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Myrosinase (b-thioglucoside glucohydrolase, EC -.,.-.+) is involved in pungency generation in wasabi

(Wasabia japonica Matsum.). We isolated full-length cDNA (WjMY+) encoding myrosinase from the petiole

of wasabi. The deduced polypeptide has /./ amino acids with a molecular weight of 0,+*1. WjMY+ mRNA

is accumulated in whole organs of the wasabi plant ; the order of expression is petiole�rhizome�leaf. The

order was found to be similar to that of the specific activity of myrosinase. This is the first report de-

scribing the isolation of a myrosinase gene from wasabi.
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Introduction
Wasabi, or Japanese horseradish (Wasabia japonica

Matsum.), is a perennial herb traditionally used in Japa-

nese food. Demand for wasabi is increasing as Japanese

food increases in popularity around the world. Recently,

it has been reported that wasabi paste or compounds

extracted from wasabi have many health benefits (Kinae

et al., ,***). Wasabi showed bactericidal activity against

Helicobacter pylori by inhibiting bacterial urease activity

(Masuda et al., ,**., Shin et al., ,**.). The growth of

Vibrio parahaemolyticus was inhibited by allyl isothi-

ocyanate from wasabi (Hasegawa et al., +333). 0-Meth-

ylsulfinylhexyl isothiocyanate has been found to induce

apoptosis in human monoblastic leukemia U3-1 cells

(Watanabe et al., ,**-). Antiplatelet and anticancer ac-

tivities were found in isothiocyanates from wasabi (Mori-

mitsu et al., ,***). A wasabi-derived isothiocyanate in-

hibited the development of lung tumors in mice (Yano et
al., ,***).

Isothiocyanates are generated by a myrosinase-glu-

cosinolate system (Hara et al., ,**-a). The system, which

is common in Brassicaceae species, consists of two compo-

nents, the enzyme myrosinase and the substrate glu-

cosinolate. Mechanical disruption of the plant tissue

causes an enzymatic reaction, and glucosinolates are con-

verted to the corresponding isothiocyanates. Myrosi-

nase genes have been isolated from some Brassicaceae

species (Rask et al., ,***). Although amino acid se-

quences are conserved in all myrosinases of Brassicaceae,

two subfamilies, the Brassicaceae crop type and the

Arabidopsis type, were classified by their sequence simi-

larity (Hara et al., ,**-a). Wasabi-derived myrosinases

were purified and characterized by Ohtsuru and Kawa-

tani (+313), and Hara et al., (,**+) demonstrated that the

myrosinase-glucosinolate system in wasabi exists in the

epidermis and vascular cambium of the root. However,

there are no reports concerning the myrosinase gene of

wasabi. In this paper, we report the sequence of wasabi

myrosinase and examine its expression in wasabi plants.

Materials and Methods

Plant materials Wasabi (Wasabia japonica Matsum.

cultivar Mazuma) was grown in a field developed in a

mountain stream in Amagi, Shizuoka, Japan. One-year-

old plants were harvested, separated into leaves, petioles,

and rhizomes, frozen immediately with liquid N,, and kept

at �1*� until use.

cDNA cloning of wasabi myrosinase (WjMY+) Total

RNA was extracted from the wasabi petiole with an

RNeasy Plant Mini Kit (Qiagen, Tokyo, Japan). The

cDNA fragments of wasabi myrosinase were prepared by

reverse transcription-polymerase chain reaction (RT-

PCR) using an RNA PCR Kit Ver. ,.+ (Takara, Tokyo,

Japan). Reverse transcription was carried out at ./� for

-* min, and PCR was conducted through -* cycles of 3.�
for -* s, .,� for -* s, and 1,� for 3* s. Degenerated

primers were designed based on conserved regions of

myrosinases from Brassica napus (myrosinase A type,

EMBL accession number Z,+312 ; myrosinase B type,

EMBL accession number X0*,+. ; myrosinase C type,

EMBL accession number X13*2*), Sinapis alba (myr-

osinase B type, EMBL accession number X/3213), and

Arabidopsis thaliana (thioglucoside glucohydrolase +,

EMBL accession number X13+3. ; thioglucoside gluco-

hydrolase ,, EMBL accession number X13+3/). PCR with

the MYR+ primer (/�-TTRYMRAAYTCRTARTTRTCNCC-

-�) and the MYR, primer (/�-AAYTAYTAYGTNACNCARTAYGC-

-�) gave a predicted fragment of ca. .,* bp. The anneal-

ing sites of the primers are shown in Fig. +B. The PCR
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products were cloned into the pDrive Cloning Vector of a

