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Abstract

BACKGROUND: Effect of various light wavelength and
plant defense molecules were evaluated on the hardness and
the contents of free amino acid including 7 -aminobutyric
acid (GABA) in soybean sprouts.

METHODS AND RESULTS: Germinating soybean seeds
were treated with various single wavelength of light (380,
440, 470, and 660 nm) or without light at 25°C for six days.
Soybean seeds were also treated with stress-signaling
molecule ethephon or H,O, at the same time. Soybean
sprouts treated with 470 nm substantially raised the
hardness almost two times than the control. The free amino
acid contents were higher in 470 nm and H,O, treated
soybean seeds than the control. Nutritionally beneficial
GABA contents were increased by the treatments of 470
nm, 440 nm, ethephon, and H,O..

CONCLUSION: These results suggest that the hardness
and the contents of amino acids can be regulated by stimuli,

*WAIAZH Corresponding author),

Phone: +82-53-950-5720; Fax: +82-53-953-7233;
E-mail: sckang@daegu.ac.kr

** 35 A A X Corresponding author),

Phone: +82-53-810-3029; Fax: +82-53-810-4769;

E-mail: khbaek@ynu.ac.kr

which stimuli could be composed of various wavelength
and plant defense molecules. Especially, single wavelength
470 nm illumination has the effect of increasing GABA
contents with increased hardness.
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Fgou, A 6de AFE WS Holo] Tt Fo] A, A
o 6 Fub=o] e, & U A% T WeB7klA v
ALre] FuERer sl B ATHChoi et al,
2000). TS| FASTRE FE FREEHY Sk Aol
AoNA FEgkgo] A9 F7keb vl AEgE HRlth F
o] Wolrlo] FukER Adehs 1Y Folle URHAQ %
At sk ] depA e, A gkl Fhashs wF
i AR 3 Skl vlek 58] vlER]
Co| g7t @At s1lil(Lee ef al, 2005), 4238}
£o] TAHWEA 7hIkeL 53] trypsin inhibitor?]
gAo] Tty HuEY (Collins and Sand, 1976).
L2 e o = S R | et I s 4 S B
asparagine©| Fi= o] Wol] A H= Flo] wEql
t} (Lee and Hwang, 1996).

27 B4R AlEA 73 @il Sl 7 -aminobutyric acid
(GABA)+ glutamate decarboxylase (GAD) I <J&t L-
glutamic acid (Glu)2] €7H3Agle] 93] Uaz oz gak

+ whe ¥ 7R vjaEA opu)eiko|tt (Shelp et
al, 1999, Adeghate and Ponery, 2002). 21&°|4 GABA
o] g2 obx] alslA| ok RhH, FEolA e Al AY &
A gAAEAL 2 S oln] 2 & Qlvtk (Erlander
and Tobin, 1991; Mody et al, 1994). %3 GABA7} &
ot 72 (Ohmori et al, 1987), 43153 Avke FHO =N
E] 3] (Nakagawa and Onota, 1996), »Ed#A 24
(Hayakawa ef al, 2004), StHIE 52 4] (Oh and Oh,
2004) 5, A7l wfg- fojgt avE Frhe FES ATE
o] Bixo] gty HT IuleME I &%s A wop
GABASY] 3tds 57 A7l Aoy &7s0] 53 /e
o] AlgE I QItE GABAE 7|AIA Aol /4 oy
g, AL 4, € 74, AtaF, XA A3, oE,
WAEYA, AEFER 23 JHEAEYA T oY 71
AR AEG XA 3l A 242 theFst stellA diFo
2 wEA FHEvha 21 H3 90th (Bown and Shelp,
1997; Serraj et al, 1998; Snedden and Fromm, 1998).
FUES] wolago A e] F-9'H GABAY] s Sk <
TolM= B 9 F 78 olu)kAt (free amino acids)
& GABAY| 3ol 12.3% 5 A8k S, |l &
2] opiAt ol 42%E AAEI o, GAD gk Bl
ojuf ThE F-919] Ao nlal BE] oA ofF & S
HJo] HaE|3lt} (Oh and Choi, 2001).

