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ABSTRACT

Myrosinase(thioglucosidafse, EC 3.2.1.147) is the only known S-glycosidase,
which belongs to glycoside hydrolase family 1. Myrosinases are mostly found
in the Brassicaceae family, and catalyze the hydrolysis of secondary plant
metabolites recognized as glucosinolates. In this study, myrosinases were
isolated from the white mustard (Sinapis alba) seeds which are one of the
richest in the enzyme. Its thermokinetics, substrate specificity and effector
compounds were investigated. The enzyme was purified from white mustard
seeds by a sequential processes of ammonium sulfate fractionation,
Concanavalin A-Sepharose column chromatography, and gel permeation
chromatography. The purity of the myrosinase preparation was confirmed by
native polyacrylamide gel electrophoresis and on-gel activity staining with
methyl red. The molecular weights of the two intact isozymes were estimated
to be 171 kDa and 476 kDa, respectively. The optimum catalytic reaction
temperature of the major myrosinase was 43C and the activation energy for
its inactivation was 183 kcal/mol. Its Km and Vmax were 1.03 mM and
270.27 pmol/min for allylglucosinolate (sinigrin), 3.77 mM and 29.67 pmol/min
for 4-nitrophenyl-B-D-glucopyranoside (4-NPG), and 0.12 mM and 82.64 u
mol/min for 3-indoxyl B-D-glucopyranoside (indican), respectively. Being
compared with sinigrin, neither 2-(hydroxymethyl)phenyl-B-D-glucopyranoside
(salicin) nor indican was a good substrate of the myrosinase. L-Ascorbic
acid, a known cofactor of myrosinase, showed 4.0-fold and 1.6-fold activation
for substrate sinigrin and 4-NPG, respectively, around 0.3 mM but inhibited
myrosinase activity at higher concentration than 0.6 mM. Sulfur-containing
compounds including cysteine, glutathione, 2-mercaptoethanol and methionine
showed different effects on the enzyme activity depending on the substrate

used, sinigrin or 4-NPG.
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1. k]i

T

&4 myrosinase(EC 3.2.1.147, thioglucosidase, thioglucoside glucohydrolase,
sinigrinase)¥ 18391 Bussyel 98l AxHM A A S 2AE T Bussy,
1840). Myrosinase’} A% S w albumin¥ Al 2ol FAFStiL  sinigrin
(allylglucosinolate, 2-propenylglucosinolate)®] 73l #ofgttyar  s}o]
myrosin®] &t ™ 331 2 th(Bjokaman, 1976). Myrosinase:= glycoside hydrolase
family 1(EC 3.2.1., B-glucosidase, GHD)el £33l G20 AwE FLsHA
&l

myrosinaseZ A 9|3t GH1o &3t §45S glucoside® O-glycosidic 23S

A

ol

}=  S-glycosidase©] ™

M

glucosinolate®]  S-glycosidic  A%S  7<¢

w3l sli= O-glycosidase®] tF(Naumoff, 2011). Myrosinaset®= T% A}, -, w5
A28 Brassicaceae) 2= 91, F7], B, At FHEo] o

Lactobacillus agilis(Palop &, 1995), Aspergillus sp.(Rakariyatham &, 2006),

ofrt

s j =

Enterobacter cloacae(Jane 5, 2013), Bacillus thuringiensis(Hamed -5, 2016)

e]3 A AletE(human gut bacteria)(Luang-In %, 2014)%5ol %= &A= A
e ok A= 9 myrosinaser Aol 120,000~150,000 dalton?! REH o]l
u] A& o] myrosinasei= ®AFEo] 61,000~120,000 daltono. & HluZA zFow 1

Lo

™,
AE° myrosinaser= A% myrosinase AL A= A T
L-ascorbic acidell ¢Jsle] &4 FAo] oA HETy B uEJAcH(Naoki %5, 1974;
Pontoppidan &, 2001).
Glucosinolatei= & (sulfur) & B-D-glucoside®% myrosinase®t 74 +=
AAst e A AR, olE SFES AR UE opy| it 2R E fYwH 5o
3k Zg-7)d whet FEET Glucosinolate®] S-glycosidic 2 30| myrosinase?l)

o3t 7hRd] W D-glucose®t aglycone©] 234 ¥ =4, aglycones &9F*%

oL

3t Lossen rearrangement WSS A Xt Aglycone 4 pHolA+= Ak
3 Al g o] =2 isothiocyanate(R-N=C=S)°o.& 183 A4 pHell A= &4t
A qitrile®R-C=N)E Z}7} ASEY. 1 o]l9o%  thiocyanate,

5-oxazolidine-2-thiones, hydroxynitrile @ epithionitrile 5°] A ¥} o] AA



EE59 AAJHEE glucosinolate?] T3, @49 #E3t= B2 2L 7]EF A}
uwle} A F e} ¥ L-ascorbic acid® myrosinase?] X% <A} (cofactor) & &
A 9lom | glucosinolate®] 7Fat-dll FAHEQD A2 myrosinasee] 74 A A ¢
AAREA & FAS A& scH(Halkier %, 2001; Albena %, 2012; Bhat %,
2019). 12001 Z9] ME v& +%9 glucosinolate =, 71 7]%5 29 X7 vraz
FTHELS  sinigrin @ (2-propenyl  glucosinolate),  glucotropaeolin  (benzyl
glucosinolate), gluconasturtiin  (2-phenethyl glucosinolate), glucoraphanin
(4-methylsulfinylbutyl glucosinolate), glucobrassicin (3-indolylmethyl
glucosinolate), glucoraphasatin (4-methylthio-3-butenyl glucosinolate),
glucoraphenin  (4-methylsulfinyl-3-butenyl glucosinolate) %-o|t}. o] =

sinigrin, glucotropaeolin % glucobrassicin> & a5 IH-EHo glon

-

glucoraphanin< H. 2 &89, 18] 311 gluconasturtiine Lepidium sativum(Z-t}=

)

Wol)o] FHaA Eoldt). Fol= glucoraphasatin® glucoraphenin®] H| %
wol 5o Qi (Clarke, 2010). Glucoraphanin¥} glucobrassicin®] myrosinase
of o&f 7}gE-al o] AW sulforaphane® indole-3-carbinole &9t & 1}
Bl = Aow d#A dom(Traka %, 2009), gluconasturtiin®] 7}FF#3 %] o]
AAE 2-phenylethyl isothiocyanates phase I &49¢ #4& oA 1L phase
I g2 ZA4s FEIFe=A S TS AAd v
(Engelen-Eiglesemd %, 2006). Phase I &4 & 2o 245 A3 7)= &

a

Z~(cytochrome P-450)¢]™, phase II &4+ AAolEAS H 53 A7)+ &

A
:‘u}l‘_’/
)
©
o
P

(glutathione transferase, quinone reductase)©]t}. Sinigrin®] 7}~
allyl isothiocyanatei= &3, ¢ A% dH&3 WA 5o 37 = o=
B %A Albena 5, 2012). 18] 3l glucotropacolin®] 7}FEHE-8f4FE<l benzyl
isothiocyanatet= 255F-3v & RS dRY T8Sd ol diste] ®Boh sk
S e, AdrRg s F3old st ¥ &2 E4S YEdE
Aoz B AT (Ahn &, 1999).

