4 EFEI A A5 Aoz
Korean J. Biotechnol. Bioeng.
Vol. 15, No. 6, 615-620(2000)

FIEAKCI0N 2Tt »-Aminobutyric acid 18| S

SOrHO|

te M g5 H R
Ajoysin ME3stn, 'fste MHZED
(B4 : 2000. 10. 4., A[x§5el : 2000. 12. 9.)

Production of the Quality Germinated Brown Rices Containing
High »-Aminobutyric Acid by Chitosan Application

Suk-Heung Oh* and Won-Gyu Choi'
Department of Biotechnology and 'Department of Life Science and Technology, Graduate School, Woosuk
University, Chonju 565-701, Korea
(Received : 2000. 10. 4., Accepted : 2000. 12. 9.)

To obtain quality germinated brown rices containing high levels of y -aminobutyric acid (GABA), chitosan was applied during
the brown rice germination. The GABA contents in germinated brown rices (1,035 nmole/g fresh weight) treated by 100 ppm
chitosan solution for 72 hr were higher than those of ungerminated brown rices (136 nmolefg fresh weight) and brown rices
germinated by water (771 nmole/g fresh weight) or by lactic acid (728 nmolefg fresh weight). In addition to the enhancement
of GABA, germination in the chitosan solution increased alanine concentration and decreased glutamic acid, aspartic acid
and serine concentrations in the brown rices. The activity of glutamate decarboxylase was also enhanced by the chitosan
treatment. Furthermore, germination by chitosan reduced fungal contamination markedly, compared with germination by water
or germination by lactic acid. These results suggest that quality germinated brown rices containing high levels of GABA can

be obtained by chitosan application.
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1&g AT Fri= gt

GABA= H|gdie] ofuito g FEY A FTFAUZAAY
Z5 A4 AAHGEZ (Inhibitory Neurotransmitter)2 4] 2
d#x Qth4,5). GABAT B A A dsluFe 24
sl FE9 AL o HFE GUSA sl NHAFFEE
F7HAA HAZY dA s FAATE Aoz gEHA Ao
(3). =3 GABAE prolactin®] #4], Agsage] Hu] zHo|
T o 3y dYggd ¢ B5gs 5ox &3l sle He=m
deiA glo] FElHoz e Fio] w2 EFHolth4).

T GABA AAd #AUH {3z =Ydl 93 AEAY
GABA AA4zHo] #3 B A7 dFelr 2d g &
u] AEAhl glutamate decarboxylase(GAD)Y} calmodulin f-82}
o] x9]o% GABAY #HE 337 A F Slgo] Fldu} 9
tH6,7). v FHA HE AFo] B =3 BYesn
Ue A7) Eo] tiete ZAsE & oW {FEEAN 2
A4S A8 o]&dte] A EAU GABA AN4AAE &
A8l AI71H GABAY ##s 7oz FAANYE + UL
BHS. A EEHY, WF AW Fr1Hoz B FHAS
A2 F49 wiF AEAN GABAY ##8 o 2vf 7HE =Y
T A AAFAKHS9). FIEAE JA Faig AEHA
FAaEA BHEA 1 A0} gEEE 22 3len(10,11) 4
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2ol AH4E A9 chitinased] YHFEAE 5 HBAY A7

3715 PHEAH} e Ao 9 Uthi,13)

Bep B Arlre $F woldnlg AR, N5HE
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AEANE YA 28317] BBl GABA AR B4
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24 WgE 29390
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y -aminobutyric acid= SigmaAl(USA)E A3} 1, amino
acid analyzer= Waters#H|(USA)S, TZA7ZZ7|= lshinAl AFE
(Korea)2 ©]-&3}4t} 14C-isotopeQ] B 93] BeckmanAl9]
LS 3801 liquid scintillation counter(USA)E Al&-3}4clk GAD &
A &3] A28 side arm flasks= KontesAHUSA) AE-S AL
Atk FIEAY L A AF2REH 4L F|dog ZAF go}
AT 90% ol4el R A 239 AEAE 5%
o mo AMEEGY 1 9 AL EFAES AL

#o| o}

Alg dv] 150 g& Eef28 §7)dA HAYSLE(GS50 m)
25~26 °Ce] L5270 Z Incubatoro| A WelAl#th 7o)
T 'S, 7B 5% F1EAIES 5008 EE 543l 100
ppm F|EAA S 2 whEo] AMESIAT, BAE 5% 24 500
vl 22 34319 100ppmo.E DEO] AMEEHT ol ALE
g 72t SAEL 1247 vt} AjRo] A 247t fdoE w
&3 FUch

GABA % ojojc-M £H

FIEAAE R QI3 Toldn] Fof GABAS &% WHIE &7
37 g8 ARALE viHE AR B9y deg e EE:
(12539 RN slelel 4ol F3UTh GABAZ Edhele
& 3o dARe(12,000 x g 15 min, 4 °OF F3td EU
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T REZE GABAES 23 22391, 1, 24 gARg2RE A
L A5ae Fete WedxEyh oo &% EE &%
% 045 (m PVDF ¥E Millipore)2 Aale] ofn =it a
27](AccQ - Tag Amino Acid Analysis System, Waters)2 4
81917, £F GABA(Sigma)d] #4739} vlmslel GABAS &
ZFg AE3STHS.9).

GAD &4 =3

#r] GAD F EANS A7IHE}H AEE f3 &1 o
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(23,000 x g, 20 min, 4 O L& F54E = FZ9
AH2-3t9TH14). GADY &4 Ling 53 Snedden &2
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Figure 1. Changes in the levels of GABA during the germination of

brown rices.