e oz 9] 1244 AAZH ARFof|A e FQshH,
e i M B A e R B e e L
&0 e His 283 (Hangarter, 1997). A& tigt
Hlo] ofsto] FQ gk vha W} fste] A& 4%, 23
g ook 54 Hs ol AE B2 ATt &S ®
A3 vy 54 9 3] A= =l Al ddFs
n 2= Zlo] vzl Fuke A 71k T A3 24
e Al & A A o Aol vlal ko] A%
< AN SN FA sk, 53] 22 HEelA 9]

_I

n)

njato} Fx}o] v)go] w3t} (Kim et al, 1982, Park et al,
2002). SHAelA Aufgt A Fupse] nlsl Fae At
SOl 2] ghgo] 21, asparaginic acid ]
Shekol sull, T1jar wlepl e ko] 4] W FUFETAL B
IH At (Chi er al, 2005). o]efgh We]l A5k A& A+
7153 FA A E S8l Feo] A AR E Fosks
2 Ao (Kim et al, 2006), sodium %+ metal
halide lamp7} th¥-=22] Aol Fe o= T2 ARgEo] gith.

196037 el Wy xlo] H: 5ot Hgwte] wol o] g
53l gl Wgto] 2= (Light emitting diode: LED) &=
sk Aol 2lE AAate] FFEE FYoEA F5 Wy itk
LED+= AEE gejsto] e, 7134, 29 497k
HRgsl 4= glom, FH kst Abell o] g Qlt} 53]
59 Hok= @A LEDS £33 9 A& Al Fedow

T F AL FdomA v ddks wolst
1 = Folt) (Baek et al, 2010). 12y AA7H4] LED
¥ o2 gl gt B aiE tysh] ¢

G wlEEt AAolot,

2 A elME= LEDE ol&s 54 s 349 A 4
2EHA {5 EEEe] Ik A Al TR AE
of 23 89l F sl A% 9 g opw]Al, 53] H

S =2

SLt= THHl

T T AEEE S008I S dEdE
W AP Estatel|x] EoF ol FO] P, T3 & 7|7}
O 2 AAS 3 ARAER ARSIt A8 A 5
bgs W] oS 2] sl $A= 70% Ethanolell
T50] Aand & FHRFE AFe] WA &S w7k wkEst
o AIFEIItE FuEe Wol= E2+AE container (10.5
cm x 25 cm x 3.5 cm)°l| paper towelS Z1 4 J&
o] THTE Fo] & FH A7t 75 g4 kd 99| mijAHe R
2|4 Jsto] AAEIGITE ol containerts 724 o} #S
o] g3lo] w7 zhatold LED AM}F el Auj 713t 5
QF 747} 44, 380 nm, 440 nm, 470 nm, 660 nm I}732]
LED 3d& AHsl8lth #4+ 19 2~33] J& o}
container®| SFTE A4 W7klFoM, AEHA Fi= 3}
e Al 2 TR A 42 1 mM 559 ethephon}
5 mM H,0, €& Hrtete] dadellA Aulaiaint. v+
o] A= 25C 9] e FEAolA T 6t = qIth

62zt Auigt Tkl wiE (£7))9) AudE 7483
ok A T A9 okl 1.5 em A3 (hypocotyl
Hold A ) 0w e e 9% 2~3 cmY =] oz
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Co., Japan)E ol43le] 5HHEo® 43It (Hwang and
Park, 2011). 57827107+ plunger type< ©]831°] Hardness
test (test speed 120 mm/sec; load cell, 10 kg)& 35t

ek

S| oAt (free amino acids) &A1

e oAl #AS flste], " AAE 9t
trichloroacetic acidE ©]-83H= "] (Aristoy and Toldra,
1991)& Rtk WiAsto] o] &afqlt). w4 Hxd Fiks AR
1ge "AAPLE o]gsto] @A ol 715 FHE v &
20 mL9] 3% TCA (Trichloroacetic acid)®l] =<1 & &
3tetaitt 28°C o] Zgujekr]olx 241 st E3tet &, 2
AREElE 4°C, 13,000 rpme] F70E 15%83F skl A%
HS Atk AR EE ARG AFAE 02 um FEE F
st 73t F, F 04 mL o7k AES A Eppendorf T
BE §713, wg] oJHAA F 3% TCA 1.6 mLE 37t
SITHE 2 mL). {2l opr]xak 1-8900 Amino acid
analyzer (Hitachi, Japan)®Z 4]3}3]{th.