ARGET, mustard)i= AABEE HERA QA9 % FA4E FRPsEd F, of

g

E
=

o2

@ 714 A 9t wol ohd A8, obg Ten FARZA AUF

R84

o

2 olgd W AT FANEL BE

im
2
ot
o

FoH(Son &, 2006). A= gHal



EE Fade] AER F7]E o AR A1 Eole 1-2m7bA A
gk 9 2EQoR Ax AERE AuAn A WS e FYst Sl
AR AR A Eelg WA A & F QlRo]l Foll AARGOR g
Zo] Ah(Fig. 1). $-Elvetall M= 9dol NS HFste] thas) 59 shelA
69 Z&ol FAE FAEZ AFAI}I(Danaka &5, 2004). AR TR FHE F
Ape] Aol wEh 3Fo] glvh. WA AL fARste] WA M (white/yellow

o

mustard, Brassica alba, Sinapsis alba)e} il, =7 A (black mustard, Brassica
nigra), —1&]al 22 A} (brown/Indian mustard, Brassica juncea)® -3t}
AR AN Fiel dAA ol SFAXE Fokrlobrl A4 o] v (Shin &,
1996). AAFe] F5Fol uwel g% glucosinolate’} tEd|, WA= F&2
glucosinalbin(4-hydroxybenzyl glucosinolate)e] %] <93, glucosinalbin®
Jhridl 52 4-hydroxybenzyl isothiocyanate©]th. AF=24<1 FTnjE AW
4-hydroxybenzyl isothiocyanate:= mf] - 2ot 5o 2 L=
4-hydroxybenzyl alcohol¥} thiocyanate iono.# F3HOZ HLol= & R
Zutol  uAIRE w@ARbe AR E AR $HrE sinigrine  allyl
isothiocyanate® 7}i38] Hol mE F3HA AFstar AA 579 & 2= &
nE  yehy, ZAMAA = gluconapine] TR dH-5o]  3-butenyl
isothiocyanate .2 7}=#3] ® th(Szmigielska 5, 2000; Kim, 2012).

AR E°1%+= myrosinaseo] A ol AF7E o] FolHr}h Ohtsuru &
(1972)& AAERTSE Fadorm ALgdo] dREFd HA, DEAE-cellulose
column chromatography, CM-sephadex column chromatography ¢ WHOo =
25 AASA L, 4719 isozyme= 213ttt 18] Shin 5(1996)2 97
Ut EAR A AR = 2 AXF(Brassica juncea)E EAU 02 ALE-35}o]
DEAE-cellulose, Concanavalin A-Sepharose, Superose 6 chromatography W+

= Rausild 2 5 gAE

lo

o2 F4&E AASI, 3709 isozymeo| U
myrosinase?] #H 4 #§ pHE 70 28l &%= 37CoAt. Stoin 5(2009)&
S AR A 2] ® myrosinase®] # A 28 pHv 7.0, #4 2§ =L+ 55T
3 B33k Van Eylen 5(2006) ®W A4 #2]® myrosinaseE A}-8-3}

of 1%t} 7td A e 7 EAA v E FES FAFSI o 300 MPa, 70C ol

-



A A FoxE FihgHol & :

315 A7 s 489 th Okunade 5 (2015)% W A R}, 720 7 %}
AZLe]l myrosinaseE LY Aol A W AEste] Fa bFA m A=
S ARG A3 ke 200~400 MPay} 2% 60~80 °C WAl w2 s}t
W, ZhE AR s izl HlEiA G4 48 B F fAT 7 2
3tk Ghawi 5(2012)2 A #3837 myrosinase Ao v z= Ao o
ZAbske], AR FA9] myrosinase’t FHlF 2 B 2 Z 2] 9] myrosinase?l
R woha vk ol % Ghawi (2013 AR Eabe] 7}
=z 7hFel H7bskAH Y, sulforaphane®] $F#Fo] 3~5u)

A Z713E Felstdth. =3 Piekarska 5 (2013)& A A3ty F2 = Ab

o

AHQD, e dee AR A Bao
1

ot

o2

=

KT
=

T

oot
o

o

1

k3
)
12
ox
o

o

in

il
N
X

d =¢

)
(m

=
e
=

0

Ho| <FujF(savoy cabbage), 3 85, Al (Brassica napus), 229,
H|(turnip cabbage), ™7 A myrosinase AL HuF A} WA
myrosinase &/ o] 7Hg =i St

Hig A45E vustds Wl AXol+= &4 myrosinase®] o] B A=A
of HlajA] HaA Erhil @ 4 QT o] E4E E&AORE &8I HdAE
AR Are] AAES ves xzo] dasi. gk, AAsty by Y T
of kel €3 myrosinase® 3= Z24E dEA] e i 9 & g
t}. 1=3F myrosinase® X E3l3, glucosinolatesE &-8317] 9= 7L A
2

A Eae] kA0l MAL Qo] B Aot Ausl Aesd e HB

>~

g4 FuRbgE&Lo] IS VA= 8T sErEd o JRE H Qs
T3k myrosinase™= H L3 S-glycosidase® HilEFo] glow o FAhE

O-glycosidase®] &AdH-91olA  H7](base) 9GS st glutamate 3Fp7)
glutamine®. = % 3t¥ o]  O-glycosidase?} vi-§ FASE EAS Adu}
(Bourderioux &, 2005). w24 myrosinaset™ B-glucosidase?] UF O Z A

S-linked B-glycosidic A% o]eldl 37} H]52%F O-linked B-glycosidic A%

1

T 7bpEsl & sbsAdel k. AEACE Boglucosidase® VbR FHi=
B-D-glucosides®}  oligosaccharides  3+3&o] w®lmxy  FTHer] wiFol

B-glucosidase®] 7] & E0°] myrosinaseo]| 98] 7}EEs) ¥=x F2AE Fov)

AN



wEhA] 2 AFo = WARLe] FAREE myrosinaseE: &&4Ho % FE A

Asta Aoty 54 2ARAY. B Bh SR 9L MAE 8%



21. 439 A=

Azx¥ WAR(white mustard, Brassica alba %% Sinapis alba)®] FA+

(Dropship, India)E& T3l &2 myrosinase # &2 AFE31%

2.2. Myrosinase? % % ¥4

2.2.1. Myrosinase? F%

WAl FAE w4 7] (Homeart electrical, CG-150, China)® v A|a} A &2 8}
of #¢E dAT AXEE 05 g & 10 mLe &4 FEE& 45 AG0 mM
phosphate buffer, pH 6.5, 0.5 mM EDTA, 1.5 mM dithiotreitol )& 7}35}¢]
% 1,000 mLE 9= § Ao A 153 &t ATk o] F 4T A HAE
2] (12,000 x g, 30 min)(Hanil, HA-50, Korea)st®] -2 B2 JH NS g4l

(crude enzyme)o. &2 A}-8-3}% T}

222. 334y AA 9

Zg o 50% E3}7F HEE EA Y H(ammonium sulfate, Sigma-Aldrich)
= Zhetal &A1 tholl 4Tl A 1AF st BAste] dilds A A
oo PR (4T, 12000 x g, 30 min) & FANE HArE A ol 85%
E3P7F HEE AR ES FUEstal ATl § 4Tl A 124]3F E<F A A8t
of @i AS HAAHY. 28 oA LA (4T, 12000 x g, 30 min) 3}
AAES AFsA. A AES 272 50 mM phosphate buffer(pH 6.5)° -8 3}
A 71 5, FA 9 (cellulose tubing, MWCO 12,000 dalton, Sigma-Aldrich)el % iz,
sodium azide 7} 0.01% &% 50 mM phosphate buffer(pH 6.5)=2 A}-8-3}o] 2

J
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U A2olA FASAY. FA9S A2 4T, 12000 x g, 30 min)ste] ¥

