur,(Sva-Tarviii(3tinil fl19J1 felt qtryoiluanwifiniulr,m, 

il1LLM1111-1 51 91 2.12 41-19101-1qqlfit19nittletill9101,111q411tY1 Iflt19,11t1f1V1159i,941.10011918 

114i3301119nAtifh14111i1:14Mt.T116,1fliliilITIND11D1,11c1flimi -rilmaLLE1f1V1159f141-10 

9intlia2.,Aculfuouttni5A519-1,firivrrn7NSofitucviiiI4winqiritraoonisliJo 

r1-15NEVIfit11411-111nDWINflala0f1111 filf151V1141tJalfliitl HPLC 4,11115U11J91f115NS91fitUiiii 

019w,',1119manuitflinhlt-laih9iptiinr1 	 11A)19,11f17-M'I1d  

10c41,4T1flfl150 HPLC tsfli.l'a1INROliTiU4F41911-13J111 fillrfAl-i1101-119fIla1M5f1Y11111.11461  

14i1f115141111f11.7f1 HPLC 111fl116flA11.111151111-11-111011M41,1Sliflpu 91111.11(1h15'110fl 

9lMV1 11;11 111-12It1I1D1 Rossetti and Lombard, (1996) TW1f1151,11 101119f1if1T1119J1AfIli11011 

claa 1.1114auti11n5gngol1Jolufffirtril1J PLP 1/1111i Lii0111111i/141,11V11514SAfit114 91f111\41-11fll 

1111.111,11141F10014ThgtAalitilt19i01115'11f151n1 T916f115C6'llphenyl-isothiocyanyl 	(PTc- 
. 

GABA) 	11111.1i1f171:1 11011/1f1171f1 HPLC 	 LiChrospher RP-18 column; 
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isocratic elution LLWAG11 mobile phase 111,1 pH 5.8 acetate buffer in acetonitrile-water) 4-30 UV 
absorbance detection at 254 nm 

1111fiit1641.4c1 	149199111.1f1151/11111,11101101-111flinvntualtni'vanciharrilatiflm 

4131118f1 Tqtfgrff1-112,111VMD01/1qf101ifitInfla1J4'10 sodium phosphate, pH 5.6, 100 mM 

L-glutamate, PLP tim','Ciiutaulcisaliirffiq uI4a411_111441491avivfasigq iilvidowimalulitilil 40°C 
LIM 60 1-11111LADIMM1111101-119f8Id146?01 II'd,',vitmil6Fita'ati 32% (w/v) trichloroaceqtic 

acid (TCA). Illrindr4r1119J1fl501 tiM14101,11/41AD1f111J1 Ltft21t15.-M114-30 Agilent 1100 HPLC 
(Zhang et al., 2007a; Zhang et al., 2007b; 2006 ) 

Time 
Data Reduction 

11N112.12 f115;1q 91111fl151711111-111D4t01,119falf119110,31falJDflciliflff (GAD activity)I0t11YltifIt1 

HPLC 

911111.iii 2.12 tiJONVIIJM76'44111,1AnOti viclfiltliVI'ltlfillqi1101411.31141Ald 11.45:01 

f11515'111antil r115- N5911ifU49n),fl11100111.11iLf151:14.410fl151HPLC `Vial frit'afll t,, t, and t3  

911fln'T111.16fl5tliallqM4 itt151t1ITIMSAfit114141,1A611-13flailf1111M11,11Sallt1151i1 

rilatii011101101,119S8.1111i'MATI cf1.791 (Unit) 

1 f1,119111011B1111f1.11191111JY1klifilDflitaff V1111004 1115111q 1 i.tmol GUN GABA 

/110114 30 11194171;  40°C 
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A 
-M91,9flfl1TIILIWITI/1 sensitive, reproducible UM,' specific OA tTlillflq1.14V110 01,911M1flfl11191 
ODf-N1f111M0911/1qflOILLS19,140aAlf11 HPLC Soli)  itaf,wvivil9:134irriliNotillfillt-114 

2.9.2 Western blotting analysis 

tYlflidfl Western blotting 11StJ Immunoblotting 19111-1 f111FMAMTIJ7F1WhY1091flO d1111 
al1111171.1 A'liflutaulcifilLf.11,101511InflYITIJI1114019.117flilf15144-mtinfliififi14 Touni114 
monoclonal 115O polyclonal antibody 114cuiiirmtiuhl5hilmi19 tfhAlfrirnui5D19191qvini 
TiIAArir adfiuTlJAu9sldodu1 14atillfith2,-,inifirounfriiqq I0t10-14011A'fiti111101 
11141073mrp 	 pI ttall 

411A 01,M1111.19111fli 7917111JSAWIrlfftel9M11-119J1.111151-1 

SDS-PAGE flt)T4 	 tIt1192.', f1&1')IMMilLIN') 11/11liifl western blotting 

rf11115f11111114 2 &ADM! 	4VI'L 

(1) fl15ti1fJ11.1161,01041J1-1M (SDS-PAGE) aldallIt1J514 

Ithiillf492.1i1EM441111JI1J51-11-41 91,11811141111111151-10d 2 'Iraq ;ID 

• 11-11717L91apo iarr; luIviwisapu larroluiriiirm14 

• luaav; 	 TOtlIDIAM 1115;i1A 

1,11111,11Th land fl 	nvf To 1.1)5 	ttrro a 3,J 	u 79) um.luaaml%vviwiarrix; 
mechanical stress 1,19i11.14DitiA71f111,11141J1flfl'i111414151.9fflpu lflrf 

tlilf1116111921111f115d101154191f119flrilinJt1J51-1 	2 uuii flO 

• Semi-dry blotting, il'il,'9101-11111111J51.1116111.9nilit15;11`WFMOPfllIfUl;f117 

1l5t;no11Yldiuu9strI9f 
10-30 1-1111 Iih 'illliti2-,'11-1091flt9aN111411J3J111514 

ttV10411.1Z11 

• Wet tank blotting, Limaarnht'flaufitunniugsviTuNTaililitiltumnfital 

D-15 fl 2,-;fl -10111411.010if illi%',141'1fl11111-11.15,1J1tU 45 VIA 	 1 Cli`14 
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(2) nilFionitili.156'laciffiNincinil&Kiirvit,4-1EntacaruaFi 

fri5iiownili15hiiirmadfiinithluninmaali'LLaiiii44-innzfili1115h1flo 
1t9i511i1a 2 '171n1D146006'117,1; 

• 1,110fitilitht115 14 41a91DfliflAtltiOlIF1110?199f -ML5f1 
,47 
qS19 ,19fnallialti 

9f 11115f1~ 1 ?ill 

• 9it-nflailualAvaii6)iirraliihrmiiiiittacuilAii-mt5n TOMit'AIJW„-Tffifl 

1.119111fl5Vil0c191qPfl1111%101.11,1511' horseradish peroxides itNtr111115f111D11,11141if1111101 

I1)Sillf11 91529101,90 91111115111D141,1fliciliflOdel'UlL01,1911JDUA 2 1411(111.1hti3U1 

Yun and Oh, (1998) 1N91rVItraft western blotting 11,0115 

911-R111101.11c1ffif10.91111.11441-1511011'iliflff 1711 afiATIfl E.coli ill45IJIIVITINS911.01-11,1f9111p1111111?1 

fl1i110fIclaff Tot,1111'il 101119filif1791119J` WIfl9l5nilild 56-58 kd (ldil 2.13), t111111110111iliflil 

Ll1rri9q1491f1 E. coli TIVJ111110 53 kd 9 -1f14'09)allM111A111-61 101-119531f11911111Y1hlifirOfITUVI 

11-141`M11.115f1V17'Nilt15 1:414 I0f1191alt1llfl western blotting 

11fid`.411 Akama LIAZTakaiwa, (2007)1419711101fl western blotting 1A10911110111,111.1 

fl19111,11Ylkli11011cTUrf firrfifl91f1 E.Coli 

1161T1114141113J1Ii1141.134111altl nickel-affinity chromatography LIM,' anion-exchange 

chromatography 111Jilij1114191 78 kd L101' 74 kd rhliTIJIDIr lf1,1511 OsGAD1 	OsGAD2, 

9111141k11 51',91,1rN1s1 11-17„Iii11 1.18. 	 2 11I1U protein size marker standard il0c1", wild- 

type OsGAD2 9111110 Ca-calmodulin YVLwifo C-terminal 

2 	 2 kDa 

74 — 

49 — 
36 — 

aOYs 4- 

    