dut g nE

LEDA ¢} Tz 4=

THES tekst o U 2ARILE
A 540 FHow Qlslo] =4 FukEo] P4 SItKFig.
1). oI5 FHES 64 F AAE] AL ARSI o, w3t
gl A% ARl o dllE: A4d8HAl Sh= ethephon®] 75
of s Asfsiich. =S et FFNE Bk
doll ¢ e9lo® Agah-t, oM 62 Ft At T
UHEo] ¢ 1,006 gE WhEell, 360 nm FgolA Akt A
o] 1,782 g, 440 nmelA 1,776 g, 660 nmel4] 1,698 g%i.©.
], 470 nmolA A=t Zle] it 2,152 g2 7P ATt =
UTHFig. 2). 2=ell 2E#H A 8 54<1 ethephon A2
Tl FUE AT AstE A= o) Brle g9 ub
W, HO, A2 Al Ads B9y, 4% 34
Bt 1,150 g2 vz & abolE BolA| ol A=

[¢]
7HAZ e, S7hE Al oaf B A3 AE & 5 Stk

F2| OH|=At &2

T e ofu|aAl FekS nlwek A, ehAolA 71E
Tkl visl LED 3¢ AHelird) 2B fi shgE A
oA o] el ohrlnAl FHgo] FrlelgitiTable 1).
sl ] op|aeal SRS HlwE A3, 380 nm 9
& A FuEe AxY gram% F 88.61 mg, 440 nm
WS Aeet FUEL 10495 mg/g, 470 nmE A2 F
U2 13149 mg/g, 660 nm 3g-S A28k FuHE2 95.08
mg/g = HAeX 718 FE 87.62 mg/g °ll Hl3l 2T
57813tk Ethephon®t Ho O, & A& wle] & ofn|wat
g2 tlztel] visf 217+ 129.43 mg/g ¥ 121.38 mg/g o
2 55 oF 148499} 1.39419] F71E HSItKTable 1).

Fig. 1. Morphology of soybean sprouts by the
illumination of various wavelength and stress-
inducing compounds ethephon and H,O, for 3
days. The soybean sprouts were grown in dark
(D), 380 nm (@), 440 nm (), 470 nm (@), 660 nm
(®), 1 mM ethephon (®) and 5 mM H;O, (@)
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Fig. 2. Hardness of soybean sprouts illuminated under
various wavelength and H;O, treatment for 6 days.
Vertical bars represent means + standard errors (n=5)

el 6zt el Fpzollr FE5 opriAte] A
i U182 60.62 mg/g EE2 asparagine®] F of|i-
A oREe] 69.19 %E TV W2 e AR, T HeoR
GABA7} 7.06 mg/g &5% 8.06%%E, arginine, lysine,
glycine =02 7}7} & oAl 9=k 554%, 2.68%,
2.37%% AASAtHFig. 3). & frelotulat Folr 71
W2 HE&-S A8kl QI asparagine?} GABAS] A2
Sreke] Wsks Au R, ohle] ARE wRT) 440 nm, 470
nm, ethephon, H;O, Agjel] &8l T7keh= = B3tk
(Fig. 4). Asparagine<> 470 nm A2 A] 98.00 mg/g %
718 AA 57131, ethephonA 2] A 92.86 mg/g, 1%
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Table 1. Free amino acids contents of soybean sprouts

Amino acid

Contents” (mg/g of dry weight)