2 AR NS FHslo] A AZ(shin, TFD 5505, Korea)3d}$d th.

2.3. Myrosinase®?] A A

2.3.1. Concanavalin A-Sepharose column chromatography

G} EolatA MeH o R ZAgsE lecting affinity chromatographyell <83}
of & TH FA¢ myrosinaseE AASA 3t Bellostas %, 2008).
Concanavalin A-Sepharose 4B (Sigma-Aldrich) # % (resin)& bed volume®]
29.2 mLe] H %% 2 columndl AT Column 3] 2] 5ujol A% 3}i= wash
solution (1 M NaCl, 5 mM MgCl, 5 mM MnCl, 5 mM CaCl, &)& S8 1
WA #@7Ss AlFEE olo] A equilibration buffer(20 mM Tris buffer, pH
74, 05 M NaCl 3-f)E AF83te] pH 749 ol& wi71#] SRt sd0x
H &4 A8 750 mgS equilibration buffer 10 mLo] =] equilibration buffer
2 33 3}l¥® Concanavalin A-Sepharose columnel] F¢3tit}l. ool A4 column
volume®] oF 2o 493l equilibration buffers & BWA column We @
ol A¢E A &2 =S =AY @i do] O o] FEHA ¥S WE

o 500 mM methyl-a-D-glucopyranoside £ %< & B 7] A3t} Column

2 E3g BREBL A7 5 mlA mgor, 7 RHEY awd FEs 548

RobA] FA

fosd
rlr
M
ot
il
rlo

S 43R Y. I T myrosinase &4 A o]
(cellulose tubing, MWCO 12,000 dalton, Sigma-Aldrich)el %3, sodium azide
7F 0.01% g% 50 mM phosphate buffer(pH 6.5)& AF&3lo] 294 7F 220 A
T3] methyl-a-D-glucopyranoside® A A3tk FA 08 A4E8(47TC,
12,000 x g, 30 min)ste] B2 A ATS FHslo] AR

Affinity columng WHE-a| A AF8-3 A --ol= column volume®] 53] ool 7
FateE A7) E (01 M Tris, pH 85, 05 M NaCl $H)o.= H A A A3}
L, oloj A AkA ¢+ (0.1 M sodium acetate, pH 4.5, 1.0 M NaCl $tf)o &

AAHEE ZAPYS 2~33] wrEE YT columne AMESHA #E wE HAES

_11_



ethanol 20%7} % 0.1 M acetate buffer (pH 6.0, 1 M NaCl, ImM CaCl,, 1
mM MnClo, 1 mM MgCl, 3ol §23 g% 2383t}

2.3.2. Gel permeation chromatography

el B2k 40,000~100,000 MWS w88 4 i Sephadex G-100
columnS AF-g3to] gel permeation chromatography< 4 3] 591 t}. Concanavalin
A-Sepharose column®.& AAH &4 A|8E A%° 50 mM phosphate buffer
(pH 6.5)°] &3fA1Z1 % 50 mM phosphate buffer (pH 6.5, 0.01% sodium azide
)2 33 3}E Sephadex G-100 column (bed volume 110 mL)el <353t}
ZF 7% F 3 mlY F 120 mLE %k, 7t EFo &

ol = 11:_]_-13]111 =

rlo

O = O

= = , T 1= O
%9 myrosinase £4 A4S SA3GY. 4o YERG B EFNF Kol &
A Azxste g4 AR ARSI

2.4. Polyacrylamide gel electrophoresis

Native-polyacrylamide gel electrophoresis(native-PAGE)l| &= 5~20% gradient
polyacrylamide gel (precast gel, ATTO, Japan)S Al&3&th @wlz 35
£ bovine serum albumin (BSA, 66.5 kilo dalton(kDa))e]™, Sigma 3]A} A &<
ARE-SFA T Gel e @i H -2 Coomassie Brilliant Blue R-250% ¢ 23sle] <

FEdude]l A ol A2 (R)et A #AmNH
myrosinase®] A #ES AAFSFA tHFig. 1). T3 gel A9 wla myrosinase
gRlst7] flste] th53 o] EagAS M. Arldsol € gels T
Tz o8 24 MAHsg Y. AHE gelS 10 mLe myrosinase &4 @489
(6 mM sinigrin, 1 mM ascorbic acid, 1 mM NaHPO, (pH 7.5), 100 ug/mL
methyl red &) AF83te] 37ColA 1087+ A A3}l Myrosinase?] #H-&
© & sinigrin®] 7FpEEs) Hol A7 sulfateol] A del® F4a ol (H')o] wHE-
o] pHE wojreg]a, 1 A3 E methyl red?} =g Ao A Aoz Wal= A
S ##3A Y (Gonda 5, 2018).

()

_12_



-2.6119x + 6.5137
R*=0.9997

W

log (daltons)

490 r

480

4.70 ' '
0.45 0.50 0.55 0.60 0.65

Relative mobility (Rf)

Fig. 1. Calibration curve for molecular weight determination by native

polyacrylamide gel electrophoresis.
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25. Myrosinase &4 @49 =4

2 A FAd 7EAHow AEgE 7]F 2 sinigrin (allylglucosinolate,

pot

2-propenylglucosinolate) ¥} 4-nitrophenyl-B-D-glucopyranoside(4-NPG)o]w, 3
Lol Aol = 3 v ol S E SAHs AT

Sinigring 7|42 A& "= myrosinase® FiAEo® fEE RG-S
dinitrosalicylic acid(DNS) AJefeo & Az FA 3t (Summer, 1925). 50 mM
phosphate buffer(pH 6.5)°] €31A171 712 10 mM sinigrin 800 uLe°l] 10 mM
L-ascorbic acid 20 pLe} &A% 100 uLE& 4131, 50 mM phosphate buffer=
HEH 97 1 mL7b S5 2d3 $of 37Tl A 307 At whgo] &
W F, A 9EgdE DNS Al 1 mLe} £33t B8 oA 533 7HE st
dEA Al AT Aol WAl = E microplate reader(DTX 800 Multimode
Detector, Beckman Coulter, US.A)% 550 nmollA4] 3Lz ZA3HT. &4
1 29 (unit)2 sinigring 7FpEatsliste] RESAIZE 170 1 umoled] &=
B 7= oo o= AostdvH(Fig. 2).

A, 4-NPGE 7182 AH8s 3484 AW g% 2k(Shikita &,
1999; Strahsburger %, 2017). 50 mM phosphate buffer(pH 6.5)°] &3jA] 7l 7]
2 10 mM 4-NPG 800 pLel 10 mM L-ascorbic acid 20 uLet &4 A% 100
uLE 433, 50 mM phosphate buffer® ZHF%37} 1 mL7F H %% 243 5o

fol
i)

o

37CAA 3077 AR o] = wgHo] 1 M sodium carbonate(NaCOs)
100 puL= 7Fske]  whg2 AAAZ Y. Myrosinase®] Fvi#bgowm AdH
4-nitrophenolS A #3F7] $13F°] microplate reader® 405 nmoll A4 wWHg-ole] &
FEE SASYY. 24844 1 S unit) 71E 4-NPGE 7FFws] AJAA i

SAIZE 18] 1 pymole®] 4-nitrophenolE A 7]= &40 oz HolsAdrt
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0.03
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0.01 | +

[:I 1 1 1 1
0 0.2 0.4 0.6 0.8

Glucose concentration (mM)

Fig. 2. Standard curve for glucose determination by DNS method.
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09 r

08 r

y = 8.0425x + 0.0001
R%=10.9999

07 r

Absorbance at 405nm

I:I 1 1 1 1 ]
0 0.02 0.04 0.06 0.08 0.1

4-Nitrophenol concentration (mM)

Fig. 3. Standard curve for 4 -nitrophenol determination by optical

density.
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26. 9MA JF

AL A9 M (UV-ray) S3HoZ AP @ild ZFEZEZF bovine
serum albumin(BSA)(& AF-8-3F A tH(Fig. 4).

Lowry’s solution< solution A(4 mg/mL NaOH$} 20 mg/mL NaxCOsz &)<}
solution B(10 mg/mL potassium sodium tartrate®} 5 mg/mL CuSO; )&
50:1% &3%tsto] Al x4t

Lowry & $&3ste] vl d Alg o] 200 uLoll Lowry's solution 1 mLE 4341

5%7F A A3F9 ) o]oJA 1 N Folin's phenol reagent 100 yLS 7}3t

>
rfo
=2
>
—

of zZ I Foll Aol AFAste] 30%3F WA WHg-2le] 620 nmel A

&5} %= 2 microplate reader® =48} t}.
AL A FFHE "G Aol o d FFASTE ol &3 WHolg @M AS

g Age AL FHEE 260 nmet 280 nmelA  FFF=A(DR 5000

AV

=
]ﬂJJ;g }C!):—L—E

UV-Vis, Hach, US.A)& Z}7Z} SH43E & oS 2o i Alg T2
A28 tHLayne, 1957).