PCR Cloning Kit (Qiagen) and sequenced. Nucleotide

sequencing was performed using a SequiTherm EXCEL II

Long-Read Premix DNA Sequencing Kit-LC (Epicenter

Technologies, WI, USA) on a DNA sequencer (Model .***

L, Aloka, Tokyo, Japan). The -�-rapid amplification of

Fig. +. Comparison of amino acid sequences of wasabi myrosinase (WjMY+) and other myrosinases, and PCR primers

used in this study.

A. Alignment of amino acid sequences. Wj : wasabi myrosinase WjMY+ (DDBJ accession number AB+3.3*-, this study) ;

Rs : radish (Raphanus sativus) myrosinase (DDBJ accession number AB*.,+20) ; Bn : rape (Brassica napus) myrosinase (EMBL

accession number X0*,+.) ; At+ : Arabidopsis thaliana myrosinase (thioglucoside glucohydrolase +, EMBL accession number

X13+3.). Asterisks indicate identical residues among the four sequences. Glucose ring recognition sites (�), residues

involved in an aglycon pocket (�), and a residue forming a glucosidic bond (�) are shown.

B. Design of PCR primers. Arrows indicate the direction from /� to -� in the primers. Numbers under the names of

primers are the positions of the corresponding primers in the nucleic acid sequence of WjMY+ cDNA.
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cDNA ends (RACE) method and /�-RACE method were

applied to isolate full-length clones. The primer se-

quences were as follows : WJSP+ primer (/�-CTGCCATG-

ATGGACGCAAACGTAACGC--�) for -�-RACE and WJSP

, primer (/�-CGTCTCCTTGATGACCTTACGGAG--�) for

/�-RACE. The annealing sites of the primers are shown

in Fig. +B.

Quantification of myrosinase transcripts Total RNA

was extracted from the leaves, petioles, and rhizomes of

wasabi with the RNeasy Plant Mini Kit (Qiagen). One

microgram of RNA was subjected to semiquantitative

RT-PCR (Goidin et al., ,**+) using the QuantumRNA +2S

Internal Standards Kit (Ambion, TX, USA). In this assay,

the target RNA can be quantified as a relative amount

using endogenous rRNA as an internal standard. Re-

verse transcription was performed at ./� for -* min,

and PCR proceeded through -* cycles of 3.� for -* s, //�
for -* s, and 1,� for 3* s. Specific primers for wasabi

myrosinase, designed from sequences revealed in this

study, were /�-CTTCCCAACTTCACGGAAGCAGAAG--�
(WjMAZSP-+ primer) and /�-GTTGGTGGTAACGTTA-

ATGAACC--� (WjMAZSP-, primer). The annealing sites

of the primers are shown in Fig. +B. The ratio of +2S

primer to competimer was - : 1. The PCR reactions were

stopped at +,, +2, ,., and -* cycles and the products were

analyzed by +./� agarose gel electrophoresis with eth-

idium bromide staining. After determining band intensi-

ty using NIH-Image software, the relative mRNA contents

were deduced from the intensities of the target PCR prod-

ucts and the rRNA PCR products according to the instruc-

tion manual for the QuantumRNA Kit. A logarithmic

increase in band intensity was observed from +, cycles to

,. cycles. Thus, the values at +2 cycles were used to

determine the relative mRNA content.

Myrosinase activity Myrosinase activity was meas-

ured by the method of Palmieri et al., (+32,) with slight

modifications. Fresh tissues (+ g) were ground in a mor-

tar with / ml of reaction bu#er (-- mM potassium phos-

phate bu#er pH 1.*) containing + mM dithiothreitol on ice.

The homogenate was centrifuged at +,,***�g for +/ min

at .�. The supernatant was applied to a PD-+* gel-fil-

tration column (Amersham Pharmacia Biotech, Tokyo,

Japan) equilibrated with the reaction bu#er. The dial-

yzed sample was used as an enzyme solution. The sub-

strate solution (+ ml of total volume) contained -- mM

potassium phosphate bu#er adjusted to pH 1.* at -*�, /**

mM sodium ascorbate, and +/* mM sinigrin (Sigma, Tokyo,

Japan). The enzyme solution (+* ml, / mg protein) was

added to the substrate solution and incubated at -*�.