Abbe;Viaﬁ Nomenclature ~ Dark 380nm 440nm 470nm 660nm  Ethephone HO;
Asp Aspartic acid  0.9610.12  096+0.13 083023 0.83+0.33 0.85£0.03 144023  1.0020.12
aAAA ag;?ffi;? 4 004001 004001  005:001  0.06+0.01  0.04£0.01  0.05:0.01  0.06:0.01
Ala Alanine  1.0740.12  1.0940.16 1294023 1194022 1.15+022 1344013  1.14+0.23
Amm Ammonium 1324011  1.33+0.10  1.664024  1.69+024 1494010  2.39+051  1.68+0.12
Arg Arginine 4851049 497059  432:045 6.83+1.15 5774052  639:0.81  5.15:0.31
Asn Asparagine  60.6249.13  60.9749.66  74.33£929 98.0049.61 66.56+10.40 92.86£624 90.46+7.15
B-ala p-Alanine  0.06£0.01 0074001  0.08+0.02  0.08+0.02 0.09+0.04  0.11+0.04  0.09+0.02
Cys Cysteine - 0.05£0.01  0.05+0.01  0.04+0.02 0.04+0.01  0.04+0.02  0.06+0.02
Ethamin  Ethanolamine 0.12:0.12  0.12+0.02  0.15£0.02 0.1440.03 0.14+0.03 0132001  0.130.01
GABA Y“;Tiicn‘;_c??t 7.06£0.64  727+0.84  846+095 8504099  7.12+0.65  9.90+059  8.69+0.61
Glu  Glutamic acid 028+0.04  030:0.07  043£0.06 0.30:0.07 041+0.18  022+0.03  0.25:0.04
Gly Glycine 208040 2114040  2.64+029 302064 2312027  2.62:058  2.58+0.46
His Histidine  0.58:0.04  0.60£0.07  0.74+0.08 0.84+0.04 0.65:0.06  0.84+0.04  0.76+0.09
Ile Isoleucine  0.36£0.03  0.38:0.01  047+0.07 044+0.08 036£0.03  056+0.16  0.44+0.06
Leu Leucine 1234027 1254022  145+0.15 146+0.15 1194030 1.674025  1.35+0.12
Lys Lysine 235£020  241+0.12  2.81+0.36 2.87+034 2424023 2874032  247+0.35
Met Methionine ~ 0.22+0.09  02240.08  027+0.05 0.26+0.05 0230.12 0274006  0.23+0.04
Phe Phenylalanine 0.65:0.04  0.67:0.03  0.74+0.08  0.73+0.08  0.630.09 098019  0.68+0.28
Ser Serine 134008 1304008  136+0.14 1414015 1234005 1.66£0.13  1.47+0.03
Thr Threonine  0.84+0.05  0.84+0.06  090+0.05 0924034 081014  1.0040.22  0.94+0.15
Trp Tryptophan 0224004 0224005  026+0.05 024:0.06 0.19+0.01  0.19:0.10  0.20+0.10
Tyr Tyrosine 0474012  048:0.06  056+012 051012 0451005 061017 045008
Val Valine 095:0.02  096£0.02  1.11:0.17 1112011 095:0.22  1.30£0.17  1.10:0.18
Total 87.62+7.77  88.6148.60 104.95:9.97 131.4949.75 95.08+10.26 129.43+7.67 121.38+6.73

“The numbers are the means of the free amino acid contents in three independent samples.

I H,O, A2JA] 9046 mg/go® F7keRlth GABA:
ethephon AZA] 990 mg/go= 7P A F71sI8laL,
H,O, A¥] A 8.69 mg/g, 470 nm #&|A] 850 mg/g, 1
2]31 440 nm 3¢ A2|A] 846 mg/glE %ﬂﬂ?ﬁﬂk
njek opu)irke] A2 ghke] WakE vl & B

A A O % ethephon A2 of|A] ofw|iAl F7HE0] 7}5}

T PO, 470 nm9} 440 nm HTME S5

Ethephon el rel|x]= B-alanine©] 2.0191% 7Hg A
S7k3t%l.eH, isoleucine©] 15.34l, phenylalanine©] 1.51
Hll, aspartate”} 1.508l, histidine®] 1.44%] F7FH3laL
0.76v1 2 743t glutamate ¥} 0.858] 2 7448t tryptophan
S A3 7 8ke] BE ofu]n-AlollA] 1.11~1.398) Aol
S7Fe HSlth 470 nm AgTeIME glycine¥} histidine
©] 1.454l], arginine®| 1.414l, B-alanine®] 1.35¥|=% F7}s}
93, 0.87H]= 7F4x8t aspartates #|$Jgh 1 8Fe] B of

T Ak A 1.06~1.228) Ale]o] F7He B3It 440 nm A
oM s ol AEYA Fie 39hE ?1314011*1
T ftash glutamate7t 1.50802 7 =LA S7Felal, B
alanine©] 1.349) ZF7}slSith 242} 0.8991 2l 0.87v) = 7,;.&
¢t aspartate9} arginine< #|£]g 7 ¥ke] B= ofu|iile]
A 1.05 ~ 1.284] Ato]e] F7FE Bth HO 5 A2fst 3
U0l A ethephon 2] #} nR7FA 2 B-alanine©] 1.54
Wz 7P el S7keslon, histidine] 131 716k
th. Glutamate®} tyrosine 121 tryptophan©] 77t 0.88
ul, 0.974), 0.89u % FHAsIIANE, T Hhe] B ofu]iete]]
A 1.02~1.278) Afole] =71E HSTh