(a) 	 (b) _ 1 4 
lull 2.13 itr,i14M1101 SDS-PAGE tkla L1FilitIJIJ11J51-1 Western-blot analyses of RiceGAD-

encoded protein expression (Yun and Oh, 1998). (a) itriV1190i/i1J5n101141C1 lanes 1 flea 100%11 

crifffi919lf1 E. coli 91,114T1.1r3f11910i" pVUCH-RiceGAD and 2, 101.119111flafT091fl E. coli 45114T11 
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pVUCH-RiceGAD `1165fl5`41,1410 IPTG, V111J6141J (b) tichddithilJ51,1171V15191^11_1 
1,0141,1Sliflq911LIJT1gfIli'110asiall ill; anti-GAD monoclonal antibody 11101A111411, 

u3ntuilounmifiDinumiliivuum41,9111 	9n1611Vilillf111LtilllEr411118191f1f1156%11,1,V11sUITNI 
56-58 kd 	 flurrolin1113111tIlLOVITALVrOlDef11111173J1t141J1f1 
illOtilalaiLLM1180111VITI1flq9111,1114411i'llDfli61/11,1141")1114 E. coli BL21 
11,1 E. coli BL21 143116114111d11117Dlli lqtlf115VM9VIDIJI1J5;•111-1fl9,911t111/1?ifalJDflihM1 

„i 
gu fltnifV111,11111Y11/111. 0141,151i" .",̀416'flIzIfV'.1,f1141,L01_1V1sP11111DUlflf1151,7"0111T111114N1 74 =t,' 78 kd 

(Akama and Takaiwa, 2007) 

(k lo) 

175 — 

83 — 78 
	 74 

62 — 

475 

32.5 — 

11.1ill  2.14 LLM119i1L1111-ilflITIM01119111f11911t1J141WDOWIICIM1 VI;i16111itUctifilfilf11Ja41 

1:11M111f11713011,1ff1111-110 74 um,' 78 kd (Akama and Takaiwa, 2007) 

ivinfifigincililwiniimuniq-mwuomulminvaafrigfnivaammoulTaltimillu  
c11515i1 2.3 
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2.10 111511111111-1115fM11111/ff15C1111i1f1 (information) 

11154f11111f1f11fillf1151/1111141104 GAD ta91191311#11011,141,111LLo19l 1994 1qt1 Beutista 
4,91A11121 f1159/111111LIM,11111111n1f1VM169101 GAD LOLLIT3,1 

vi011111,111 1994, Saikura 111121 L110111111Ag41'11.1101;111111/11019iefflllL1111050 9,11111f 
Iii3,11t1,1f1111111113Jo.q  

011111ifulrull 9511.1M141111.,l'il GAD 10911911Jii1111,11A111daill'r,i111111fl”1 y 

(Ohtsubo et al., 2005; Saikura 
et al., 1994; Komatsuzaki et al., 2007) 	ri4o9fvUoluilyflivrilvialmi5iirnisiortloiD 
roincri 

Zhang et al., 2006 IIM'fifla 141;13.141-1601.41101411 (rice germ) 1.14411111419104 GAD 
10141,11 nllillmJaii?tniiiinvnit'flifflICIldlklitIrMM'Mr.1111lLiAlOi'fi ll pH 5.6 LIA111111 
Iliiqt111,11A 40 °C 1N11i1 ifillltlif111111,1713J9J1flell 2.26 fliiJ 49J53J10,1 rice germ i7.1111111.1111/11 
11D1 GAD 1.01419111 100 g 

Zhang et al., 2007 Itag,'Flt11:: 14rr fiMitlfl GAD 9111 rice germ ILM.,4111116fIlltlInPlAM 
1N 9J it V11-11011 v1911i'r13191II1G1 	78 kDa fli fi 2 subunit L Ivir 11115 fl110141,ILD111,117AcCIWIllIti 1 

subunit 111,110 40 kDa 41IIM11140114-iliaultisliTiiklilcumoi101 subunit L14169.d Lflt1Liifl1117 

wiluttwrii Akama and Takaiwa, 2007 Mil 
1011191a41111-11fl 76 kDa cif4111T1Mill1f1Nal'0161-1 &Mil pH fiL119J-K:,-T1118d11.161h4 5.5-5.8 LIM 

; qt1,111 /1971c111•11MMJLVilfill 40 °C. X11 Km fi19i591111514 glutamic acid and PLP LYlif19J 32.3 mM 

LIM,' 1.7 mM, 0111.141191. rhurmit-iiiiilAsi3Jfl111111-11Jf1701fIlldlAt1101-119f6117001"111i1 
HgC12, KI 	AgNO, Yillciffl'113Jr(11111f111011,0111c11161d1t11 68.5%, 44.9% and 32.4%, 
W11,141411, LIGll9d91fld,fi CaCl2 T111AM511111111101L01-119nalec11 145% 

, 
Od1115f1V11111t101171 1J11.11140fl'ill114119Cdf.1-3611 GAD l0111,9111"  111ft9111 Akama and 

Takaiwa, (2007) 14V1fiqlLM,1,101) cDNA 9infniarlutluiiHrilviTuninimv7rroariumlu 
GAD 101-119flirillilL11471LIA cDNA il;  code 	GAD L01.-119fIf91 2 Z11111111 atlfril 10191 
1^1061 91411111Elf1-1111-il GAD 1014191111f151gfilf111101flvillfill 2 ILI1111,0iLill*I3MMILIA81.4 

1f1 nqolijfal,If119J1141,111101461,1 	OSGAD1 LLM,' OSGAD 2 9111fIr(0151.1111.11Jil 
13.1All'IlflIMSIT9111L191f19i1161-1 unntoniilholliif11591 calcium calmodulin 1111111AiThltl 
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C- terminal 1101VIlt1L01-11c1f11 TG1tJ OSGAD1 9‘14.1 calcium calmodulin 1,1111112;Oti LLG1 OSGAD2 

calcium calmodulin ilillfflt1C- terminal 

A' A 1• flT11.1i1Kft.161101f11511 calcium calmodulin 	 C- terminal 1192310U it15 
11.141115t1`)11q9JMTV11111.19J01I01-11,1flilfi4111 611.01.119f110d1.4Z1111.111.1 OSGADI 

92,4011i1.1 Calcium chloride N11.1420 riA10131)  

IM-1411 6'414 51.1inni1,0T9ivlai'utasum419131tILMAn9itiviitriii92111 

PrnInnisii11111/10101,119ffilfil'qii IthflanlaliJ9-ifM154f1111 

A Oh 1.1,M,' Choi., 2000 1111"i1 IfilTlillf111119nri3J9J1fIVIrfRIllt111 2,011 nmol 9i0111111.rfl 

Vrg 1.11DLIGATAIIff15M,'ffltlIf11419c1111,1M.115q110.9111.3f1 tlillnUlt11 3J -IflfliliiiiiIi41'.11`WIll 13 
LV11 

uoiatillb15MAiuminfiNSo141n4114-164-ron r-rullitijt:14n5qnqvniinitiDdlu 
LW6C1101111f1,01 tlf1,9, 911i711111001119SflalfilfMilifilfliliOtillOtilllfl 411114 Ohtsubo, et al., 
2000 	141AintiliifilSIADFISA1111.1113(ilVillltlq(1Tqt1f1151111f15flflqW41119111/11614011a1111 

,1=1. 	v ifilflildf11111I17111171164 29.0 g/100 g LIvillIdiMakilar09151-vi9n101WOJfl5qfIVI1alfl 

allirl1d J7Intiannv111441119111M5FJSVIV11 

Komatsuzaki, et al., 2007 1418Df114111fl041A1 germ 111.410111ili LIA'')11-13J1111h1M.,1i3J 
LifirM1111 TG1t1f1111.1i91171'Ml 3 i'll1J 4I1M;r41111,111"?141-11,-0111111 21 	 17; 35 DM 
Ilfatitlff 11161 9E1119;ufi1111T1d911'Jiiiafli71611 24.9 mg/100 mg 91,11.11fIfliliilFuriliAllrilii 

1.17111fUMITIL1ilifIJ 10.1 mg/100 g 
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2.11 fft111-ffillflenillf1SasIslaf11111.152-.311dhuluntaisnlitam 

dimiiniu-milms-lititianAonn411flA10110f11111J52:31113111/10113'14 	rriniTutiwilliim,- 
1/1"011-11V1591fitUcA11115 	11-.161601.1141-11/0160ffili915filV1411°' 	5!"-alficuffl-dr1570i1/10lillMli? 