%]ﬂié %E (mg/mL) = 1.55A28() - 0.76A26()
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y = 0.004x + 0.0284
= R2=0.8856
g 020
£ 020
=
ol
b=
= 015 |
=
=
010 |
£
=
2
< 005
D_DD | | | |

0 10 20 30 40
Protein (mg/mL)

Fig. 4. Standard curve of bovine serum albumin by Lowry method.
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2.7. Myrosinase? Zv|g4 54

212. 714 5olA

¥ §49 7|AEoHE FAe7] 918He], myrosinase?] 7] # ¢l sinigrin
(allylglucosinolate, 2-propenylglucosinolate) ©]¢]el|, B-glucosidase®] 7]Z <l
4-NPG (4-nitrophenyl-B-D-glucopyranoside), salicin
(2-(hydroxymethyl)phenyl-B-D-glucopyranoside), indican (3-indoxyl B
-D-glucopyranoside)S AF&-3F Tt @484 ZAHo| A" 7 7|He FTEE
o7 2t} Sinigrin® 024 mM, 0.8 mM, 24 mM, 8 mM %%, 4 NPGE
0.8 mM, 8 mM, 16 mM, 40 mM =1&]3 salicin?} indican< 0.3 mM, 1 mM, 3
mM, 10 mM s%& Z}7} ARg-31¢lc). Salicin® indicang 7] 2 & A3 4%

4 5742 sinigring 7| AE ARSI E4EA AN 2
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2.7.3. L-Ascorbic acid®] 94

Myrosinase®] cofactor® X 31%¥l L-ascorbic acid7} @49 ZFuj&Add] v A=

b kel 2o dew 10

(

BEgFS Fglstazt sk 4 EE VHRE dAe

-

¢

mM9] sinigrin®} 4-NPGE A}g3te] Hlustdch, &4 & 1 ml 3
L-ascorbic acid®] #ZF&%=7F 0.0 mM, 0.2 mM, 0.6 mM, 1.0 mM©°] %% 10
mM L-ascorbic acidE z}zF 0 ul, 20 pL, 60 uL, 100 uL® Z7Fste] 37°Col A

303 WA 2T

2.74. Thio 3}3H&E9 94

3} &/ o}u:=AF methionine, thiol 3}3%E<l glutathione, cysteine L&)

ol
B K

mercaptoethanol®] myrosinase®] Zull &2dol v X]= J&&S AL T}

27
g4 =48 7122 10 mM9 sinigrin? 4-NPGE AL&3tom, §48A

oX,
B\
o

o
flo

A<=3s  wpel 2t} methionine, glutathione, cysteine  Z1#] 3L
2-mercaptoethanol®] &4 w8 F HIFF=7F 27 00 mM, 1.0 mM, 5.0

mM, 10.0 mMeo] ¥ =% o5 3¢ES FH7lste] 37ColA 303t RESA|Z T
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714 sinigrin® A EFS 7heto] HAAA A 2FAAS AFESte] &4

| 02 Sugds SAHT A9 F e 1 mlol Z2E4aNS 50 ul ¥ A
S ] 77641 units, 100 pL YRS w] 817.11 unitso. 2 45 YA & U=
TFoll vlsiA FujgAd o] vl =dth(Fig. 5). HEg Az mE g4 gdeo W)

99} o] ZEA I WA ke Zv)o] uwle}l sinigring JgESE A"
gl Fiv A FUFsE Y. wEbA 2 Al AREE W AR T2 FEE
o = sinigring 7}l &4 myrosinase’t £A3HS @215, A

2 10 mM sinigring 7|22 A3t pH 6.5, 37Col 4
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Fig. 5. Dependence of myrosinase activities on the amount of crude

enzyme.
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Fig. 6. Dependence of the myrosinase activity on the incubation time.
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3.2. MAR FAZYE myrosinase?] ¥ A A

3.2.1. Concanavalin A—-Sepharose column chromatography

G E A FEAn

o
N
)
ol
o
2

Al

A

of A

Holl 3%l myrosinase’t &<3HE

]

Ao
e

-

[e)
)
o g3te], AR

o
i

$9 T

T

J%
A
o

¥ #HES Concanavalin
A-Sepharose 4BZ YA affinity columnd] %t thirE o] gm AL column
Well Agts#] & Z2Jugkil, myrosinaset™ Concanavalin A-Sepharose 4B
g ol AstE 2l tl7h, methyl-a-D-glucopyranoside®] ¢]8iA w5 o] F5%
tHFig. 7). Myrosinase &4 & methyl-a-D-glucopyranoside’} %<
elution volume 60~90 mL, 95~100 mL @3 105~115 mLel A, % 37§
o J=rt vyt Fujlgdo] 37 Yo ® UHAE A v A3olA
T w7 A ek o= AR FAbel e HAF 3F 9 myrosinase’t EAS
RolF3 9. A o] Ohtsuru 5(1972)2> AA7FFo] A myrosinase &S U
Bl 471A] F9] dam A (glycoprotein) S 21t} olE &4 W IS
Zb7} 86, 158, 17.8, 225%= A= &gkt 1gla 1 5 35S ExbEo] 1563
kDao & oju] Al FAJo] A& vzt oy YR 3F F& 125 kDal & ofn]
ZAE w$ gaig B AFo A E8® W AAF] myrosinase isozymes
& G Adddsts Soldol wet 3Fom AR REd JAo®m Hol EAE A4
st ©pstE o] 240 Aol7t = Ao ® FAHE.
Shin 5(1996)2 220 A X Brassica juncea) &*Foll4 myrosinase isozyme 3%

& #lslen, o= # At Adelk ARG Mahn 5(2014)2 HE2EE

)

©
t

r

myrosinases A RE HA ¥3  F Concanavalin A-Sepharose affinity
chromatography = A 3lo] 50~55 kDa®] 370¢] subunit®.Z 4% 157 kDa<l
B2} %2 7}2 myrosinaseS &913F9) T}

Affinity chromatography(Fig. 7)ol A &Aool yeld #3588 717 mz
olx 60~90 mL ¥ myrosinase I, 95~100 m

L
105~115 mL %<& myrosinase M2 393, o] &4 Ao fiiES 2%

%2
=

3} myrosinase I 9HS gel filtration B o2 F7} A A3}
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—+—Protein (mg/ml.) --m--Enzyme activity (unit)

T Myrosinase I 770
K u —
~ 30 + ;W 4 60 :E
e =
= R
= 25 t s 2
= &
E 20 | l‘.. 1 40 ;
et *y &
=] = B Myrosinase IT =
= 1.5 \ 1 30 5
\ J’ .
| \ Myrosinase ITI i
10 \ . & -
L) il
- ‘\ f.- q"‘- — u
05 - - u- * '-'—-'._,..___-‘__._-‘ 10
==
e ]
0.0 ! 1 1 1 ".I —*——#—— + + : 4+ + + 4+ : - — 0

0 5 10 15 20 25 30 35 40 45I5[} 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 150

Elution volume (mL)
Methyl-a-D-glucopyranoside addition start

Fig. 7. Affinity chromatography of ammonium sulfate precipitates from white mustard seeds on Concanavalin
A-Sepharose column. Elution was carried out with 500 mM methyl-a-D-glucopyranoside in equilibration buffer(20 mM

Tris—HCI, pH 7.4). Column size, 1.5 x 16,5 cm; Flow rate, 0.17 mL/min; Elution volume, 5 mL/fraction.
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3.2.2. Gel permeation chromatography

