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A method to measure lipoxygenase (LOX) activities of large numbers of samples
using benzoyl leuco methylene blue was investigated. Firstly, effect of buffer reagents
and pH condition on the reaction of benzoyl leuco methylene blue to methylene blue
(LMB colorimetric reaction) with tert-butyl hydroperoxide was determined. Optimal pH
was determined to be 5.0 and the acetate buffer was the best reagent among phosphate,
2-morpholinoethanesulfonic acid, 2-amino-2-hydroxy-methyl-1,3-propanediol and glycine.
Secondly, LOX activities of purified soybean LOX and crude extracts of soybean seeds
were determined. Enzyme samples were incubated with linoleic acid, and the amount of
linoleic acid hydroperoxide formed was determined by LMB colorimetric reaction. This
method was successfully applied to these samples and was very useful to measure large
numbers of samples, although when the concentration of extract is too high, it is
thought that the turbidity may interfere the measurement of absorbance of samples.
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FITHbH, PIZIE, FEHSHIZ, KEOMLIZBIT S LOX IEEOZE 258 L TWwW b A, O KRS M
PRRT AL A EIE. YU TVEBE T OEEICRLENHD. L MEXDDB Y FRAL
MEMERITH S, T FKRA V MET, RISEBRYORGERE Favt 3y FEET 53 & L
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EoT, DLEOREOFT, WEDLIAH, ZiiTAFLR TR YA VOL IRAF LY Th—%
AV EPRDFAF LR L, MZBICHER D v, 2ol ETIE, LOX TG X 0 Ak L 72 IRiifE
RNV FF YRR, XUV VAL TXFL T IV— () 2 AFL 70— (Fth) ([T£8Hd
A5 (LMBFMOS) #FHA3 5 (Fig Do AR L7zAFL 7V —0WotE (660 nm) % &
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[ReactionI] RH + O, ROOH

. hemoglobin
[ ReactionII] ROOH + LMB g ROH + MB

Fig. 1 Schematic representation of colorimetric determination of LOX activity using benzoyl leuco methylene
blue.

LOX, lipoxygenase; RH, fatty acid having 1,4-cis, cis-pentadiene structure ; ROOH, fatty acid hydroperoxide;
LMB, benzoyl leuco methylene blue; ROH, hydroxy fatty acid; MB, methylene blue
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M) (214 g @ Triton X-100 22 CTHEMA L. ACTHRAF L7z CIE LT, 50 mgDANEZBE U % 1
mL OFEFKICHEHE L, Ty RY PV T Fa—TI5ELT- 20CTREL. 7 vt A 2479 EAN,
AE CHEMHEL, BIREZSRICK L7z B 115 mLIC A 100 u L 2z TRE L. REWEIE
Il o722 2AHT BilE AMEZREGT S LEHET L BWTENICRS), SHICCH%EL3 4 L
ZMATRALTLMB 32 MM L 72,

Table 1 Buffer reagents and pH used in this study

Buffer reagents Phosphate Acetate  MES-NaOH  Phosphate Tris-HCI Glycine-NaOH

pKa 2.1 4.8 6.2 7.1 8.2 9.6
....................................... 2
3
4
5 5
pH 6 6 6
7 7 7
8 8
9 9
10

The concentration of buffer solution was 0.1 M.
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2—4 fert- 7F NV Fa~) i F ¥ FEEROFRE L LMB %6500

Table 1 128 L72#@ 9 mL I LT, =%/ — V% 1 mLMMA, &R ERAE L, ZomRi%z
AWT, tert- 7F Ve FRENXLVFF L F%2 05 - 16 mM DEEICHN L. 4 707 L — MIFIESE
D lert-7F NV POV FF Y FHEPREEZ S0 ¢ L Mz7z (n=3)e T, 8WMERy ¥ —%H\T
LMB i3 % 150 ¢ L 920z, 5 10, 20, 40, 60, 90, 120 3k~ A 7 a7 L — M) =5 =% H\T
660 nm DWOLEE 2 L7z. WEid, 20CITEE LN TIT 2 -5 72,