91f1N8fll520 
Milfialf11111111A7144411f111141.111,'M=M11111115NS914Tla011011iiiiii”,'F(Tlitl111 
ITT/9111q0f11Z,S105 131D1-111J11111trillAllfl40110f1f(15 GABA 	 (15.2-19.5 mg/ 
100 g) 	 15 	GABA 611115t11101611fllIvildlUM.10,191f1 
Vfl511_1ty110.01.1fla4111_111/14 (Beta-amyloid peptide) ilAlMlnoruallitlqiliii0f1111.11 (6fl 
19f11J05) 

11,11.152.11IfflY104-13f1h,11011 GABA 	 11-151f111.15nlild 
90 11111 da 450 fl51J 11(501.17nJ1tld 200 1.1lY19.i0f1IMlill 	 -noiThlod LIR111.4ti 

Frathimpolcul uan9ini';6114LITuriSorilaanItItisniilihniffruh alii tiAti Lniv6 

7°1f11 11h 0,115"1-in15161117f154°15C19111°1111111111-1511-41^milm"15 
a111911J1.15,1fi1ltlif 91D111 	lirti-nnAllantilatilvifitalkiromicti 

1011 oivia'ill 11J111.1111111101 ttangl tfiau 

itivinlovi111172,'Linfiju nhi thnoviniiiNttmin-ni'd ITY)nNomnifiuNSAsitucviti-alii 
firm mh,t 113411 0141-11,gll 	(FANCL) tMnRicvl6rviso4IMA)0110fliLM',-14S9Ifitucvialliill. 
Lr133J51011D14111.4 	 141.15.2542 fl 99thifil51,111.1NSV141'111A110f1 2 11141 flO i41 

	

viniht 	 vof191t11161111151A7011-11111413flk,910fl ~11t 11  

11115q11111119fiThg 0 	 licl 	 umxiAlu 
L9f11 Gisafiintiao 	 11,M,111411fMIArt1'191111 

1,1-1 91)1.1 

n NO414141511114LIA 	9vAininu;91Thfl15911'39r1011qtlif11111114911-N11091111J1fi011 

2 514 L14011111JAq4l'Af1111.1fIlill 4,11.414f11.131,1f1l117111111Dfl 

1711 1f1&1110f1/910iutaiihilnainJu t1ft1 fl5W11311 11110 ildnll&111,0flliTtl80114-au 
tt118,105-19i0ILIJIIMi (CCD sensor) 4,41.111SOli7111441519htl'311Jr101.1f191110411JAq411iiii 
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4110 DU G1 TIN111111fl156911,1t1fla41t11f11011111fl Ff (color sorter) 1140111M1D1111flWY11.1rf 

4jq7lf1FIDDfl 41-)wlfrviiic15aniqmprntlutisrmlf-M-110t1111441-)13JV9l5t, intli 15 111V15 

1AillrsiltilltiflfflAIJ52,1J1t1.1 3 LIIVIS i114-31,111fllt16,1 6,9111431f115ffIlifiliqa!1411171 f11111411 11M,' 

1.13111i111111911113J1119i0fl1110flatiVMDflM1 

116,991flif1141DflIJ5n11fUlifiltild EtinnNallaniiI4gn-yriiii4uvn 9ictmatl1d1Jn15 
9, 915-M1519a011f11540f1110T11Th9ltlfl155011911553J (activity) 1101181119fal114111A91411 5111111 

d V15 '39V1'011flaillTIA111D1111Aq41'31011111"D61111Aq11110111T111F1I1111U4')OVIn1fl54D1.-1 69111E1MM/I 

lantirmijnfitanaflitiMPoiJn'9iaan 	T)rnfiAL'Ulflf1151JMMITOirrinorsriliwi-R, 
_1) 

1t150,99115 1141101?1,`1:01Allfl00111D (clean room) fi0111-7110D11-)111111-iltill-lchlAn1WID111 



3.1 	ff -ninilumqdnIti1 

MIMI] 
	 vinvanititafp 	3ilair4ao 

Acylamide 	 71.08 	 GE healthcare, USA 

Ammonium persulphate (APS) 	228.20 	 Biorad, USA 

Anti- GAD antibody 	 Amersham, UK 

Acetonitrile 	 41.05 	 LAB-SCAN, Ireland 

Boric acid 	 61.84 	 CARLO, ERBA, France 

Blocking agent ECL TM membrane 

blocking agentkit 	 GE healthcare, USA 

Coomassie Brillant Blue R-250 	826.0 	 Sigma, USA 

Coomassie Brillant Blue G-250 

solution kit 	 854.0 	 Biorad, USA 

Di-sodium hydrogen phosphate- 

di-hydrate 	 177.19 	 Scharlau, Spain 

Dithiothreitol (DTT) 	 154.25 	 Biorad, USA Ethanol 

2[4-( 2-hydroxyethyb-1-piperazinyl] 

Ethane sulfonic acid (HEPES) 	238.3 	 Biorad, USA 

Ethylene diamine tetraacetic acid 

disodium salt (Na2-EDTA) 	372.44 	 Sigma, USA 

Ethane sulfonic acid (HEPES buffer) 238.3 	 Biorad, USA 
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arilli n l li ritanlin a fl a Viiiiiiieaci 

Extra Thick blot paper mini blot size 7x8.4 cm 

ECL plus western blotting-detection containing kit; 

Limigen TM PS-3 detection reagent solution A 

Limigen TM PS-3 detection reagent solution B 
Formic acid 	 46.03 
Gamma-aminobutyic acid 	103.12 
Glutamic acid (FCC, food grade) 	147.13 

Hydroxy-naphaldehyde (FIN) 	172.18 

Hybond TM-P Membrane optimized for protein transfer 

Horseradish peroxidase linked whole antibody kit 
Leupeptin 	 463.01 
Magnesium choride 	 95.21 
Methanol 	 32.04 
2-Mercaptoethanol 	 78.13 
Methanol 	 32.04 
N,N' methylene bis acylamide 	157.14 
N,N,N',N' - Tetramethylethylenediamine - 
(TEMED) 	 116.20 	 Fluka, China 

Pyridoxyl 5 'phosphate (PLP) 	265.16 	 Fluka, Switzerland 

Polyvinyl polypyrrolidone ( PVPP) 2500 	 Fluka, China 
Potassium hydroxide 	 56.10 	 Fluka, China 
Phenyl methane sulphonyl fluoride 174.19 	 Fluka, China 
Sodium citrate 	 294.10 	 MERCK, Germany 
Sodium tetraborate 	 381.37 	 MERCK, Germany 
Sodium dihydrogen phosphate- 

di-hydrate 	 156.01 	 Fluka, Switzerland 
Sodium dodecyl sulphate ( SDS) 	288.38 	 Fluka, China 

Tris ( hydroxymethyh aminomethane- 

( Tris-HC1) 	 121.14 	 Fluka, China 

GE healthcare, USA 

GE healthcare, USA 

Amersham, UK 

Amersham, UK 

Fisher,England 

Fluka, China 

Sigma-Aldrich, UK 

Aldrich, Germany 

Amersham, UK 

Amersham, UK 

Amersham, UK 

Fluka, China 

MERCK, Germany 

Fluka, China 

MERCK, Germany 

Fluka, China 



3.3 5 liG1D01 

3.3.1 111130f1 

11141'111111i1111:9111k14 72 4`)1111 11AttlAtrt11111/1f11 24 421.111 111111-)111_11,!fl7t,'Alliii5r, 
cialf14111-111d0 \1111 fllrfF111119f1111iiiIi3(81914fl5Z;14.14111Dfl (Komatsuzaki et al,. 2007; Xing et 
al,. 2007) 

3.3.2 fl1IVINGIA11.11 

11-141-31140,91011 250 mg 171315 f,ntW110flili ttPlflvillfiln.111.1q 114-11611 800 IA 9101 70% 
101/111,10D rffiflI0E114tf110,11611til 11114 30 11111 iiquarrAlal 1111411311-11111eJlii 6000xrpm 

1111,1 10 `11111 111111P1A11f115nflltld-1111Vfehl4111-1 11AVItifljinamovirruciniSo4-101.81(1-11-10fl 
9) 0 t1.10 f1511 V1111 f1510 0'1141r115"U'ffleld1141V11115-)3161-1 (Baum et al., 1996; Oh and Choi 2001; 

Komatsuzaki et al., 2007) v7„111`6fliellf1151r1A01414'1411011111114T1 2-hydroxynaphthaldehyde 
(HN) f15011111-1t111111111,16U1-11AVAII11 0.45 pm alitf15111,41rill1t111111JATILIIM19ItTlflilfl 
HPLC derivatization. 

3.3.3 f115111C1h1TA11111.11L'0116011111i1.1114V0.1101411i3d1 

3.3.3.1 1115fffTh109411191 

11-141Tiislaf111111A 0.5 g Iqt11611V111M"fl1E111'1111481 tirririnimiTicivottANiu 
eppendorf 11A6-111 2 ml G1101V115M,-01t1 extraction buffer 1/11j1461 (9hf,f1a1.410 0.2 mM PLP, 2 
mM 2-mercaptoethanol (ME), 2 mM Na-EDTA, and 1 mM PMSF). 11111111111-11111t11111011E1f1 
Vlt, 101,10@flit1113,111-1 6000 rpm 1,1111 10 111c1 fiqamsvl 4°C 9a.,'Iki'15fl:,'"altivllliff411-11_111ill  
11811&1001111191f1M,1311 t5fifl21 0'370"61101-17,111107,111071J (crude extract) 

3.3.3.2 114Fitifiesiadoni5iiisiiiruaAtoullningoituii'dni4uancillaa 

(1) di pH 111111J1L'fi1l 

lulTuiii,i19,1991V115M,'"ditlirmY10i" 2 95171A 1111109Jiilfilfr-1111t111-111WLIJVI11.45nAri11 
cit0111Ginftillihf1511111th11,1115g1IV1131141111-1111 P10 0.2 M citrate buffer pH 4, 5 itaf0.2 M 
sodium phosphate buffer of pH 6, 7, 8 f1151111Vriinti11111111.1=11111151111111-11101101,11911i"  GAD 