GABA was extracted from the samples (I, ungerminated brown rices; II,
brown rices germinated by water for 48 hr; III, brown rices germinated
by water for 72 hr; IV, brown rices germinated by water for 96 hr) and
analyzed as described in Materials and Methods. The data represents the
mean of three determinations with standard deviation of the mean.

stogx AAHck 2, 100 mM bis-Tris, pH 7.0, 0.5 mM
pyridoxal-5’-phosphate, 1| mM DTT, 10% (vfv) glycerol, 2.5 mM
CaCl, 200 nM calmodulin(CaM), 10 mM L-glutamate (2.5 pCi
mmol )] whg-elo] 2 Fid YFFL 7HFF 30 °C oA 30
£7} Shaking Water BathollA4] ®WFS-A1Zich WHS-& CO, trapg
93 199 flask (KontesAl #|Z, USA)E ARE-&lo] AA)EM 1
308 A¥3 wSAe 18 N H:S04 0.1 ml 718k k-4 £
FAF]3 CO; trap(0.1 N NaOH 04 ml ol THFE “C0,9
#F& AU AS7E &ste A 84% ALtttk
Calmoduling thdE A2"HINCERE 42 ANE AHS
393, T A gHeke Bradford H(18)9) olate] sk

SAHXz|

BE d¥9Zd%e FuIAFIXE BAERoH, 7 13t
EAH 94 74 GraphPad InStat Software (San Diego,
CA, USA)E o] &34 p<0.05 #FAA Tukey testE T3t 3
Fark

uiolChAlH GABA &gt tH3}

Hulg ERFE ARMNER 79 779 woldnE A
BaAck BAF F 48 AR AAAME o | mm 2719
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Figure 13} 2t} Figure 1A R ulg} Zo] E3E 4843
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7VAA G4 FHo] o|Fo] HI T2AIRE o]Fd| Wal= dut
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Table 1. Changes in the levels of GABA and free amino acids in germinated brown rices.

None" Water Chitosan Lactic acid
Asp 399(+ 13)™ 38(+2)* 50(£2)° 40(+2)
Ser 356(+27)° 86(+8)° 110(£9)° 101(+10)°
Glu 493(+21)* 160( £ 5)° 176(+3) 134(+8)"
Gly 29(+3)° 41(£5)° 56(6) 45(£5)°
His 112(+8)° 56(*+4) 79(£ 7y 96(+6)°
Arg 75(+6)° 75(+6) 96(+ 13)° 77(+8)°
Thr 40(+2)* 29(3)° 42(*5)* 34(£3)°
Ala 167(F 15)° 617(+48)° 873(+72)" 601(+59)°
GABA 136(+ 18)° 771(£50)° 1035(+80)° 728(+58)°
Pro 67(+ 10)° 57(+11)° 145(£27)° 64(12)°
Tyr 19(+2)™ 18(£1)° 23(£2)° 23(£2)"
Val 42(+3)° 62(+3)° 87( 7 65(2)°
Met 8(+2)° 1(x2)* 13(+2)° 12(+2)°
Lys 17(£3) 26(+3)° 34(£3)° 28(£4)™
Tle 14(£2)° 19(+ )™ 27(£3)° 21(+2)°
Leu 17( 4y 36(+4)° 57(+6) 38(+4)°
Phe 100+ 1y° 18(+2)° 29(+5)° 19(£3)°
Total 2001(+ 140)° 21200+ 158)° 2932(+252) 2126( 190)°

UFree amino acids containing GABA were extracted from the samples (None, ungerminated brown rices; Water, brown rices germinated with water;
Chitosan, brown rices germinated with chitosan; Lactic acid, brown rices germinated with lactic acid) and analyzed as described in Materials and Methods.
“The values represent the nmole of amino acid per gram fresh weight. The data represents the mean of three determinations with standard
deviation of the mean.

“Different alphabetical superscripts in the same row indicate significant differences (p<0.05) among groups by Tukey test.

Table 2. Reduction of fungi contamination in brown rices germinated with chitosan.

Imbibition(hr) Water Chitosan Lactic acid

0 nd nd nd
12 nd nd ‘ nd
24 nd nd nd
36 45(15)" 9(+2y*° 40(£3y*
48 52(+5y° (1) 24(+2)°
60 45(%.6)* 2 9(+1)°
72 31(+35)° 0 (1P

Total 173(*+21)° 14(+3)° 76(+7)°

"The values represent the numbers of contaminated brown rices detected from the germination tray containing 150 gram of brown rices. The
contaminated brown rices were removed and the remained rices were imbibed continuously during the given time. The data represents the mean
of three determinations with standard deviation of the mean. nd, not detected.

IDifferent alphabetical superscripts in the same row indicate significant differences (p<0.05) among groups by Tukey test.
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Figure 2. Analysis of GAD activity changes in germinated brown rices.
GAD assays were performed using a radiometric method based upon
L-[1-"*C]Glu-dependent '*CO; production as described in Materials
and Methods. The GAD activities were expressed as percent of control
cpm values (no enzyme added). None, ungerminated brown rices; Water,
brown rices germinated by water; Chitosan, brown rices germinated
by chitosan.
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Figure 3. Model of GABA production in relation to chitosan treatment
in plants.

Chitosan treatment can aid in the production of GABA through
Ca™*-bound-calmodulin mediated signal transduction. Calmodulin binds
the incoming Ca¥ and activates GAD (16,19,22,23) (solid arrow with
+). Ca”-saturated calmodulins could induce expression of genes
including GAD (7,27) (dashed arrow with +). This model was
generated with reference to the models of Snedden et al. (16) and
Snedden and Fromm (27). CaM, calmodulin; Question mark represents
unknown physiological roles of GABA.
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