2 -5 LMBZ3fE2FHL2KE LOX & KT LOX iFHH &

55 mg DKF.LOX # 550 u L OEREKIZHENP L, Ty RY VT F 2—=T1250F LT - 20C THREF
L7ze 2HEORGWMAE (LXFXD - 359FX2H) 100 g2 —EKLADHIZ, K%E 500 mL iz <
N “'r‘H‘ T Lo B2 S5 LTHL, Q‘E’i’l/’\/ FV7F 2= L7, 4C. 20400 x

5T 10 RO L, EiEE T yNRY RV 7 F 2 —7I20ELT - 20C T L7z KE LOX &
ﬁPﬁﬁ?@?ﬂitﬂdﬁ@ﬁ’ VRV HEBREE. MM F Ty FHEOTIy K7 —=F7arf r 7 v L4 (B
i — K :5000006JA) =\ Tilllg L7z, B, Il 7 )V 7 2 ¥ FractionV % 288 KB L
72b D% w7z,

BEF AR IE. 10mM )~ E#EE i (pH 6.0). 10mM V) ~ ¥4 (pH 6.6). F 7213 10 mM Tris-
HCl #& i (pH 9.0) 12, %7 V7 3 ~ FractionV ##EE 10 u g¢/mL Nz 72 0%RA L7, B
FHEPEE T, BREEZ 1710 5 1/7290 F TRIFHM L 720 TNENOEER/RIE (n =4 %
XA 7L =245 u LMz, E5IC8HMERYy ¥ —%PnT, =¥ /=, F/idV /- VLY
J—ViER (40mM) #5 u LNz (FnFihin=2), 5 MEMTHE LD B2, LMB i3
QMY NRy ¥ —FHWTI50 u LT2%ML. ¥4 707 Lb— 1) —F—% T 204512 660 nm
DO Z % L7ze LMB S8t oM ikid. 01 M BEREER (pHS.0) ZAIH L7z, [
e L, %iﬁﬁﬁ9§‘ﬁbly/—w%lﬁﬁﬁbtmm%mwfwn7%»&Fu&wﬁ#>
F#& 05 - 16 mM OBEEICHM L7z Sha 50 u LI>2v 42787 L— MMz (n=2). I
LMB J8taik3E 2 2 TUEEE 2 HI5E L7z 05 - 16 mM OWSEED S 0 mM OWEEZ = Liwiznt,
tert- 7F Ve FEAUVA £ FREICH L TIOGEEZ oy ML, 2IRBEE 74 v 74 v 7128 ) 2KkA
BRDIZe W, V= VEBEE D EE T TV ORRERS, T ) — Ve RS TV o
WA E L&, Cofizx 2 RAOMBEEITRAL T, BEERBICE>THELZY /= Vit Fax
VI F Y ROERER tert- 7F N FOX)VAF T FONEE LTEHE L, BEERD &EIEIX. 20T
L:?&“%Ltfﬁ\]f‘ﬁ&oto HiEEE, 3HOAGMT— 7 MM LT, 1 RKoEE 255 L7z,
RSB 5 LOX i 10U, 14 RMICAER Lz FaxvtF 2 F4E (ypmol) EEHRL.

2 -6 AT & 1EX
EARWFE, IRBIO2KEE 71 v 71 v 7 EHiERIE, 4270y 7 b2t (Microsoft”
Excel for Mac /S— 3 3 >~ 1630) #HWTEHE L.

3. #BF

3—-1 tert-7F Ve Fa~utF ¥ FZFH L7 LMB 38t 56 O AT

LMB &t e 2k # 2 pH 411 & fR i % g 3 5 72012, Table 1 2R L 72 EHR CTRIG % 1T -
720 Fig. 213, BB D tert- 7F Ve FOARVF F 3 FIEEEICH T 5 660 nm OWIGEE 70 v
FLZZBDTHD (tert- 7F NV Fa U+ F T FOEE 0 mM - 16 mM. Ut 20 5#%). &kiZ, Fig.
20 tert- 7F IV FONRLVFF Y FiBRENR4 mM O L XOWSEENS, 0 mM DL ZDOWRGEZ 2 LT
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Fig. 2 Analysis of LMB colorimetric reaction with various buffer reagents and pH

