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Studies on Various Test Conditions and Application of
Test Method for Lipoxygenase-1 in Soybean

Joon Hyeong Cho*, Young Mi Kim*, Hong Tae Yoon*, Yong Ho Kim*,
Yong Wook Kim* and Myung Ae Kim*™™*

ABSTRACT : This study was performed to clarify various conditions on the test of
lipoxygenase-1 and to establish the application of new test method for varietal improvement of
soybeans in order to decrease beany flavors. Potassium borate and Tris were used as buffer and
0.1M potassium borate solution showed the best result for the lipoxygenase-1 test. In the range
of pH 8.5~9.0 of the buffer, 2mM linoleic acid as substrate was effective, For color develop-
ment, 100yl of two solutions(KI and starch) were added to the half soybean seed, successively.
The substrate solution included linoleic acid was stored safely for 10 days at 4°C in refrigerator
and for 4 days at room temperature. The best result was as follows ; the 1ml of substrate sol-
ution[0.1M potassium borate{pH 9.0), 0.1% Tween-20, 2mM linoleic acid] was added to the
chipped half soybean seed in 1.5ml plastic tube, waited for 15 minutes, and 100yl of color devel-
opment solutions(5% saturated KI in 15% acetic acid, 1% starch) were added to the tube,
successively. After 4 hours, the purple color was observed in the upper phase of the plastic tube
in the presence of lipoxygenase-1 and milky color in absence of lipoxygenase-1. The purple color
was stable from 4 to 24 hours. There was no interfering effect by lipoxygenase-2 and -3, The
plastic tube should be placed in the tube stand without shaking during the lipoxygenase-1 test.

Key words : Soybean, Beany flavor, Lipoxygenase-1 test method.
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Table 1. Conditions for lipoxygenase-1 test

Condition

Treatment

Substrate concentration

Kind of buffer

Buffer concentration

pH of buffer

Solution 1

Solution 2

Solution 3

Storage time of solution 1

Storage temperature of solution 1

Amount of solution 2 and
3 for color development

linoleic acid : 0, 2, 4, 6, 8, 10 mM

Tris, potassium borate

0.05M,0.1M, 02M

8.0, 8.5, 9.0, 9.5, 10.0

buffer+0.1%(w /v) Tween-20+linoleic acid

5ml saturated KI solution per 100 ml of 15% (v /v) acetic acid
1%(w /v) starch solution

0, 2, 4, 6, 8, 10 day

4°C, room temperature(20~25¢C)

0, 25, 50, 100, 150, 200ul

rate(pH 7.0), 0.1% Tween 20, 2mM linoleic
acid) & 4ml F7} & 158 ZA2e 5 KEEE 2
(solution 2 ; 5ml of saturated KI solution per
100ml of 15% acetic acid) 9} R &% 3(sol-
ution 3 ; 1% starch)E Zrz; 400u1% YW1 44]
3 24N A F FEQ Y] ey Eg BEst
Ao} F EmEe #iRek & lipoxygenase-1, -2,
-37F HEE JEF 259 lipoxygenase [yl
EEo| EAldle FFFoIAUh

Hoh gfFoln HES RS 97 H8iA
¥yl o] f#ES 71X 1 plastic tube(1.5ml) el A]
Algo] Y= A= wio} T30t A A€ vig e
HRES 28 d9(lmm) # F, plastic tubedl] @
I EEBEE 1ml Mg F 5% AT F K
B 29 38 742 100ul B 4AI T Fol] Al
o] BeERE-S TAIIAT BEBEZS 0.1M, 0.
2M, 50mM potassium borate(pH 9.0)¢} Tris
(pH 9.0)& AH8-3t9 . 3 EF522= IETF
259 BBE L AR A

1) &iER =&

B Agolq d& e HiES 3L lipoxy-
genase [FfuB¢%el AFA=7 thE FFF o
1A% 2 £54 3NAER ESURES 2E
sl B Ak S84 934 +3
Atk Ay -8 1.5ml plastic tubeol] A =81
HAL EHEMSEE 0.1M potassium bo-
rate(pH 9.0)& AFE-39 T 71ElE HEH L
ggAdduE A FAsA st