Myrosinase &4 o] H-H& %% 8+ myrosinase [ #88 T3t 1 E9o
methyl-a-D-glucopyranosideE A A & A% stow, oloja A7kl 50
mM phosphate buffer (pH 6.5)° &3s|AZt). o] d@mde] FX}&fF o] & o]
43t myrosinaseE G A|3}7] 93] Sephadex G-100 &2 FZ ¥ columnel] 4
Fol AmE Tyt et thFig. 8). Elution volume 39~57 mL Alelel
myrosinase &S YEIW = 8] YEE L, o= ©ild wEE YERE 36
~60 mL Atele] &8 3 U535

wpeba wAZEe] FAE FEHoR AbgEte] R4 FEES A, A4S
Eys &3rA EdE 50~85%°A HAHdE dMEAS FHFF F ololA

pe

Concanavalin A-Sepharose affinity column¥} Sephadex G-100

9~crq

column®. & ¥ 33d A3 AA%® e myrosinase EAE T Atk

Bellostas 5(2008)< Concanavalin A-Sepharose affinity chromatography <} ©]
o] Sephadex G-200 gel filtration® ©.& WA X (Sinapis alba)®] myrosinase=
97% &= °oF 5708 FF AAsEHow, 140~200 kDaol et A S
Zk= myrosinase 1S QAATh. sHAWF Brassica carinata(il¥), Brassica
oleracea(¥ $¥I=), Brassica napus(-+31)2] 79 45%<] wlud & F&Z
o 85u) -t AAlske] Aol 500~600 kDa, 270~350 kDa 1] il
kDao. & o]t ¥x}%S 7} myrosinase isozyme E3AE AQvta ®W st

At}
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—+—Protein (mg/mL.) --8--Enzyme activity (unit)

0.5 1 8.0
04 | {70 —
= =
ﬁ 160 £
e 03 | )
2 150 &
= <
E 02t m {40 g
E \ E
B N ; 5’

'. i""-. = o= " P IS e 1 30
0.1 | Ny ¥ e c e

L B b e el BL g S
Tw-lew g B 20
l] 1 1 1 1 1 1 1 1 1 1 1 1 * #__-“I""_A' i Il 1 1 1 1 1 1 1 H_rﬁ
) 8 &——mo—i—1e—w—AP W 10 42 45 48 51 54 57 60 63 66 60 72 75 78 SI 84 &5 S0 VX 06 05 117105108 111114117 13010
-0.1 - Elution volume (mL) 0.0

Fig. 8. Gel permeation chromatography of myrosinase 1 fraction on Sephadex G-100 column. Elution was carried
out with 50 mM phosphate buffer(pH 6.5). Column size, 1.5 x 62 cm; Flow rate, 0.075 mL/min; Elution volume, 3
mL/fraction.
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3.3. Polyacrylamide gel electrophoresis

WA FARRE 8 AAE myrosinase® &213t7] $138te] polyacrylamide

gel electrophoresis(native-PAGE)E 233t & iz A3} methyl redE ©]

Gel Aol w25 Coomassie Brilliant Blue R-250% 9213 A3} 50~85%
¥ HAEo| = myrosinase o9l W-x#Fo] thE A S o] 4
S

A= F+=

e

u}, Sephadex G-100 columnl. & FH&F AAH #3F
171 kDa¥} 476 kDa°ll 73at= dmAZ A4 AAthH(Fig. 9A). T4
A48 3elslr] 98te] BUF gelS sinigrin® methyl redS AF§-3to] A3t
KUY, EAF 171 kDa? 476 kDaoll @ et djdo] A a4 FvjgdAd

< YER AT (Fig. 9B). =3 iy JHos #8958 ZE AN Sephadex
G-1000.2 HZF AAE A= 2T gel o] §UT AN a8 ES B

-100 gel permeation

o
.
Q
Qo
=]
o
&
=]
o]
<
Q._J‘
5
>
wn
[}
o
=
O
=
o}
2
¢
(@)
S
jon
=
=]
X
wn
[}
o
=
O
oL
o
~
C}
p_A

columng AME3sHH  gakeln

7 Ad FgEE FE A9s AAE FH
myrosinaseE 4& F IS e
B

Fig. 9B oA #A%F 171 kDa¥ 476 kDaoll A @st= @l do] = a4 =

ME&Ads YERJA O E R o5 myrosinase isozymefl2F ¥ 4 Stk
Sephadex G-100 column®.%+= 171 kDa¥} 476 kDaoll 4 3h= isozyme©] A&
o E A gl A7l9E o2 5~20% gradient polyacrylamide gel Abell ¥
g = o] el Zlelt} Bellostas 5 (2008)2 A8t} A4 FAZFE FAFFo
500~600 kDacll 4%3F= myrosinase ioszymes 2¢13811%1a1, Bhat 5(2015)&
Lepidium latifolium (Z719t9y o) 258 G405 AAste] 160 kDae] #FAF=S
Zt= myrosinaseE &R1%E vl Q. o)== 2 Ao A 171 kDa¥} 476 kDa
of g3st= Z42he] myrosinase ioszymet ARG, whEbA w7zt = 47 o]
2}2] myrosinase ioszyme©| £t F4E S Q)

gHA, Aol 476 kDa o4l 1Al F @A EAagA o] yEhd vl o
A= BEdso] SDS(sodium  dodecyl sulfate)-PAGE] Hla] @®Hojx]=

native-PAGEE AH&-3ta o, 7195 Fol v myrosinase w27} 534

l

O
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BSA Before purification Afiter purification Before purification After purification

198

132

Fig. 9. Native polyacrylamide gel electrophoresis of the myrosinases from white mustard seeds and protein
staining with Coomassie Brilliant Blue R-250(A) or myrosinase activity staining with methyl red(B). BSA, bovine
serum albumin monomer, dimer and trimer; Before purification, 50~85% ammonium sulfate precipitate; After purification,

myrosinase [ fraction after Sephadex G-100 chromatography.
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3.4. Myrosinase?| FvlgA4d 54

8] ¥ myrosinase® HAWEZLEE 37 95to] A LA 307 ¥HEA
21 A7= Fig. 109] Ve vpe}l 2o} whgA7E 30% 7Fo® HAMEREE
oF 3CE FAAG Wg2Ert SUhge] meh gaddE Frbst, 19 v
o] Ao BV A" 5 Atk 50T ool AE EadAdol 43 7ha
atqith. ol gk Aot FAFSHA, Mahn 5(2014)0] AeA BRI FE

< myrosinase?] HAHFSEE= 40CA 3L, Li 5(2005)2] Aol 3ol
(horseradish) 2 -E
o= FujgdAdol F43 gHAsAv. 1#]il Prakash 5(2013)& =l
myrosinase?] FHZAW$-L%3= 50C, Bhat 5(2015)& Lepidium latifolium (7
thehyol) myrosinase®] HAWSSEE 50CHGL Z4ZF Haskdth ahA Nt
Van Eylen (20082 ® A% myrosinase #HARES>%7F t)7]F stallA =

60°C, (200 MPa) slell A= 40°CE &47F gk 374 o bg=2va 3
Aok A, vAE 71Ye myrosinased] I AGFE Albaser 5 (2016)2
Citrobacter 2 myrosinase= 25C9l4, Hamed %(2016)= Bacillus

i2

2 myrosinase?] HAHFE&%E= 37~45C= 50T o)A+

thuringiensis®] myrosinase™ 50Co A Z}7F At ¢E&E 22 B Yria
Wk oolyel Ao E FFS vAH, g4 TS
oA WA Eo] v FAS St 7o 93 myrosinase?] W

al
-2} WE-S-(1st order reaction)©.® ¥ ¢ ¥ tH(Ghawi 5, 2012).

rfo
k1
rlr
fol
B
lo
2t
olo
A
k1

In—=—kt (2)
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Nt 27 mawd ov, WEEE ArUE cldugs A

A T
(Arrhenius equation) 2. & X & ¥},
RT (3)

=, 9 A ofglel ol AT F ATk
+1nA 4)

E¥ activation energy(Z43} o)), RS gas constant(ZF2=45, 1.9872 x 10
¥ kcal - K '-mol 1) Zgla TE ALK, A: otdy$x A4
(frequency factor)©] t}.