31 
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9131,R1f1 F1 /111,D1-119f1firlf(604111411VI011flW11-1/J1filld15fltditlITIAILIA105 	41LIV101111911111ii 

3.1. 91flthIlilldli1Jil;qt1111101 40°C LADIII1D1-119dLiTLIEntil 116,9914-1110116fl?UlAtlf115 

1,91Len5m,-a-m HN ildni1NR(1fit11419)111'11f1514)Mfltal HPLC f11 pH 1111-19J1V(1.191-191TM 

1166301f11141J3111ilifrlIniuminfiriq 	MtMi0f11111V113.115t111041,01-119fallf115d11.16n111 

(activity) 1149,111-)0611O,Kliki 

1 q1-41 t111f11J 1J3111t1rUDIfIllIlilI NRA1491flildflitll 1 gmol viOndl 30 14-iiiiiqtilw9i) 40°C 

Ad! 	d 	 A 01111'11 3.1 erlIM,1017111:110i'111.1f11 pH 1/11111f19111111.11 110111f11 pH 111:113J1f,MJIID11,01119511 

1 2 	 3 4 	 5 6 

1 l c 2 2c 3 3c 4 4c 5 5c 6 6c 

Crude enzyme ( p0 200 200 200 200 200 200 200 200 200 200 200 200 

100 mM L-glu (AD 200 200 200 200 200 200 

0.2 mM PLP (tio 100 100 100 100 100 100 100 100 100 100 100 100 

Citrate buffer pH 4 300 500 
Citrate buffer p1-1 5 300 500 
0.2 M Phosphate 

buffer pH 6 (An 300 500 

0.2 M Phosphate 

buffer pH 7 (pl) 
300 500 

0.2 M Phosphate 

buffer pH 8 (p1) 300 500 

(2) 1.131110,1101-41918411111tfIll 

PfflUltlilfliU1101101.11'1111f1114 1.11f, f(0111TU15'11J6iiit111.9mAnuttilallfiantutaulni 
A A 

1,Mn1TV1 V1 pH 6 l'll,l,M1,911.10151.111 3.2 
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91151111 3.2 113111tUL01-1 VICIJI/ILLAf1011flUfiltfloirflIM'U'liff1115T1f1111LUWA1 pH 041611 6 

61158 11EJ 

ilflOG111 

1 2 3 4 5 

1 lc 2 2c 3 3c 4 4c 5 5c 

Crude enzyme (n1) 100 100 300 300 500 500 700 700 1000 1000 

100 mM L-glu ( µp 300 300 300 300 300 

0.2 mM PLP ( 100 100 100 100 100 100 100 100 100 100 

0.2 M Phosphate 

buffer pH 6 (p1) 1000 1300 800 1100 600 900 500 700 100 400 

c = control tube 11N1'1F111alldi,V1511 

(3) flliVilf11111143.16171VUOlfillf11051111at,1101111111/Tildhaitllii1111111;n1 

111 crude enzyme 1000 pi 1111119J L-glutamic ill liAlliiirlt9151(liit1113J11)111411i10,91f1d1,1 

fictlfifil pH 6 11Mli1l PLP 1111 cofactor 6110,1114i110111 4ALLM1111-1911111ii 3.3 11111115.41J6F1301 

figf1111J11JY1 40°C'ifrirttlIfnalvilil6t-130ifilLon9iilfillii 0, 10, 20, 30, 40 UM,' 60 1113'1 LLAi1111 

HSVI/Till cYft1491flf1151,il`41301611011,D1119flifirlffNillci 111ilf15-M11V111')El HPLC LIJI0111171011 

1133Jittito1NSAfitlicviiiI4winni5tiAqi1301 

911511Y 3.3 di1J1wehiatolva0M10111111111111t10111510"011 5 /1ill GAD tau 195
e
f 1T

A  

ff1501A11.1 

1 2 3 4 5 
1 lc 2 2c 3 3c 4 4c 5 5c 

Crude enzyme ( pl) 

100 mM L-glu (µi) 

0.2 mM PLP (Ito 

0.2M Phosphate buffer 

pH 6 (p0 

1000 

100 

100 

1100 

1000 

100 

1200 

1000 

300 

100 

900 

1000 

100 

1200 

1000 

700 

100 

500 

1000 

100 

1200 

1000 

900 

100 

300 

1000 

100 

1200 

1000 

1000 

100 

200 

1000 

100 

1200 
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3.3.3. 3 fl11111&1115131110.1 GAD ta1,11151.11141.Y141011 

116,191fli71115111filintifiLVII,M111J11.1fl1514111111101101-11,15119113JTMOil;fldT)111 0, 
41141,,a--)t,'114VI'll"M'fiL143J1,1..,'frinislii ;  200 ul 11040.2M sodium phosphate, pH 6, 300 p1 1101 

100 mM L-glu, 100 ttl 61101 0.2 mM PLP, LIM'1000 1.11 1104 crude enzyme extract 	Nall 

riTtmerarvinfuoc,i9juvRiiiihvanautilatilqfTitnii 40°C 1111-1 40 If 	UM,1,1111JYV 

LiA)--3ThiJorn5m'flloritildllf-iifis-mvrnlaTTAilnutniinfiLNINSAs-itucAlnn-mil  
Autave 

3.3.4 fl111111.131110,1fl11J1 

3.3.4.1 frillif111`,',141111.11Nitl HPLC 

toi01.10511^11J1A 5211-101111100 L9f3U1M170t0101J105111-101111i1M1111111J41,1174191flVillfilt 
Ali 9) fl,91.4 125, 50, 25, 10 UM,' 5 ppm fl11191Vfilm.,'aitivi LA9101111411.14illt11 1 ml 	flITLALALI 

f(17M'fflE1 0.5 ml 'UN borax buffer pH 8 1111 0.5 ml of HN (0.3%w/v in methanol) 141 

alSMJ'MOTT,11113JC111.1p:111711  water bath YIIJf1114S11J 80°C 14111 10 Mil cii11-1911flInfT11111-1 f150 ,9e1'10 

IlaD1.17.1A1111111-11A 0.45 micron1:11111itt1512',11410tf1101 HPLCYTTA 	 (Panatda 

et al, 2010 tia:,J Khuhawar and Rajper, 2003). 

C-18 Coumn ; particle size 0.5 13.1f15811 

601511117111a (flow rate) 	1 ml/min 

69isivi-nnal mobile phase, 70% acetonitrile: 30% '11D1 0.1% formic acid 



35 

3.3.5 fl1511Yalfrilfl Western blotting11401591f111,94 GAD protein 

Western blotting 61-1fl15-11f1514111 GAD tD1119f9iti4t-itui111i fi011filSilf151f4111 

1133,11al 5tn_1111.-M,'0141111115rffiAithilli GAD 1111J39J1t1ITIJ5114 LIM',1111f1T115VITIIM11411/1fliifl 

SDS-polyacrlamide gel electrophoresis 

3.3.5.1 f115fItTh GAD 111414 

ilii'Mfill4111110f19J1 1 g 1.119.111N111-Mflilif71141 itAtill 2 ml 1104 extraction 

buffer fi115f18114-3(1 (50mM HEPES-KOH pH 7.4, 10 mM MgC1, pH 7.0, 1 mM EDTA-Na2, 

10% (w/v) glycerol, 5% (w/v) insoluble PVP, 5mM DTT, 0.01 mM leupeptin UM: 200 mM 

PMSF)1111111.41.-1Fladil 6,000 rpm 11111 30 Mil 111V11M:flltlrill-Ilrfltla1111`1131J1i101a111 

Bradford method 

3.3.5.2 0111111.138110,111.11h1G10111111fIfifl Bradford method 

Iiirr1SVf&111011JilhVII,IilleAl11.441,10011i1 3.1.4.1 lITItf151,411Td31.1illIth;41 

1711149.fi1 I0t1191T1IM,'fflt1 BSA 1.1111115;i1.1111A5111111f1113J143J4111,LAIlvillfliAil 0, 2, 4, 6 

LLM', 8 tig/mliqUiltthlrfiSWARBJ1917211.11flIgt.,1f1-111.11.41141,1 100 pg/p.1 111 0, 20, 40, 60, 80 111 

91flIflalftilfl11 	 Coomassie BioRad 4414M1111.41111411 2.4. I1S9J19157")11 
9) 	A 1 ml 91f11.1\11111,1110fi10159,A1181.11,1rW1-101f1501 spectrophotometer 

ill fl'3111U1')fig1-1 595 nm 

91111511 3.4 1133.1t11101?15Mtflltl A  
9tt 

c139 
lifl151111131J1t111115F1111qt1Ti  Bradford assay 

fflIM.A1E1 

tl 
Vid0G111 

1 2 3 4 5 6 7 8 

BSA 100 µg/µl (Ito 0 20 40 60 80 

Water ( pi) 800 780 760 740 720 798 798 798 

Crude extracted (p.0 2 2 2 

Coomassie BioRad An 200 200 200 200 200 200 200 200 
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3.3.5.3 f11111E11111.156141M1111111frilfl polyacrylamide gel electrophoresis 