Y 3l o
L BEF &L BREFHA

1) EES| BE

I3 1S FEANSY pHE 0.002 =43 ¥
linoleic acid®] F%x &7}l W& lipoxygenase-1
Bk 840 A% BenE I=E AR
43 23U lipoxygenase-1°] = F3F &
g ke Ve AglelA 2W linoleic
acid9] =71 ImMelA 23 7153 BHaRE
ol Yehr] A1Z3tg 1, £H 9 x4 vl sy
BEEEY) FUete AE8E BT HAF ER

L6 [ - o - Absence of supernatant
1.4 ~ ® - Presence of supernatant

12
1.0p
0.8F

04T
0.2p

Absorbance at 540nm
(=]
N

1 2 3 4 5 6 7 8 9 10
Concentration of linoleic acid(mM )
Fig. 1. Variation of absorbance by lipoxy-

genase-1 at different concentration of
linoleic acid.
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B o] Verx] gsttd, Hammond et al.®
o 2)&t4 lipoxygenase-19] ZAAA & 5%
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2) ¥RinH BE
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BREES ZAIS Adolth. BEMEgbol <3 Be
&< linoleic acid¥ |3l 4 F FH=
£ 2439 1 lipoxygenase-19] 2% Eefk B
RS FBF K %S H7HsE F 4
Fo FZ=E 2R EHme Ho A
oA E¥ pH7} 37185 BEMRETT S7het
7} pH 9.0014 7+ #3%3 pH 9.0 ool X =
BaT7l F43) Dolxls Fg-g B o3
A3+ lipoxygenase-19] #42 pHol| Ho]4o]
X pH 9.0904 &40 7 Edthes 21
APy, RFF @RS EEmol A
%S Ao HEMER{LY) T BWERMO]
pH 9.5914 7}4 =itk 2822 lipoxygen-

08

o7 b -o- Absence of supernatant

- ®- Presence of supernatant
06

o5 }
04 b
03 }
oz }
01 }

Absorbance at 540nm

h A

8.0 8.5 9.0 9.5 10.0 10.5

pH of solution 1

Fig. 2. Absorbance variation of autoxi-
dation of substrate and oxidation of
substrate by lipoxygenase-1 activity
at various pH levels of solution 1.

Photo. 1. Color development by lipoxygena-
se-1 activity at different pH levels
of 8.0, 8.5, 9.0, 9.5, 10.0 and 10.5
from left to right.
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pH 9.090 M BT 713 Fast.

3) RIS Ml WE

Bt} gl £ B Ads s=& ¢
B2A 0.05M, 0.1M, 0.2M2] Tris(pH 9.0) &}
potassium borate(pH 9.0) #& &l linoleic
acidg 2mM H7} ¥ 19 o2 545t 4
2o A BBl (Lol o3 WEREE S
AxE ¥ 29 2.

potassium borate A o)A 2WA 0.
IM3} 0.05Mell A Ajzte] ZH=bglel| thel B shlk
it 3=7F F7H8HA A 0.1Mo A o4 QFg & 73
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ol BerAE Aoz vehgon Tris AREHH
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lipoxygenase-12] Eft fEiol <3 REKES
ZARE Ald A9 JHes FBEE 0.4 o)
€ e edlE 5~6213t0] &aF A 0.1M
potassium borate A e 4217 AEH 4
Hrhed BeaRms Jetlo (29 1) 0.0sM
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Table 2. Absorbance variation by autoxidation of linoleic acid in different concentration of pot-
assium borate and Tris buffer for 5 days at room temperature

Time

Buffer (pH 9.) 0 day 2 days 3 days 4 days 5 days
M Potassium borate 0.06 0.72 0.68 0.56 0.5¢4
0.2 Tris 0.25 0.64 0.87 1.06 -
M Potassium borate 0.22 0.67 1.24 1.30 1.66
0.1 Tris 0.03 0.69 0.66 0.60 0.56
M Potassium borate 0.19 0.93 1.53 1.68 1.86
0.05 Tris 0.06 0.43 1.39 1.53 1.84
0.50 20, 2mM linoleic acid) & FH|3F 3 22 Al o)
ous | mo- Absence of supernatant A 4ce) WAms e (20~25C) A Beae
: ~ ®~ Presence of supernatant
g 0.40 } A 2AASR 108FQY BE9) BEELiLo) 9
5 0.3 B GMPFEE ZALEIGTHE 3). 4Ce ¥
: g;g r of Ba¥ 3¢ 108 F=/MAE I, A
! LSRN E 4YFEAAE GO YR
< o015 b Bl & linoleic acid7} @ &hEg(r s 7] uff Fof] A &3t
0.10 ¢ Agd0E A + g& Rz AU
0.05 b X
o o Hammond et al.?& XEHERS TiEHMElL gas
15 3.0 45 6.0 e sled 4ol A 253 kA E A m e 5 Yot