Absorbance of 660 nm was measured with microplate reader after incubating tert-butyl hydroperoxide (0 - 16
mM) and LMB colorimetric reagent for 20 min. Data indicate the averages of three measurements. t-BuOOH, tert-
butyl hydroperoxide.
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Fig. 3 Analysis of pH optimum of LMB colorimetric reaction

Absorbance of 660 nm at 4 mM minus that of 0 mM of Fig. 1 and pH of each buffer was plotted. Optimal pH was
determined to be 5.0 and the acetate buffer was determined to be the best reagent among reagents tested,
regarding pKa of acetic acid and buffering capacity. Data indicate the averages of three measurements. Error bars

indicate SE.
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Fig. 4 Time course analysis of LMB colorimetric reaction
Absorbance of 660 nm was measured with microplate reader after incubating tert-butyl hydroperoxide and LMB
colorimetric reagent in MES-NaOH buffer (pH 5.0) or acetate buffer (pH 5.0) at 5, 10, 20, 40, 60, 90, and 120

min. Data indicate the averages of three measurements.
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WAL, BERO pH IS LTy b L7 (Fig 3). Fig. 375, LMB %t id. pH 40
- pH 50 DRFICH DBV I b a7, %8, Fig 2 OREEEEO T — % Tlid, pHA0 D H — T D)
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Tholee TOMMIEDEZAAYWTH %,
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L-3 ® 3FH D LOX 74 VH A4 253 575 Fili pH S22, 60,6690 THb Y, #Z T, pH =60,
6.6, 9.0 DS T B Z# TR o720 Fig 513 MH L2 KE LOX Z W CEEZENEZMZE LR TH 5,
HiHMEE, 8.10 U/mg (pH 6.0). 846 U/mg (pH 6.6). 457 U/mg (pH 90) Tdh -7,

WIS, REFET-OMBHEEHWT, LOXETEZHIE L. KEOMFEE, X Fs) (F@EKE) &
FTFERh (LOX VAKYE) #HV, §353hd, RKEOHFRAZEKRT L2HWTHEREINKE
HT-O3HEHDOLOX 74 VH A A L1, L2 L-3%24aTRET MM TH 2 W KEMT-%2 —Blk S ¢,
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Fig. 5 Analysis of enzymatic kinetics of purified soybean LLOX

Purified soybean LOX (Type I-B, Sigma-Aldrich code: 1.7395-15MU) was dissolved in H,O at 10 mg/mL and
diluted with 10 mM phosphate buffer, 10 s g/mL bovine serum albumin with indicated pH. Enzyme solution (45 x
L) was incubated with 5 gL of 40 mM linoleic acid (ethanol solution) for 5 min. Concentration of hydroperoxide
was determined by LMB colorimetric reaction with standard solution of tert-butyl hydroperoxide (left panel) .
Specific activity was determined with three dilution points (right panel). Specific activities were determined with
slope of linear approximation. Data indicate average = SE (n=2).
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KCTHER L7249 v TV it Ol L7z BiE 2 ML TRt 2 E L7z (Fig 6) T3 %%% (LOX
L AKE) TIEVLOX A SN olze X F 8D (@ AE) OGP, 167 U/mg (pH 6.0).

364 U/mg (pH 6.6). 405 U/mg (pH 90) TH o720
C@i?l\ﬁﬁﬁﬁbt@ﬁﬂmﬁd?ﬁ%ﬂﬂ@ﬁmmﬂ LIEZR CHETEX B Z LW Gh o7

LA L, M OBEESEVEEIZ. B34S (Fig 7)o TOHMIZESDEZARHTH LA, IF
DA B 2 T 5 ’i\&E#Z%T%éO
4., =

VEF IS —¥ (LOX) 1F 14-cis,cis- XV ¥ VI U E %2 AT BRI EEZ 0T 2464 L IR
e Faxut®y FEERTLHETH Y. B - i - DO EBEME O G & M %,
70, HHTEMICBLTIE, BEBRLZANALTH 7 7L —N—%24K L, AMOWEEZETIES,
HHELIE, REOMTICBT 5 LOX OB 278 L Tw AT, ZHOMAEO LOX 23
BUFENREL, SR IA VO L IAF LT V—%FH Ly FKRS v MEZWKRE L7, Ko
FEA FIRE O MR TIEE D 23 U CTHE IS TFH2E U A RS 5 25, A E 3 UM
MR CFHTED e Gho7z. Ty RELZLOX CEEBRETHOEELEL -0 T,
HIHHICE TN AR EBEAEIEICHES LT AR H 5, MBRHEIC X ., IRE &g % B
et L0EEOEHMEE T EEZIE TE 20D %,