1.11Z.'flOilifltal gel electrophoresis Illliqn1- 1:9n (7x7 cm) 91111-r161'9J 10% 
seperating gel Al_1 111i01110,111n'9fIVIJ5Z,'Illill 1.5 cm LlW..,'1,i1,19-1fl'UDIJ1'11411111JSUllill 0.5 
cm louri-ruHrrlITO1 seperating gel LLV10,9114C1111111 3.5 fiDril lii1.1111 100 gl MIT11P211411101 

NarclaTalnlartrall9a6ou ilaaullta1419i'AU,"111a1 1 4111.14 91ndutiaol 3milaaa 

seperating gel 

3.111110,1 gel electrophoresis 

116,H-111171 10% separating gel 	UCA$1111A'') 91f1111,19.fiatil 14; dropper 1911) 10% 

stacking gel 17111913f1111,NalTiflAtIvillfl'UOlf11,t1f1 91t-nrartnyrla4111dial11alq9falril19511lri 

V15011061 (7,-51140101f1.180 lidatfliii  stacking gel ttlisl9i111114 30 11111 14NifYii stacking gel 

!ANNA fiat11 G13112nenfl1111,9D11.1'311111 electrophoresis chamber 	running buffer al 

G1111.111 3.5 n1/21.-Irlff1J11141,91301.110% separating gel 1M2.', stacking gel solution 

f1151fill 
	

Separating gel (pi) 	 Stacking gel (AO 

30% acrylamide-bis 	 2500 	 0.325 

acrylamide 

4X Tris-CI pH 6.8 	 1875 	 0.625 

4X Tris-C1 pH 8.8 	 3125 

Steriled water 10 1.525 
TEMED 10 5 

10% APS 50 25 
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3.3.5.4 fl11191113.1 9Y-mthAithilutIM,'flllidsample a5lt9ia4iito5F13111 

1,914103.1V(15WAlt1G1 Mtil4Iflt_lfl1IctillilGJVI'l1tIli loading buffer (2X) 1111141111411-llgaq 
11111 5 VA1:111111100flitli0s9MT/111110111) 

sArnac !,ed. orna 

VA 3.2 fillMsample d111-19;01i11915t13.111t011f1101 gel electrophoresis 

(http://www.bme.gatech.edu/vc1/SDS_PAGE/Background/Assets/PowerSupl.gif)  

3.3.5.5 Running 

11619111110DgfrlIM,'fflElOilatillilA 1111thiDfilJ4')Irlill 200 V A'sutero141zilcii 2.3. 
50q1-1111 V171.91.1J5h1f161011i1410:411-1111104M191l'Ifll 40-60 1,1111 

111";11  3.3 fil5v1014-161141ATIATIlDsllt110,1 SDS-PAGE 

(http://www.bme.gatech.eduNcl/SDS_PAGE/Background/Assets/PowerSupl.gif)  

LrlDfilIM''.aladfii1-11,fla01-19J1t144-111 -11q104 separating gel 2,419.1V1-19191.00t1 alfiDt19 
unntehmaii3111JAuiriflacimulrlurnam-,aitnTrurlai'Malaikmovnivfitilihilla-mtipiu 
tqaalripiumininv 
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3.3.5.6 DllEia1.1110L'fllials1511.15i4114 

110r1SWA10 ti_10111Ad0 1-111614111111101  separating gel 	Tillrf'191400f1 

ii-maLn;lurnsflz,-mtninvolD5V-rvilo-nrtivuoui4uiatliJil 

(1) 1913U111111.111.151411011 transfer cell 

6'01,1A1111.11111.15119J1110 (6x6cm)11111.111il11ff15dfl1011J1111-10fl 3 141`71 91fl1d11411 

02014111M4 11113J9Ji11511iuLLIf011051ildn'15Ma10 blotting solution pH 8.3 T1Iflill6billiV1.01 
11-111.1ii 3.4 

(a) 	 (b) 	 (c) 	 (d) 

11111 3.4 0151,0301JUJIMJ7110,Mf11510301.11f11D1 transfer cell 6011111 western blotting 

(a) 11.11111151,1ilitililla15M;fl106113A10i"  (b) a1Pl11f1104 transfer cell (c) 111fM,'011:1 

0501, -1111.9nfillI1J561-ai00d LIM2,-1111,1.11111151140w111 (d) TJAdltflIDA transfer cell 

( 2) filtli1hil1iTi1fIND111411J1J111114 

ffl0r,11 Transfer cell (11.111 3.5) UM,'Illf15,̀;;011105'0,1i141,110flN111.11010,1 401'111 

SDS-PAGE gel N111,1fl5t,'0111f150•171610fl 1,1,M,'fl'15111 blotting solution flIl1r114NarlflOti 

41fl00ilfl1 d001 -31113J3J11J51,M11114 	SDS-PAGE gel LINT11,1f1Sn111,1fl501NIT11113.1i1171A11 

05) fl151J5 ,',11011i1611,1ilinliti01-1119114Alf 14LITA11.10fi009 fl0i11411111141.1101ri1^104011110 

liA14 510 blotting solution 0f1051 0 1 transfer cell I.M11J "dfl 61ff1S,',11,a' 	111 45 V UM,' current 

72 mA 1111-1 1.309f21111 

1,1jDf1511Llala'3d001MIJ?1111,PTCLIJI111151-1 (1.1ill  3.5 a-b) 	 (heat- 

sealable plastic bag) ill9111r(15M,'fl10 10 ml 5% BSA LADIM-11115110,161.1hhhguitinhAau 

tfil_11311,16irill 4°C 1f11112fl1 1 ghl 



(3) 11141011 membrane blocking 

	

(a) 	 (b) 	 (c) 
	

(d) 

11  3.5 6171191011f1119/1111)=1111511thlf(91fITIJAVIlliThall (membrane blocking) (a) t9TJG1 

transfer cassette L1M411J filter paper ODfli99lflide41119fl. (b) 	SDS-PAGE gel DDfl (c) 

iMA112.,11A1,111J111,1151-111J1viluto (d) (ill blocking solution dllinlIi01,44161I9JS'Ali-1111111t1,1 

(4) N1.91311111.1111 

14711,1i1J1111111.1511D0f191flq111M,1111J1N1111-1/.111511fli ijVfl7flffltl TBS-T 11111 15 
A 

141111114 111111 3 f151 1.11-11f15011101 

(5) Flcl GAD antibody 

31.4VI15M1fllf1 TBS-T 00f1 ii1J1113J11.15111fillIf119vairiailv151 L1AW11.1 10 ml GAD 

antibody (1(11140911 1:5,000 111 TBS-T) ilflf),111M',L'.,'511/1010-1flfr1111111'UtilOri111111 14114 1.30 

6171T111 111014 GAD antibody F1916111115 hIcliMi014 

(6) SlAaltl11.111-1 

14i149Ji1J13J1111.15100fltlflt)111M3119J141,911lf119f1,Q:ili iirf1SM,'fflt1 TBS-T 11111 15 

VIT711MATLITLI 3 f151 111-11f17011.61101 

(7) ?IA anti-rabbit antibody 

TBS-T D011 illEIJULIJ5111nItlfplAdlgif1111111iaflfli'llAtill 

10 ml anti-rabbit antibody-coupled with horseradish peroxides 040911 1:100,000 11-irillM,'fflt1 

TBS-T 1111691thati-11411 14111 1.30 if11114 1,401131 anti-rabbit antibody F1061.1 GAD antibody 

9i-)LL5n 

(8) N111,113.111.1514 

lffilAtithimuoan9int-ounni-anAilliwyrismiliirrisamo TBS-T 11114 

	

50 	 A 15 lanlituDfl11 anti-rabbit antibody 1t141I11114 3 flIsl 111-11M011.11t11 

39 
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(8) f11191119ffOIJ11.11611-1`01,11.1 

31,10'15W,','fflt1 TBS-T 00091f1111111,11111 ',FM developing reagent 91115n10114")E1 

(1 ml solution A: 25 ul Solution B; ECL plus western blotting-detection kit) lifillilTh411J1J11J511 

11114 5 1-1111 11-dilhilailiff111111714VI101911f1104 LAS-3000 mini chemiluminescence's detector 

9nAIIILLt1111161 GAD 11_15111-1Llalimrtnan 

4-1-)qon 

g 9761r1"01111151,111.1%1111041D1,119skilu5vrilln15an 

IqtJalflfifl western blotting 

pHe7g t119P119J 	iliUlt11101-119fil 	ifiulturNirrosin 

1111D111911.11J1Ana-mnqoirmilvinlui 

(bioconversion) 

111139J1tUTOO HPLC (1) 

tiRtnnilt(111111111a1,6140111/11110301 bioconversion (1) IMITItifllq00519-1f14-1-3i711011 (2) 