The decrease in UV absorption at ,,1 nm (molecular ex-

tinction coe$cient for sinigrin : 012. mol�+ cm�+) was

monitored for +/ min by a photometer (UV-,.*, Shimadzu,

Kyoto, Japan). An initial velocity was calculated for

enzymatic activity : one unit (U) of myrosinase activity

was defined as the enzymatic hydrolysis of + nmol

glucosinolate min�+. The protein amount was deter-

mined by the Bradford method (Bradford, +310).

Results and Discussion

As the sequences of the PCR clones were similar to

those of myrosinases of other species published previous-

ly (Rask et al., ,***), it was concluded that the products

derived from RT-PCR using degenerated primers (MYR+

and MYR,) corresponded to regions of the wasabi

myrosinase gene. Six full-length wasabi myrosinase

clones were obtained by the RACE method. Because the

partial sequences from the /� ends to the positions at -/*

bp were identical, it was suggested that the six clones

were identical. We determined the whole sequence of

one of the six clones, designated as WjMY+ (Wasabia ja-
ponica myrosinase +). The open reading frame (+0-/ nu-

cleic acids) encoded polypeptides with /./ amino acids,

and the predicted molecular weight was 0,+*1. The

amino acid sequence is shown in Fig. +A. The WjMY+

Fig. ,. Distribution of mRNA accumulation and enzyma-

tic activity of myrosinase in wasabi plants.

A. Agarose gel electrophoresis during semiquantitative

RT-PCR (+2 cycles). RT-PCR products from wasabi my-

rosinase (WjMY+) mRNA and rRNA (an internal standard)

are shown. Details are described in Materials and Meth-

ods. R, P, and L represent rhizome, petiole, and leaf, re-

spectively.

B. Relative amounts of WjMY+ mRNA in di#erent organs

of wasabi. Values were calculated from the band inten-

sities shown in Fig. ,A. The PCR product of rRNA was

used as the internal standard. R, P, and L represent rhi-

zome, petiole, and leaf, respectively. Values and bars

indicate means and di#erences, respectively. Experiments

were repeated twice. a No significant di#erence ; b signif-

icant di#erence at P�*.*/. To determine a or b, the value

of column P was standardized.

C. Specific activity of myrosinase in di#erent organs of

wasabi. R, P, and L represent rhizome, petiole, and leaf,

respectively. Values and bars indicate means and di#er-

ences, respectively. Experiments were repeated twice.
a No significant di#erence ; b significant di#erence at P�*.*/.

To determine a or b, the value of column P was standard-

ized. Protein contents of rhizome, petiole, and leaf were

+,.3�*./ mg/g fresh weight, /./�*.+ mg/g fresh weight, and

,,.+�,./ mg/g fresh weight, respectively. The values in-

dicate mean�di#erence (n�,).
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myrosinase showed high similarity to the myrosinases of

radish, rape, and Arabidopsis. The identities at amino acid

level were 12.0� (wasabi vs radish), 2*.*� (wasabi vs

rape), and 1*.1� (wasabi vs Arabidopsis). Glucose ring

recognition sites, residues of an aglycon pocket, and a

residue forming a glucosidic bond, all of which were

identified by X-ray structural analysis (Burmeister et al.,
+331), were conserved in WjMY+.

Semiquantitative RT-PCR analysis showed that WjMY

+ mRNA accumulated in all organs tested (Figs. ,A, B).

The order of mRNA accumulation was petiole�rhizome

�leaf ; as indicated in Fig. ,C, the order of myrosinase-

specific activity was petiole�rhizome�leaf. The results

shown in Fig. ,C do not contradict the report that myr-

osinase activity in petioles and rhizomes was higher than

in leaves during the cultivation of wasabi (Hara et al.,
,**-b). These results suggest that high myrosinase ac-

tivity results from the high expression of myrosinase

gene(s) in petioles and rhizomes.

This study examined the amino acid sequence of

wasabi myrosinase. The molecular mass predicted from

the sequence was 0,.+ kDa ; however, Ohtsuru and Kawa-

tani (+313) reported that the molecular mass of the sub-

unit in wasabi myrosinase was about ./ kDa. Mature

enzymes may be generated from the proprotein by pro-

cessing. Further analysis will elucidate the processing

mechanism of wasabi myrosinase.
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