et ZE 2wt WgELRe fAAE o] &ste], VX %E 40~70TC oAM=
Lo mg wgEHe ek E A tHTable 1). 50CHE Zae WAPow =
L7 mobd s WMASERE St ol
A8 ZA3E v o2 Arrhenius plote AEdR I, T2FE A5 JUAE
A2 tH(Fig. 11). Myrosinase2] WA (3h3])o] H a3k 2443} dguyA]= 183
kecal/mol(76.6 kJ/mol)e]Att. o= MBI & dgido] FyH =Y L8 ¥ =
o %] (2~20 kcal/mol(8.4~83.7 kJ/mol)e} vzt F~Folt}. Ghawi 5 (2012)2
v 3= (green cabbage)®] myrosinaseE ¥ Eh=dl A3 A3 oUA =
58.3~99.5 kJ/mol, Verkerk %(2004)% # %vl3F(red cabbage)?] myrosinase W
Ao AR B3 o U A= 155 kJ/molgtal X313k 2™ Van Eylen 5(2007)
2 AR A FZE3 myrosinaseEs T st=d ZogE A8 oA = 4464~
496.0 kJ/mol Z1#] 3 Ludikhuyze & (1999)2> H 23 # 2 myrosinased 3} 3}
g ZQa3k A3t oy A= 1135~134.1 kJ/mololetar X st} H3F Van
Eylen %(2008)% A=} Ex17F A7le B2 29 FoA F%3F myrosinase® 3}
st o3 &3t A uA = 3275 kJ/molgtal HalstR )k A A A
Abek Z4 A 2ed 43 oy vustdls W B e U
WAk o] Aol AArstatel FF el AA Hel @l myrosinase®] &

Aol tEttal F=4H

W BHe 97 A

’

)

i
rlo

o

o
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Fig. 10. Effect of incubation temperature on the activity of myrosinase

from white mustard seeds.
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Table 1. Dependence of inactivation rate constant of myrosinase from

white mustard seeds on incubation temperature

Incubation temperature (C)

Parameters
40 50 60 70
Inactivation rate
constant 0.030 0.181 0.270 0.446

(k, min )
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UT (K)

0.00290 0.00295 0.00300 0.00305 0.00310 0.00315 0.00320 0.00325
l].l] T T T T T T 1

0.5

y=-92057Tx + 26.254
R*=0.8871

Ink
>

Fig. 11. Arrhenius plot for temperature dependence of inactivation rate

of myrosinase from white mustard seeds.
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34.2. 714 HolA

Myrosinase(EC  3.2.1.147)% B-glucosidase(EC 3.2.1.21)¢} tvlEo] glycoside
hydrolase family 1(GH1)oll 43} glycosidases®] ¥ZE o & B-glucosidasest i

uly

o

g ol A1k O-glycosides?] 7FE8lE A8 7lsAol dul. 1A
S-glycosides?] sinigrin®] 2]ol O-glycoside?! 4-NPG, salicin 2] 3L indican$
A ® ARl EaE e ARE SASAY. 71 w9k FuiRke&E 1o
#AE Ve = Michaelis—-Menten equation®] o] 4= FHsphd o83 7+

o el ol

- FAEE 54 H2lth myrosinases S-glycosides?] 7FpiR-slE 73}

ne
ol
ol

(0]

1_Km 1 1
V' Vmax [S]  Vmax

T OSSR Vmaxs HdubgEEoln, [Sle 71de vE 123 Kme

Michaelis - Menten “<Folth. zbzhe] 714 Fkrb G40 Fujbg&ico] v

rlr
o
o2
o
BN
>~
>
ol
L
E‘
5
o
=
@
job)
<
aQ
"1
OJ
=
o
i<}
o
H
lo
il
=3
o
ol
%
3!
0
—_
N
3!
Q
—_
)
o
il

HFH Zae 71" tigt Aste=E yetd= 45 Kmdt HoebS$&E Vmaxs
A4kste] Table 29 YER ST
Km#k< indican®] 0.12 mM=& 7} ko, 7 H & sinigrin 1.03 mM,
4-NPG 3.77 mM ©]|3lt}. w}ehbA indican©] &2 myrosinase®t 712 1314 o]
7hd A, 4-NPGe &4¢ke] 714 spde] 7 wokth Salicin®] Km &+
2 myrosinaseo] o]&] 7}EE-e] A gkgkom wleba] salicine] ™E Vmaxi
o7} gtk 714 sinigrinell ™3t Vmaxi= 270.27 ymol/minS. & 7} ko,
indican¥} 4-NPGell thaj A= 7Z+7} 82.64 pymol/min¥} 59.52 umol/min®] 1 t}. w}
ga] 2 Ao WA FAZFEH FEE G4+ S-glycoside® Rt ol et

O-glycoside %3+ 7}#-3] 8= myrosinased S & 4+ A

A Li 5(2005)& 1234 o](horseradish) myrosinase®] sinigrin®] t 3 Km}
Vmax ZH7F 0128 mM¥} 0.624 pmole/min®] ttil R 31319 2™, Bhat &
(2015)2 Lepidium latifolium (7]t} o]) myrosinase?] sinigrin®] ™3k Km

7} Vmaxi= ZFZF 0171 mMZ}F 0.302 pmole/min®] vt H 318k t). o= & <
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o] thakel Wl AR E4¢] myrosinase?t HlW RS W), 3P ol¢} Lepidium
latifolium®] myrosinase”’} 712 sinigrin®l] w3k s}do] ¢ Eo

AR FA49] myrosinase’} § =S Ao 2 A ET) T3 Zhang 5(2019)& F
o] EA oA myrosinaseE 83t sinigrindl it Kmzks FAFSE 23 18
mMoliar, 2 AFA FE3 GarY 71A sinigrined] g HspAgo] of v
& Aoz FAHECY. Malabed 5(2014)2 ZA7A Ao A myrosinase® -] 3}
sinigrinell & Kmgt 0.0436 mM=S Q18 5l glow o= WAAR G 247
ZF2] myrosinase’} 712 Aol ¥ w2 FoR AlgHu

Myrosinaseol|l €& 2+& 712 o] 7hpis] o5 WSAIZto] whel FARRE A3}
= Fig. 139 YeF A}, Sinigrin, salicin 28] 3 indicane &40l 98 7}4#
d Hol AdE xxd AFEFeE HERL oW (Fig. 13A), 4 NPG= & 9
& ZbrRel o] AA®E 4-nitrophenol A Ho R YERAACHFig. 13B).
Sinigrinell ot Fujgd 2 407l A 24,346.8 umole= 717 =9kow, 4-NPG2}
indican®ll &A= 60 A 2tz 7415 pmole®t 27087 ymoleo. 2 HAE 1
Fom salicing 7| A2 AFES W= 4094 4885 umole® 7HE =kt S
AWt salicin® 749 sinigrin, 4-NPG 2] 3 indican®} 2&] ¥F3-A]7ko] w2 AY

A Aol 2A g,

S

71de digk Km % Vmax(Table 2)¢} ®E&-AlZbo| wh& 434 WA3SH(Fig. 13)
5 A Z myrosinase®] 9%t salicin®] 7hpEEde vlg v okt wakE
Ak 28l 4 Fo 71 FolA S-glycoside?! sinigrin®] O-glycoside?] tH&
71 4ol vl 9 mE £x2 FaF A 712 indican myrosinase2} %343
of obA AFL z HAR st He S =Y ZoR dddh

A myrosinasei= 4% O-glycoside 712 S 7l #38sts Aoz HiEo|g)
tH(Durham &, 1990; Shikita &, 1999; Andersson %, 2009; Nong &, 2010).
Durham %(1990)2 Lepidium latifolium (Z7)c}e-yo])oll A #2] ¥ myrosinase
o] 71d 5ol dsiA FAFSER oW, §49 7]HE amygdalin, salicin &
S-glycoside®} O-glycoside 2971 FolA sinigrin, glucotropaeolin, 4-NPG & 4
T o] 3}3tEY myrosinase® WA E AT B33 TE Andersson 5 (2009)-2
Arabidopsis thaliana(o)7]17¢ )l A 2] $F myrosinase’} 7|42 AFE-3F 4-NPG
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E Zheidete AS itk Nong 5(2010)2 myrosinase 325 A%

g3slo] 4 F9o] O-glycoside 712S& FAleglon, =

% 2-nitrophenyl-f3
-D-glucopyranoside(2-NPG) ¢} 4-NPGRF 7F=338] = vk B a35k9 ).
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Fig. 12. Lineweaver-Burk plots of the myrosinase from white mustard seed for substrates. Sinigrin,
2-propenylglucosinolate; 4-NPG, 4-nitrophenyl-B-D-glucopyranoside; Salicin, 2-(hydroxymethyl)phenyl-B-D-glucopyranoside;