Observation time(hour)

Fig. 3. Absorbance variation of oxidation de-
gree of substrate in Tris buffer by
lipoxygenase-1 activity at different
observation time,

Tris 2+ 0.1M potassium borateE i£#A
Wz AMgete Zol Bo Gz Aeg I
[Zeohe=

4) BERHES REM
HHEESY RERS THIA £E7EKE0.
1M potassium borate(pH 9.0), 0.1% Tween-

3 Bused, & AP oJsha Timtkit
gasg A glelx 4colA 10874 Hgate] ¢
HHA AHEE = AU

5) WERRS FE

BEBEMS) 39 linoleic acid7} lipoxyge-
nase-1°| o3} Efr= o) @RS A5 o
W REEW 28 Hrtste 9 KIoA Sxole
< WEst 7 A8 F KEER 30 e A
3 25ty el JeluA Hed A%
o 3 KA 2(5ml of saturated KI per
100ml of 15% acetic acid)$} KEEE®E 3(1%
starch solution) o] A7}ek s IR HJIES

Tabie 3. Absorbance variation by autoxidation of substrate solution at different temperatures

and storage periods

Period

Temperature 0 day 2 days 4 days 6 days 8 days 10 days
4C 0.01 0.01 0.01 0.02 0.02 0.01
Room temperature 0.01 0.01 0.02 0.07 0.31 0.36
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Fig. 4. Tendaincy of color development at dif-
ferent amount of solution 2 and 3,
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rate(pH 9.0)< 4ml H7AZ § 158 AnF
RHEsmE 2(Z3k9 KI 89 5% &89 15%
acetic acid) e} RHEHEH 3(1% starch)& 24zt
4004 H7EA 71 3L, 4AIZE, 24X 73} F AR
do] FEMEE HIE BASUY. F EEO|
oA ¥ A ¢ AEFF 25 mEH AN
= AN AT AEdo] Helaloz BT
A 9k lipoxygense-1°0] Y& L3E fEE Q)
Aol e AEde) wat weRES IS
F AP THARR 2-A).

ALzl 2-Bol| A HE 2447 ARFo e 2FF
HEH A malde) #HaRfEe] A 5+
9k 182 & lipoxygenase-19] &8 & A
71 e A F 4~24A3F ojuir}t A

ol
o ob 3o

A : 4 hours

B : 24 hours

Photo. 2. Color development of lipoxygenase-1 for check(C), Jinpumkong(1), and Bukwang-

kong(2) at 4 and 24 hours,
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Photo. 3. Color development of lipoxygenase-1 at different buffer solution. C, 1 and 2 indicate
control, Jinpumkong and Bukwangkong, respectively.
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X lipoxygenase-12] FF7A3 o) »HE3ht Tris
HT}E= potassium borate’} E#Folnr aFol
A1 0.1M potassium boratez} 7+ E3ch(ARA
3-B).

2) RIBME RHE

A& L lipoxygenase Fful®o] 5271 oF
2 A% 2 58 /1A B AdE A 4
WS Feste] BT BERES AolE RAL
gozM B mEske] 8848 v 4834
37 A3t L JEd HEGHER(0.1M pot-
assium borate (pH 9.0), 0.1% Tween-20, 2mM
linoleic acid) 1mlg whst 2371 A AR 2 QA
(Imm) =2 ¥k ] #F 7} & 7} plastic tube
of Mlste F1 1589 REAT 5o x3kd
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Photo. 4. Color development by lipoxygenase-1 activity of several soybean seeds.

A : c. Control 1. Jinpumkong 2
3. Jinpumkong 4. Kedelee

B : ¢. Control 1. Jinpumkong 2
3. Hangkeumkong 4. Eunhakong

C < c. Control 1. Jinpumkong 2

3. Namhaekong 4, Danyeobkong
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