Llaat UGl sE i, RIS ERY O LR EE tert- 7F Ve FRALV XY FEFPI LT
L ROVt F Y FYLEE L TRz, MPOBEORE. EEORISAERWIZTEICY /- VB Fo
NUFFYREY )L YBE FERLVEF Y RTHLA, ThH0e Faut F 32 K& LMB JstiddE
L DORIBDIFITIZONWTIEZ, SHOBETH S, MHIZBWTIE, 13(5)-Y 7/ — Vg Fax it ®
K& tert- 7F Ve R FF Y FRWRENT L7277 =725 0. 13(9)-1 /= Ve Fubt %
FOFD5, #5650 R LAMESIN TS, —F, LMB i3I 2 B AR O B IZ D W T,
LSEOWZECTHET 22 LA TE2, Tl pHIZOWTIE, B LR URERE o725 BiiEs L

Y YRR A VA LD b BRI E VS HEMENRTWA Z EAVRE Nz, LMB 5
BRI L tert- 7F NV FOAVEF Y FORIBICE LT, ABFEDOF— & L EEH Y 2 5 L5 14% T
Hotzo LA L. LOXWEEZMES 2 ETEM LOMEX L2 72,

SHBET L2 EORESL, L— MEOREL OREIZ, SHOBETH S, L— Mk, BES
OHEZ EFEICHNETZL2DT, I AT AERRBAROSHEEDORE 7 & BEH S BETR % fhT
TH5HMIZIIER TS, L L. ZHROBEKENET 2 LE» D256 T v TV O %
MICHIRT 55813, = FRA Y MEPEANTENRL TN S, 5%k, S0RET LGN EE % H
wf\ﬁmﬂmiﬁﬁ&bﬁéLOX@@@?@%%ﬁwa<?IT%éO
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Fig. 6 Analysis of enzymatic kinetics of crude extract of soybean seeds

Soybean seeds (variety Toyomasari, normal soybean; variety Suzusayaka, LOX-less soybean) were soaked
overnight and homogenized with water. Homogenates were centrifuged and supernatants were used as crude
extract. Extracts were diluted with 10 mM phosphate buffer, 10 zg/mL bovine serum albumin with indicated pH.
Enzyme solution (45 xL) was incubated with 5 gL of 40 mM linoleic acid (ethanol solution) for 5 min.
Concentration of hydroperoxide was determined by LMB colorimetric reaction with standard solution of fert-butyl
hydroperoxide (left panel). Specific activity was determined with three dilution points (right panel). Data indicate
average = SE (n=2).
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(A) Soybean seed extract (B) Purified LOX
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Fig. 7 Photographs of microplate of after enzymatic reaction and LMB colorimetric reaction

(A) Soybean seed extract (LOX-less soybean, LESS; normal soybean, NOR) was diluted with 10 mM phosphate
buffer (6.6) , 10 g g/mL bovine serum albumin from 1/10 (row B) to 1/7290 (row H) , and incubated with
ethanol (EtOH) or linoleic acid dissolved in ethanol at 40 mM (LH) for 5 min. After enzymatic reaction, LMB
colorimetric reagent (pH 5.0) was added and incubated for 20 min. Turbidity were observed at row G (1/30
dilution) and H (1/10 dilution).

(B) Purified soybean LOX (Type I-B, Sigma-Aldrich code: 1.7395-15MU, 10 mg/mL) was diluted with 10 mM
phosphate buffer (6.0), 10 zg/mL bovine serum albumin from 1/10 (row B) to 1/7290 (row H), and enzymatic
reaction and LMB colorimetric reaction were done similarly as (A). After the reaction, a photograph was taken
through transmitted light. Turbidity was not observed with purified LOX.

(Both A and B) Column 1 and 2 are standards (STD) of teri-butyl hydroperoxide; 0.5 mM (row B) to 16mM (row
G). H1 and H2, LMB colorimetric reagent (pH 5.0) only.
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