Indican, 3-indoxyl B-D-glucopyranoside.
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Table 2. Kinetic parameters of the myrosinase from white mustard seed

for substrates

Substrate
Salicin
4-NPG o Indican
Sinigrin 2-(hydroxym
Parameter (4-nitrophenyl (3-indoxyl
(2-propenylgl ethyl)phenyl-
-B-D-glucopy B-D-glucopyr
ucosinolate) B-D-glucopyr
ranoside) anoside)
anoside)
Km (mM) 1.03 3.77 -0.01 0.12
Vmax
270.27 29.67 not applicable 82.64
(umole/min)
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Fig. 13. Dependence of myrosinase activity on reaction time. Sinigrin,
2-propenylglucosinolate; 4-NPG, 4-nitrophenyl-B-D-glucopyranoside; Salicin,
2-(hydroxymethyl)phenyl-B-D-glucopyranoside; Indican, 3-indoxyl B

~D-glucopyranoside.
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3.4.3. L-Ascorbic acid® <3

Myrosinase®] cofactor® ¢# % L-ascorbic acidE %o we} SFHvjitg&4E
o MA= e stk (Fig. 14).
Myrosinase®] 7| &2 sinigring AF-8-3t% S W= L-ascorbic acide] €4 7%
37} wj§- Z ok L-Ascorbic acid®] F%E7F 0.2 mMY W, &4 Fuj&Ado] 240
units® L-ascorbic acid& #7Fst#] %8k wle] 60 unitsell H]aiA 4u} F%= F
7} tH(Fig. 14A). ol&l3k &4 =23 3+= L-ascorbic acid®] %7} 1.0 mM
2 wj% B39t} Sinigrine] L-ascorbic acid®] 7} #-%o wet & &4 &
A apolE Hol= AL myrosinasei= U B-glucosidaset @] A9 &
i Q7] wREel k.
Myrosinase®] glutamine %t7]3= L-ascorbic acid®] AgH-9l= 2188 3t u}
2} L-ascorbic acid¥ myrosinase®] X% <¢l#Fo]th(Nong %, 2010).
Myrosinase?] 7|2 & 4-NPGE A83lS W= sinigrin® A3 H a48A4
of FA9 Aol UUARE, L-ascorbic acid7} ZFul A4S F7FAIAUL
L-Ascorbic acid7} glol% &4 AL 135 unitsell 29389 ar, L-ascorbic acid
o] F%x7F 06 mMY W §4gdo] 16w A% F7Fstoh(Fig. 14B).

714 sinigrin® 4-NPGE 7|28 02 A= S-glycoside, $*+= O-glycoside

(o3

AR Fo A 24 glutamate Aol glutamine #71E& ZEal

O

2 Gtx7F A48 2tk 284 L-ascorbic acid’} myrosianse®] 7FEial A
of A= 2% gE2A vEkg ¢ v ol#ld Ads= L-ascorbic acid7t wF
AAA A3 A (uncompetitive  activator) A FolA 22 myrosinase?]
sinigrin? 4-NPG®| 7tis) €4S F7hstivks Rk FAFStH(Shikita &,
1999). Li %(2005)% a1y ol(horseradish)®] myrosinase &4o] 05 mM
L-ascorbic acidell ¢]sl|A Fx1=o] Km¥ Vmax EF S7Fstlthal 1B a1sksl o
1w, Bhat 5(2015) %3+ Lepidium latifolium (£7)tFe¥do])e] myrosinase &4
©°] 05 mM L-ascorbic acidel <¢]ste] oF 658 F7hstvia HIshS)
L-Ascorbic acidell ¢t §48A 7> L-ascorbic acide] Abst3Iwtg- &
A3 (Tsuruo 5, 1967). Burmeister 5 (2000)2 x-ray crystallographyE ©| &

3t ascorbic acid’} %Al myrosinase?] XS ERE=x ASFE A}

a
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L-ascorbic acid’} myrosinase®] X549 ZAFHE$7F obd aglycone] A& s+
oo HAE el Afete, =" 7E "ol TheERsukS
(deglycosylation)ol| A Z v 2}-8-& st 9 7](base)e] 9 ©H3t7] wiolzt
T R uEA

3k | sinigrin? 4-NPG &% % o & L-ascorbic acid®] =7} 44 F+2 4
o] AW myrosinase®] FujEdo]l tvih A EH= AN}E EATHFg 14).
L-Ascorbic acid®l] ¢]3F myrosinase?] v A &2} #H3 e], Kleinwachter
5-(2004)2 Tropaeolum majus(3rdsh)ol A ¥2l® myrosinases Abg3slo]
Aok vist datE dglew, a5 AtelA L-ascorbic acid7b $li= “3H
o = myrosinase?] FjEA 2 gldoem 2 mM FEolA FHu A4S e
i1, L-ascorbic acid #%7F 1 oo = F7tstH FHwjddo] tfa "Hojxtha
B sty aFYYol(horseradish)®t  Lepidium latifolium (7165w 9]) 2]
myrosinase &4 53 L-ascorbic acid®] F%7F 0.7 mM ] 58 A )= Ak
2 BauEdoew(lLi %, 2005 Bhat %, 2015), Andersson %(2009)&
Arabidopsis thaliana(°l7]17& )] myrosinase &4d°] 1 mM o] HH A3jr}
3 AT 9 FX o] L-ascorbic acid 7] @ o] & A= F-9ol
ZAstsl7] wjFo] myrosinase® 7% A 8] A (competitive inhibitor) & #-83} o]
E48AAS A= Ravl J(Tsuruo 5, 1968; Burmeister %, 2000;

Pontoppidan &, 2001).
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Fig. 14. Effect of L-ascorbic acid on the hydrolysis of sinigrin (A) and

4-NPG (B) by myrosinase from white mustard seeds.
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34.4. Thio 3 E9] 4

Myrosinase?] ZFul&Ado] v A= thio 3tES] J&FS FA s o, VAR =
10 mM®] sinigrin®} 4-NPGE Z}Z} AR5 Y (Fig. 15).

S-glycosidic 2% 7k sinigring 7|2 = AFE-dS W (Fig. 15A), & 3 of
S FHsd o, Gt

(sulfhydryl groups, -SH)E zti1  gl+= cysteine, 2-mercaptoethanol¥}

B>

1 % 2FQl methionine> % o|EXH o2 §
glutathione& X% sinigrin %38 &4S # &l a3t}

Hamed %(2016)% Bacillus thuringiensisol A %38 myrosinases 7|2
sinigring AF&3te] 5 mM9] methionine ¥ cysteined] Q&S FAs =, 2t
Z}o] thio 3}%HE -2 myrosinase?] SAI3IAAS FA3A AT R F Ao
= e, 2-mercaptoethanol®] 75 60 mM FE7tA = &Aoo Frtsurt

T1 ool A= tiE el e &de] 7

B
_OL
22
o
R
FT
=
ol
32
o

38 O-glycosidic A%l A= 4-NPGE 7|22 AL8319S w=(Fig. 15B),
S-glycosidic 2%-2 714 sinigring 7|22 AFE3S wle} o2 Ayrt dojH
th. Glutathione> &% oFA 07 oFatA 2484 FIEAE YHelAa, 2
o]2]e] cysteine, methionine, 2-mercaptoethanol> ] 10 mM %74 &4
gl FElg GFol Ak webA thio &=l =4 %= myrosinase?]
4-NPG 3] 2o @3el vk 2= = Utk ol¢t FASHAl Durham &
(1990) %= &st+47]E AW dithiothreitole] 5 mM & %°4] myrosinase?]