1111 3.6 rrithiNualfmAitillimiii, 

miotaulTif 	 ffrion-rul 

1,11ffill-n171011.11f0J 	 1110,11q0 

HPLC (2) 



cf 
111111 4 

ov 

4.1 nililoollIn1511MIA0onvoltaviculingcnartigni4vaniliner 

itilltiiieldlijalfrat1 western blotting 	fl-15911")T111101-119f1.1119,911111911`4 fallD flih VI 

001111PUDI GAD protein 11141T111Dfltirit1111`14001141TitilailDfl LAD1MAD9,1411111-1 

1:111114f1151/10flD4410i0111 	liall.-1171r1'6191fl41-19‘flt111fl111-1 10%SDS-PAGE (21ii1;  4.1a) 

Hybond-P PVDF 11111/1151-1 	4.1b) m 11 anti-GAD monoclonal 

antibody UM horseradish peroxidase-labelled a second antibody illi11 -111A112.,411-101)FiqVITh GAD 

protein 	1A111'ilij111513D111Z191011,1011 GAD protein tfIlltktliall tnillt114 chemiluminescence 

detector A".111M1A11-11.111t11114N1 –70.8 kD L31D1,174111%1110'11DIT1141.111191521111111ffllcill  1 

(161 4.1b) 11-111addiitau 2 (411illil1ilDfl)1111fIgN111101 GAD protein ti1-it11d1JH1211111111 

ITOuniitavii 3 (412114Dfl) 91flNflf115917-39f1DIJ GAD protein 11-11111T1711 41611Dfl4-10/11f11.1f1 
western blotting 1111r104141,1111i141Tififil611Dfli1111111,M1100111101 GAD protein 111f1flilfnill  

bil0f1 411211,19, 1fiq1D1-11931 GAD 91f14T3i141D113J119111-1f115V10flDIviDIAJIAJThfrillYlliihili 

1011 
1 2 3 1 2 3 

1-70.8 (GAD protein) 

16 

(a) 	 (b) 

11A 4.1 M1'111101 GAD protein ii1111f1116191f1f115i'lA111611V11D1 GAD antibody ;1fltlill  Lane 

(1), protein marker; Lane (2) Ithilet-Iiir(6M1(141)iihisiOn (control); Lane (3) Ith'iltifiriITOW 

41T1/1.10flVfl(lit1011,1ilildfl (a) Coomassie blue-stained SDS-PAGE gel, (b) Hybond-P PVDF 

11,11.111J5141i9J4T1 anti-GAD monoclonal antibody Qfli1511M116111,111i11101 GAD protein 

filMfl100f111-1q1j1-411111A'11011(RicGAD protein) 
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4.2 IlilikliiiiPlAdOf1113JC111.11f1114f111ills111-1110.9101-11111111V1113Ji16't1141JafloiliArf 

1131114V11011,0111T17111,M,' 
VTIJ?(L9151/1ii1YillifVf3J, L'Mli1;191YITIMF13011,1M,lil pH 11111 	9101101-119191f1V11LIFV1h15d  
110flillflrf 	f117'10 f1213Jr113J11f1111fl111,11111-11101181-119f (enzyme activity) 9a,-"IMJ71.11t11611D1 
1111J1i1VnIZISMitlITNO1LOVITillfcrmithqt114HPLC 

4.2.1 fll pH iinin-Rirni 

91flNffill7111f1-111M11J15t1111fillYils911111011,01-119fliiifil pH friLL01119i1161,1 Iqt1191 
frl5M,'d-1ITIAIrlDi'lliilfil pH 110441'301 Glflf1151,M011tirN11111761 4.2 1/1171 1,01419111 

1,0111,1fIlf19,91119JalfallOflaMeifftIOq11191-ncifil6,11"011 	V11.115fIdltlaal11117AYtalt1 
fl50flp„Alrlf4.4111111143J1flii*-1 frffileifl'il1T-,11 pH 6 11411flOOT10d01 LltlVidi pH il91itlfli1 
11ft11'0061 6 9.-171114f1T111V111.115t111,1fl15151114630111D4101-11911f9fi4111flqfl1 

fl'311.1 r111J15t1111f11511MULIfIV11i3fliMif111.110111flA 0 irlf11 pH 4 L 1 pH 8 

3 

4 
	

5 
	

6 
	

7 
	

8 

pH 

110 4.2 X11 pH ilL191fl911161-11/11111111flndllidf1301f1154,691111111 

'uolioulTlifT,91-uardflii'vancilmrf 
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4.2.2 IBM ild10141°1111`1101111r, 0'11 

irilnattocw19saivilm'ffucil4tilqrlienn-ntirdulainnwmpliiniCluniouTh 
ulklam113JIMM011411i3J1fUL0141911.1kItivi 100, 300, 500, 700 11.M.,' 1000 n1 iFlual blaw 

luvrfina: pH 6 9,0,011,19J 40 alfr1MIRItlff 
rnriiiiimaiminfitluNEvaarAtti7Aiumuctriant-utavilcisatiahmllifivi-Aulnklugi 	100- 
500 p,111M3310A1lrillit11101-11913:6e1 1000 n1111.111ildf119l1tnid11111,16A51itlb59Jf1111 
Nflf115V1Wdalbl,M1111,131.1f1;  4.3 ttd0d1115f1A111 T:,.',1,111,616151f1151fAille11011.filflilif111J1tillflA 

talDitiuitutoul,nitii3A14 IflElaltf1V19111f1T111i1V1101t15114 

•  

  

• 

   

    

100 	200 	300 	400 	500 	600 	700 	800 	900 	1000 

enzyme (00 

341;  4.3 NMOlf111141133J1fULDVI'lllif1V1111Jalfili110f1;iftflrfilt6AfldllfiLl 

4.2.3 113111talJr11911116tDn'Alitif194fIlltildhilltilit119.11:::ffll 
A 

	

LI1 D111M1141111MitilllilicUalhIVW1511 	(f15AfIVI117111) 
Ita'n7o1G12u GAD enzyme cht,11t,TMlf1151(111.16f15E1111S1f1dilfii,9 Iqt11911fililf111M1 

nondlll1d9f21 100-1000 F111N9J21 fniurnumlunmilqflioitaltaulcnifiaol LltJ41401111 

Ifilllaal1V1VIST1 TIVITVIT1111133,11t14111,V191IY1111flfl'il 500 p,1 frilllf111111f1114f1151i19*1101 

l'',111,M1111-131A 4.4. 

A 	4 A uminfriinnifilfluni5tilqMoicho 	Iqomiluiliult)nnntraminlywt5aolm 
U;t1t!,i-M11,11.1h 10 1-1111 t11 1 60 Mill  IflE1f1511A111111,i41J6f15EITV1 60 Will  ilf1111197°113J1f1fl'ilci 
U,112,T)flinmiliihtlitnAul 



100 300 500 700 900 

)1; 

4 

2 
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tdiDdlA11119119J El4dd9121 til7Lin1030117; 60 V111 	 activity INI1611 3.51 unit 
OAlltlaili  40 Will  1:641:01119flfri activity fulfil 3.42 unit 6'11.-1111:MlilL911112-'Vf3J114f115d41.1611301 
611D1W1.419flivaqiiTc1,1801110 40 11111 LlialTlfl enzyme activity I1i4I19lf141161,1 1q0191113111t1.1 

allr1101511 300 1.111E9ntIl101-11'111j10001.11, pH 6 119,t11141,111flAil 40°C 

substrate (u0 
— 	— 10 nuns 	-• 	20 mins — - - 30 mins 	40 mins 	60 mins 

11111 4.4 113111ildir1M7YILMn-Alf1171i11J4R30111D11,01119flif19,V11111/1h1I'11DaStarf 

4.3 daii3Enniird'AE11-101f1D101171131f11111-ffili1110011101411111V1113JY1'6f1141.18falDff 

TintlfiTatnni5rdovnIqt-viiintlummloul4toulT69,9-noraitnifuanciliaff 
c r11 1119J12,'MJcii111141fliTii0 4.2-4.3 1414 11,!fl1515.111d̀f1301 171,191011fiTI;VIITOL01419f1,1111T1frillil 

61611Dfrii7V12,1W1f11540flilitIllflillfill LthinuiminutillJETritii Tod PLP 

141J3111t1,11111111J1flfiqfl1141611 1.43 mg/g i/1141.DificIaNAraiM111411c11 ,10t1 5 '114 IAA 

44139-nanIA1111J71.11t11111111illigffM4 4,91 1915111911515114.1 
4 	_it, 	 61_9) 	 v 

0111111 4.1 111111tIlf11111111111111M191fl tiSLD1119111iirffiqlfl111TV110flT15g.',02:,TM1TILIllf19111fl14 

101,111ni91fftioinnutraw111911ilan 1.13111flifill11(mg/g) 

control 0 

5 1.43 

10 1.30 

15 0.99 

20 0.97 

25 0.63 

30 0.38 
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twiotillIArardiantuniviii149-mni5d41J6rqui4emmulcisalif9t,11t-nillthinouriluviiii  
1.13111tUf11111fiatiM111411i1110f1TWN15111,111'1110 4.4 