Aasparagine> ofxdlEl7baolA] Hzxg WY ofn):
Arow, AWM AR E 7ol Farobr| ik otk 11
U} AU aspartate Alo]ol] FEUols FaRkon oIE
Lot tiAtel]l #ofatzlel, opnu Y

A oAl 859 7152
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Q3 7155 kL St} Asparagine ™, 417 AL of
i ]
[e)

Asn
69.19%

Tyr 0.54%

lle 0.41%

Glu0.32%

Met 0.25%

Trp0.25%

Ethamin 0.14%

B-ala 0.07%
AAAA 0.05%

Fig. 3. Relative ratios of total amino acids in 6 day-old soybean sprouts

grown in dark.

@

Asparagine (mg/g)

Control  380nm  440nm  470nm  660nm  Ethephon  H202
Treatment

il

Control ~ 380nm  440nm  470nm 660nm  Ethephon  H202

(b)

10

o

GABA (mg/g)
IS EN

~

Treatment

Fig. 4. Contents of asparagines (a) and GABA (b)
in the soybean sprouts illuminated under various
wavelength and stress-inducing compounds for 6
days. Vertical bars represent means + standard
errors (n=3)

Zo|| Hofsin, gt ow frobd AR B ¢

IREAF 5O JYURE BHO o)1 Yk, Bed]
1

470 nmE ZAE w 1.6

Hie
e

asparagine©| ol FAE= 212, FuEe] 9% A
SHE 91814 470 nm2] GapES o] 8 5 S-S HEr

!

asparagine©] @ upg dloju} A& AEYA I 35
4+

2l

p

e

oA QA ohlit thile] BFAA ATL e

ethephon?} HO, Aol &Jal] Fup=olA o]

L v aAQl dsjol

TU=ClA GABAS] % asparagine thr O % §F
e M= el op|atoltiFig. 3). ]2l GABAE ¢
Ao 718 FUENE g oz =2 dRFe Bl 7.06
mg/ge] & HARL 9% 574 A<l 470, 440 nm I}
ol il oF 20% oS S7HES HGith HESE AlEe] &
EfA f3F 249 ethephond AL 7Ll oF 40%
U b okS UERYIQItHTable 1). GABAE zFiA|olA]
AApA Hxz BAE vgkez o)Ak O 2 (Steward et
al, 1949), 0159 EAl= AEY A wkeah= kA2 A
aE o, H 5ol AEYA W e s giate] dist
Mg A 242 A 5453 ok (Bouche” and
Fromm, 2004). 2= GABA: #v|, woldln], 153},
Bl Tl e gRFo R ¥ o] ol Ao] ¥R glon,
ol&et A}l AElelM o] A& GABA oz ofel=t
£ WEsp)ef HEsted, AR, U, NAH A T
53 GABA S THAIEE w8 EC] AlHaL Stk
(Bown and Shelp, 1997; Kinnersley and Turan, 2000).
B 288 Fajo] ojgddll 7449 2A1Q] ethephong A2
F& ol GABA o] 40% %°] TulEE Zlo] HojA|H,
THHEIA GABA & SUlE flalA] olEql Als A o
ol agA R o]gd & Q& 7S HoFr)h 3t 5
SHA Wl AEHA {549 tEo] 470, 440 nm I}
AnE A ow 2R 9ol GABA gl °F 20%
7k A&, Ao Anxke] wigto] AL EEA W
el 54 9 Azlel o Fikeelr] GABA s 24
& 5 Q1SS YEpich

olelet BE AAES T, THES] Fr9 9%
o Bojehs g ohv|waty} An|e} Hojahs e
A vpge] Wit A& AEA fuk B A TS
ok A7) o)t diiE ARy ofolaZelo] FubEolA
e A o F7kEe Zlo] WO Kim et al,
2006), 2] oh|wAtyt GABAZE 54 wbge] dlo ojaA
St A %9 Baolth FUELS 3 Sl
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ZHQ) AAgzA ol B F4o) We olgde] &
HH 0% GABAS WIEF ThF Qo RS Fovls
A7k A e,

A 2
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