4-NPG #3& &4E 44% ZF7HA#H o1, 2-mercaptoethanol S & 37} glvkar 1

Thio 3}3&S FASAIZA G4 Gz o] Abs}/ghelol] #ojste]  FHuj Ao
gdeS 71 ¢ A (Cleland, 1964; Gilbert, 1984; Alliegro, 2000; El-Shora %,
2009; Bhat %, 2015, Bhat %, 2019). Bhat %(2015)<2 myrosinase® - 7)<l
dithiothreitol(DTT) ¥} 4F3}#) 21 Copper(1l) chloride(CuCly) 2.2 A& 3te] T4
dE AT A3, SAAQ DTTO &A= 249 245 S7HAA L, AFstAl
JLEFATE e Aol M =

& al
Aol v A= By dEe] Absh/gk el kgt o] gl



5} myrosinase®] W& Al 7] Hel uhe}
AL sinigrin® 4-NPGe] #&7]|do] A& &S
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Fig. 15. Effect of thio compounds on the hydrolysis of sinigrin (A) and

4-NPG (B) by myrosinase from white mustard seeds.
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4. 4 &

Ao A= WA X (white/yellow mustard, Brassica alba, Sinapsis alba)®]

Z2}to] Eo]9lE &4 myrosinase(EC 3.2.1.147, thioglucosidase, thioglucoside

glucohydrolase, sinigrinase)& w83t¥ 3, G40 E984d 54, 714 5ol

a8a G40 Ao 9ES v A= 3HEEd dalA 2AFSEI T
Myrosinaset™= W AA FAE st A2 2o 435 A (50 mM phosphate

buffer) jold #2® F F2EL AATYste] 4L At Ao

FUGEHS 59 F awAL YANAN LT 50~850A01 ] HAES o
fa, AAES FANA GEL AA F FAAZ Sgvh SAAzE ARE
ol g4 i

wAe Ha 31kl ol 370¢] myrosinase isozymesE ¢l st ow &
=S myrosinase [ & ARS o A3l HojQle ko] AWAb
FRE A st AEE FASAY. FAo] ¥d ARE sAAZSA
F%3}o]  Sephadex G-100 gel permeation column=s Al#H 1, I1EFE
myrosinase &/d°] Y= IS EYY BEE &49 %+  native
polyacrylamide gel electrophoresis@® 2213}o] gel Aol A F7)2] gl vz
Merb el a, Bapeke 7247b 171 kDast 476 kDao 2 FA A =3 gel
& methyl red® &4 &4 9L oy, did W=7t gl Fito] Ao
2 st o™ myrosinase! S EISHA T wekbA WARE TRl = F 470 9

myrosinase isozyme®] £A gt FA4 = 9
CE()el wet Wk G40 FujdAd g bEAdES TAEAS W, &40 H
A g L 43Collem S0TCHE a4 WASE d4dS 47 Al&stid
WA & i 5 e CTE RS L i ) R 2 S T A

3} o1l #]+= 18.3 kcal/mol®] 1t}

Allylglucosinolate  (sinigrin), 4-nitrophenyl-B-D-glucopyranoside (4-NPG),
3-indoxyl B-D-glucopyranoside (indican), 2-(hydroxymethyl)phenyl-B

~D-glucopyranoside (salicin) % glycoside 4% 2] 7] & th3al F 4o 741 3)
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5 ZAFSE A3} sinigrin, 4-NPG, indican< myrosinased] ©]sjA Faf¥ o
L, salicin> A9 7Fad] = A &gtk 49 Km3¥ Vmaxi= sinigrinel] o 3l
15 1.03 mM3¥} 27027 umole/min, 4-NPGel el 377 mM3F 29.67
pumole/min, 123 indicandl A= 012 mM¥} 8264 umole/min®] AT},
Sinigrin¥} H|2l¥ W] salicin? indican< myrosianse®] W3k -3k 7] & o] o}y

At}

>

= 9SS 2AEE 7122 sinigrin® 4-NPGS AF8-3tal L-ascorbic acid?]

L= 2e3to] L-ascorbic acid7} &4 FHvjit$& o) v X 9IS 2ALS
A¥, Z484 FHEIE 03 mM wxolA 7HE =3koy 0.6 mM o]de] F
FoM = 23] 3484 S A Y. L-Ascorbic acid’} myrosinase®] 2] gk
sinigrin®] &3l E FHo 409 FHs o 4-NPGE w8l Hdl 16w Fxla
=4 23t} Thio $+5HE9°] myrosinase &40l v X += &3+ AFE-s= 7] &
ek @sktl. S-glycoside?] sinigring 7] 22 AFE-S w 3 Ff ofv| w4tk
¢l  methionined F&E oFEHoR FATAHNS =X ov, i)
(sulthydryl groups, -SH)E Ztil 3Ji= cysteine, 2-mercaptoethanol %
glutathione> X sinigrin #3] A4S A5t vbH O-glycosides!
4-NPGE 7142 288 u, glutathioned ¥% oFA o7 okslA gAeA

S FHRsF oy, 1 o929 cysteine, methionine, 2-mercaptoethanol< & 484

of F3lgk F&o] fl3lvh. Thio 3tgtEol 2§ 71 &l wel 1 e &gl v A
= o] b2 AL sinigrin? 4-NPGe] {37 do] A& th5S vk g
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Myrosinase(thioglucosidase, EC 3.2.1.147)% 59434 <& 2 S-glycosidase©]
1 glycoside hydrolase family 1(GH1)el <3t} Myrosinases< & 4 x}3}3}
(Brassicaceae)l X A E W, myrosinase®t A A AF I FE O EAEE
glucosinolates®] 7} 3l & FHgth 2 AFol A= &4 myrosinase’t $H
3k A Asta AFel WA XN (Sinapis alba) FAFEE-E myrosinaseE @ A A5}
i, dostd 549 71" Sold ada 34 WS R JEE v A= s E
of thate] FAFFITE. &4 myrosinaser WMAA FAERE FEH Fgid
S R Eoer HHd B¥3 $  Concanavalin g A-Sepharose column
chromatography % gel permeation chromatography< Ab8-3te] x4 o2 A
A3, Myrosinase9] A A A== native  polyacrylamide — gel
electrophoresis(native-PAGE) & A}-&-3fo] ©rwld Al 9 geldoll Al methyl red
5 o83 34 #4d dMow FAMSIIH. Native-PAGEClA  &le 27]9]
myrosinase isozymes?] 2w 747} 171 kDa % 476 kDa¢l Z o2 FAHF ).
W A2} F2F2] myrosinase A WHS2% 43Co]™, myrosinase?] & &4 3}
A8 &3t ol A= 183 keal/molo| ATt &A4e] 7]dd thek M3t eE e
Y= A Km¥y Fowk$-<4 % Vmaxys ZHZ}E allylglucosinolate (sinigrin)ell o
A= 1.03 mM % 27027 pmole/min, 4-nitrophenyl-B-D-glucopyranoside
4-NPG)Al tisiAE= 377 mM 2 2967 umole/min, “1#]3 3-indoxyl B
~D-glucopyranoside (indican)ell ™34+ 012 mM % 82.64 umole/min®©] A t}.
2-(hydroxymethyl)phenyl-B-D-glucopyranoside (salicin)< myrosinase®] 2] 3|

7] = A 2ekt). Sinigrind W] g W] salicin®} indican< myrosianse®]]

=
o

5k =3k 71" o] oY ltl. Myrosinase? H.FZAAE 2] % L-ascorbic acid
= 03 mM s=9dA 712 sinigrin¥ 4-NPGe #a&& zHzF o 4.04], 1.64)

FxstA o, 06 mM ool = o8l 4TS Adielth. Thio 3=

rr

Q1 cysteine, glutathione, 2-mercaptoethanol % methionine®] myrosinase v

g0 vAE dure AgE el weh vl e
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