4.4 113111flifIlUiciffiVG191111YlicifilK1,90f1 

ifillitlIfililikfficlUilfltn151T1fletirrifilDflili5V.n,TM1 5, 10, 15, 20, 25 	30 ill 
411111illrilllildfl111111-141-3i110flTAIALIT11141TifillilDfl (control) 041611 

1.58-5.42 ail TOU111111139J1t11111flTrOWIlltlIJ 0.128 mg/g 1715Z;r1n1M-151011 5 114 LIM.',113111t11. 
1111119:.;fiatrpflNLIJD11411.1TtilDflifilliill 41ttrim1114 
91151511 4.2 11311tUflilfl A

rflq  IMMTV  
ITIA  

1Dfl1A  
52=1"Ml11110f1U91flvillill 

IIIER,11M1ili lills1011 (510 1.133.110,M11.11 (mg/g) 

5 0.128 

10 0.090 

15 0.080 

20 0.032 

25 0.024 

30 0.012 

4.5 11130111111.11.133.1101D111101flfl15f1KOTAUG11411M191flflllichilaRiJ1 bioconversion 

"lf191-17 -1,9ii 4.1 14V1601.D1419fai5n2,11fflf1151011fill,91flillfildliAtimithv,imillflu 
f115TAtrIVI5flfl1911ilfaltlf111J1 1Nll21 1?1'1131J1t1If1111141Vfai 1.43 mg/g 11011.131114161Illii 

Lliarivrtiotaulcui tufiatiJ3umiinfimEanain-nniirrfiolMouominqinfifliallanitA-) 

variihli'limminciviinimiinfiNS91141041wviflOOMM81/11014f115d11JaiTifil 4011T1 
4,116 ?M111431.111 4.5 
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5 	10 	15 	20 	25 	30 	5,qittla- illan (Ivo 

4.5 iriaiitunimillAlflff0,9513rilltL71fl9illell, :Q= 3~S~J1~llfll9J1~1~G1r11f1fl1Sflf1Glt7lFl`U1 JAI  

TtlaS1 • = inuituniulitkimni514taulninlmannhi5uanTsLarrdlqii3trrii 
M IVI AL71IMM1 



aid oFnhiu unnialfruatuf, 

5.1 0156G1c1131t11111M110011110.1 GAD protein 108111111flfifl Western blotting 

1f1G,I flf111ilfllsilfl -l 71.1M1,10 D(16U 0ALM419flif19,9111,9JYlilfili'llOfliitarfIq(1117L1(1flidfl western 
blotting 	41')9711,90f1a1311)33T1t11611D1101-119Sliflq911,11111kli'11011'111Mffilikliflflil 

1.1111111D1I1J16̀'11f10.0111.3.11/1;-14 f41.10flciftflff (1,M..61 3) iiFftfilllflfl'illillithilDfl11.41allii 1 (Tifii 

4.1) Komatsuzaki et al., (2007) 191dVi1lail 
.4 fl5n1114111510 f11-11-19n15,41,1111101.11'lliinp,olarainii'uonitardifl151/11111-111111A111111-1  g1111d 

fillTftiqL01,11, flifipo oliam&Iliiiianihrrfnaw',ffriqlvi'Analik-nt-11611an 

5.2 ligiThilliFIDGi0Flef)113J (activity) 'UN GAD enzyme 

if 6u10firrfigtoulni9infilfrifillanjvitAtilliMIIJEf13tHnlILIJAnnIqn9,911 
fiwii pH 4, 5, 6, 7, 8 1N9J21 971flfl12a pH 6 lillifl59M014 101-119191 

rnamirvilliulATiqquinniiiifil pH h ILM-,'Ll.M1111T'i1 pH 1711.11111, ralviaf115d1IO113(11 
91 

61101101419111"Ifiqiiill-10f4161.111,111f13J161101101.119f L1A15 -1<t 111 pH ili1111.M'VIIJ9i0f115Villidillf11 
frilA111111111.4iit11111fl(411611111iiitli‘ill-1111 1111,01-11.19A1,3(11A11Jfil pH c111111J1MATHT11 

GAD 0(111.11hl 3.5-5, enviTufAlicatflmhl 5.5-6.5 dlaatitl pH ill1111Mr(111111h4 6.8-7.0 
et 1VITIED141,1511 GAD `111/1111-1611 (Matsumoto et al., 1986; Satyanarayan and Nair., 1985) 

110fl91fl1d Saikusa et al, (1994) lArlfil 113111t11fl1111114114191-10E;111J1flilll1J1A41-Ifillilf1114 

Vfil1X„,ififil pH 111-1f15fl klrfA11411114i1101-119S11 GAD Y1111111ffilM01'n pH 	4,1 • 
11911)&1191flli-nili tilA',110 f11141115'1611 71111611,910VirliTa1111111MJ1fIlitl pH 4 iD1-119f319tI1i 

V1-11115f1`61111.41.illVtilLTIONRAfl111114 	4.2) 4\nlutilitalii9,cf rr fig GAD 101119f1,1"91f1 
61i111141101,161-10,9411 pH ilt1,1111,Cf9J9iDfl-111111116i11(11921111fl911161-14191.40d61.1r1101111-di 

1M1171114AilTdfl3E11)11ilf11116:91,1,vi 10 14111-60 lel1Vl 1N 9J J1 fill-M11111.41J11141-1LD1119f319. 

illaniffffairsirrtimngnloifinii&ehmtgavilluiu frillYNSAmin141Ruitannnii 
410,rmllultlii 4.4 1111141111f1A111fl111M15c011166701 60 111Y1 9:111")111 

ill1,11flfrilliM,11f1J3111tUfl11J11.11flfliTIITaln"Mlf1111114t13o-raaunii 
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uunwilideTlIAIJAntalmiimfunsonloiiinfilChlrmileiinaltavIcniiirrtio14)  
IfloWiliv1a1dLoulminlii 1000 Ili ALIMMU6IJNIii911tliflIflflpuR1ilfl 100 IA, 300 tt1, 

700 ti1, UM,' 1000 µl V119J4411 t1119.Yil tilitilliri3Jlitif15I111V11371f111.49h1 100-300 pi 
L0141,10,1t1,'IT11114143J1f141.4 Udtilt`141111541flqVIlilf191-161 500-1000 ti1 16111i1 fl")13Jr11111511% 
f1151i111111JOAt01419flifITii ItITIAIVIA151nfiflf1156119f11514111141101t01,11qtflUIM substrate 
inhibition 	811 1 ill 	5 VI 11 n Flu a '6'  lvl111J f15fJ1fi1Jtaul 	T7114glloii 
NS9IfitlicaAllillf11971 9Ufl5a1115159Jflflfl3 (TA 4.4) 

11411fIlAfIlITMOlil;  4.2.2 itI61611133J1fUt01119ALF13A111Jr,114a8 1000 ttl 

UdtrlDfiT1521191flfY31114111101fl5114%',1111,61(411MM11:37106011110111Tif 
111411 Alf1,!fila99t061'1131fl1111111flfl21  1000 in T,'IliiiNfl cv11111Tf111111134tallfl 0.10191fl 

3J1flfri1 1000 ill 

5.3 irillififfil1J1911/01-14111`11101) 

111111.1iiblkft1ff111f191f14111141A'l5efl4-)E1 70% ethanol ti10191116161t1f1-3VUO1 
Baum et al., 1996; Oh and Choi 2001; Komatsuzaki et al., 2007 L11111.,Tillntili tThfltlfM,Tififl 
f11111111,4U11 J 	 D01111191f141M7ifilKllan 

114114fi1-u;it1af1u taluern-rm,-itionmfflannn-ilii%.,10)vilflfllelitifffiqn-umin4-1-)114 
lituaAwnfiliituniullu41T11110fli11 5a,'M,'nflAtIllfldlltiu Y1J11 fna,11-11-1f115 

dionnenitiimuficuili-Atilan (control) i'5l6M11 
11-da1lii 4.4 UM'  4.5 Nflf111)7t1VIDflflh1611 Oh and Choi, (2001) f1;11111ri3J1i111111111141-1 
r101, 911-nuii"tdti 	9 iS:19100I1nun155on1l1nniilwutuv9 eNhilan 140t1Mil 
tilvroffl4alfiiilivanhltalrrimANi1101t1111ALLM,41114 

13:110f1 13 110 3.41 11/11 AllJaN1'11 (Oh et al.„ 2003; Miura et al., 2006). 114GUila'ill  11111E3J1ilifl1 
<4' 

11111119114 11-17 till UM', 18 ail 114610401fi5Dfl [Glycine max (L.) Men]linVflil;101-1 
LIIMIlitilititlEllifillt7111.;10f1 (Oh and Choi, 2001; Nagaoka et al.„ 2005) V111141AJ t7d0191f111-1 
1,11-iiIrmlanGt111Jurrnix,411111-1 1.0111,1i3fIlflinctql`WOJAflli-rnali,ntinfw 
GAD 14,991m114 Laulinivninmf11011V11i11411.4?111f11111 (Komatsuzaki et al., 2007) niqNn 
A1klilD111t1 tau 1111r,Willfl151011i411111111AUTILLIJNI101115aalTtlf1171,11A1110STS11111111h 
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ifillfal5011115filflIMMALII9JhflfltiOUla1111AfplAflal 	nnsnri5if10f115a2MPUD4 
MIS115,11101111.-IIASL91.41Tdf4"d1(11111411;1-1 fl1111 (Mayer and Mayber, 1982). 

Kuo et al., 2004 'litettarvivmaiirrawlkltill X13 al5D1Vrnitfil)flfa-,'Vf9J11113JAOT„',11fl 
dot, 	A1ii9Jermulltfion15iltfivili15"g111tarr151J5,rnaudt11 	IIJIAITOUltillfl151110 
(15V11T1.1f11540t1 

r- 
1.10fl91n1A Komatsuzaki et al, (2007) 

L'110191flf1171111(111‘110113.A1111V.Alillfl1510fl 

nim 14rifuta6srualluT051L911eflITTULA19Tudolno44-ni161611on 
LiVDthl115 h-anElniuniuvitiiarliwiataoNITaainnai 10 ilnyalt-mlan 

t.loilimin-runqn1111,f1uuvidnalluTostneriiiTunisi93tileualViudou 	1li'or1Jjoul1lLfh4 
n'15117.n109J Succinic semialdehyde (SSA) Iq1it011119S31 GABA-T Ildn.01.119111 SSADH 

11./iflif151f15114 1131-HUILITliflOtait191041Tflall (Kono and Himeno, 2000; Huang et al., 

2007). 

44a114 q1Ltt-Ifiviirrul9vialililtiliifl1561.161fl151i1111-1 6U0,91.01-119f11 GABA-T Ltdt 
ID1119f9l SSADH 144411 91'.1/9(111,1111139J1tUfl19J1f/ililJiitaK11011.ftiliflflfll 

LiJOLIEtnatnaiumn-rullu4TA14111.4iitldfil)1114 -10611.1/11;11 413ri1t1 
lAildi. 9111014fiflAttlhil4411')M 96 97')T111 ill  30°C 1J1RIMUfl11J1 1.49 mg/g tiviLriathantolu 
viiitanolaNsallthutrilihaittucial 2.49 mg/g (Ohtsubo et al., 2005: Komatsuzaki et 

2,, al., 2007) 	 ij1133J1t1.1 0.207 mg/g (Oh, 2003) YiliAlL)^151;:fl15illirlf11A',1 

haul-)ilti-mspnrua661,1w,;9;')OdA69.15im51,93tueuallSuvlitiltii-illnlslafl 	Lun49ifl 
flVAI -31.4 fl -15119IfliiPMY1111311131.11tUfl11)1ffIN11151,11'illf11540fl (Komatsuzaki et al., 2007) 

Ian 72=na1n154an vntahtfiii-3 	 niqr,laguiti197 
rril1Jmpl4u8 41-writ9atiiiti91111W1NLD111131011U1ol94f119v1J115umn19J1tilagm15uitil 
111flflillirdc1131111-110LOIJII?TattININfl 116191flt115ttitilii 30°C 14111 24 	(Matsuo et al., 
1997) ILarroonNolfia-naitnzitli 0. sativa ttnv LIMAilli1:1111,11,M1(Jirfltalli (0. sativa var 

japonica.) 11 tyliii'111.11,11,4101VPUUN1LOIM310111,1NOVit1191111J9ffintlif11111(LMAI5a11417i1 
g rrlflalLVIIJ6111.100113J1fl1145:11611fl151Dfl (Zhao and Jiang, 2002). 
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5.4 1113E11.11111.11.13311i1M11.11 

91f1M5fff1l11-11191f14111119.16110f1111J21 311131.11tlif1T1111.1111`4-1 0.128, 0.09, 0.08, 0.03, 

0.024 ttflct' 0.012 115vkreAlf1151af1 5, 10, 15, 20, 25 Lift 30 514 011141t11J iilVtDAflbsItill 

111.1548iirillAIJ11101 Oh (MI' Choi, (2001) filltrillRitlillfl11119Alldlalf11115•10fliJO1111-3 

Tool-w-lioilwinJ7knainimanniivoii 0.128 mg/g f/1112,'n-naltm 
in 5 	1i6191115,1Jti'M 5 iv :,-131..1ffM•1411_111D(J1 	 30 Jta 

liflifill111111/1512..'fl111A6l'ilifillultd151114IA5(91.1 	ilf1111111m7t9'ifutivIAtal9icwdou 

villiTcdiiiiii,vualn-nnitimAflaoalLt1O5VM1fllfl1540f11,111-1 
11 (Kigel and Galili, 2003). 

1.10f19indiin-tm-mnillonttiv iiu 	 1,11D491t1 
1_131.11tla,1111LIJA0flqfll LIMA11/1111131.11illf111.1117idqN111881141till 0.012 mg/g 

L5f1V1111 5t,'(1:1,1"Ml11111112:,'Vflifilifl151_1 71ilfM0tY1149h1fl15,10f11,112,-In.-,M1 5 

IlAISTL'Llthilt1113JMJIJ5iltl=illrilllitILLITIVIT,1:113Iflf114 b'f11/;16011.1ifilrlilifl111111 0.128 
mg/g 

. 1.0f1T1flld 111.1-)9014(.1111521f1A4lallIcifiltmolanl'gfili110f1WMILIV10100111.11111f1 

111411f1;41611Dfl (91f1t4dflll111 western blotting ItitQ11171/10fl8Trill  4.1) Totrvii146111-mnA 
erfiglaulcnii.n14,[1qii?umnalAtrunsgnunilAuniui 	vnuinl4taulcin.21 
1.1 4iT5t11f11INSAf111111141)MOM1ta1fl0114(=',311f1111v11LIA 40 	TAULD1.419c11111`aln-Idlflll 
•10f Ili 5 J1a 9Z-,'Ilfl'ithrillilltlfl1715'14113(111414i7k1:0 1=14113111ilifllIJ11.141611 1.43 mg/g 

tia2Silvznainl5lanumdu nilignuinGualmulgaiiiffriq149qa11111 
5:=1"1fl11.10f11111h1 5 il4L1,51111D1f11510fl rIl.Alli7.11.111MT11.1111fl15VItiqL011191911.1401i11.11 
115,111414f) 
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V 

1. 	f115TffiflL01.419511117Z,112,T3n1 5 	ff11115f19,113J1111iltr6flifJ1f115NSM-111111AJ1f1fl'il 
f115VriThfillili0e1A51911141-3i11011fil`f,E.1t,17d1 5 	tll 11.17 ail 1.',1111-1111,1fIffil 
1:41M.11491,'NSOf111J119,411MOMMOILMnithillildrAISVIiiilicAl iliVAV(141t1,1111JIAIM.1111 

aickmluphalniui vflaiitanfl1WRIVIrilJit-11flib1114D11115110141J5flOU9101011411 (food 
matrix) ililuchi4E1fli-Jati-onh4 

1.1 nivrTiEuvuTrinniuirp Iqdhinicurn5ifuiirmaalyl-vuumlAiniuirpiquth 

taL1101S11 GAD 171V1WA111iird (Yersinia intermedia) 113111t11 1.5, 4.5 UM', 12.5 f€1,510 
n11111AlfDlifilitg3JIGlanflT1111J1/1fifrilLIAJAIfil ltAfIdilfi'W (100, 220 Lma; 380 ppm) do 

iiimfuttill6tii-rafA 10 f151J 11-15 Z.,'11-illfl151111t11J11.71-41Aftilltililtlifllifle:411 (Lambert et al, 
2012) 

1.2 f111141 breakfast cereals in_51J1tlifl1111q1 di1191n9T140101-ALF1111.01119111 GAD 171?(fifl 

lAlflilI Va (Y. intermedia) a11119Stait.13Jf17111.1.alfifY)1111.43J41,1ilitIllflillfil,9 

Lt1111.111-10141.11t flOUNff1J11141611 -11111141.31111i14141,111 30 VA LLM.,'75 	011/1A1G11.1 
1N 9J 111J9~1J1f1dfl19Jlt1N1J911a 5 11r11 91fltri3J1flaVii1111001-11111,11111111villAn116f1 udlIA',99111 
fitT119_1(1114fI5v9ntlf115 extrution (160-180 °C) 	30 Val UM,' 75 1.11V1 9r53J1fliflqN 15% 

A 	51) 	q (Jove et al., 2012) 9f11.111-1910t119fl LUMIL1711111i1,11ildflTIJ111101111117401191fnillf01411% 

f11`1,'11')1.41115NSV1 

2.i'1.161401f111 TIA17 '0'11111141AI 011111,91.=6111401f11592"ifilliTTiLM-119fli GAD 
MIVfifl111911161TIAtillanlillnnnflini7lanlaittiu 5 -T14 

3. frnilf1151.719911-ilnif111J1V1IIINVI'Dlltilltclifl4'tdatfipronlilrimInFlvilamj (mouse) 
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