138 J. Agric. Food Chem. 1986, 34, 138-140

Registry No. Adenopus breviflorus neutral proteinase,

99531-63-2.

LITERATURE CITED

Adewoye, R. O.; Bangaruswamy, S. Das Leder 1984, 35, 78.

Anson, M. L. J. Gen. Physiol. 1938, 22, 79.

Arnon, R. Methods Enzymol. 1970, 19, 237.

Davis, B. J. Ann. N.Y. Acad. Sci. 1964, 121, 404.

Dixon, M. Biochem. J. 1953, 54, 457.

Drenth, J.; Jansonius, J. N.; Koekoek, R.; Swen, H. M.; Wolthers,
B. G. Nature 1968, 218, 929.

Greenberg, D. M. Methods Enzymol. 1955, 2, 54.

Irvine, F. R. “Woody Plants of Ghana”; Oxford University Press:
London, 1961; p 88.

Jakoby, W. B. Methods Enzymol. 1971, 22, 248.

Kaufman, S. Methods Enzymol. 1971, 22, 233.

Kimmel, J. R.; Smith, E. L. Adv. Enzymol. 1957, 19, 267.

Layne, E. Methods Enzymol. 1957, 3, 447.

Loomis, W. D. Methods Enzymol. 1974, 31, 528.

Ornstein, L. Ann. N.Y. Acad. Sci. 1964, 121, 321.

Shapiro, A. L.; Vinuela, E.; Maizel, J. V. Biochem. Biophys. Res.
Commun. 1967, 28, 815.

Weber, K.; Osborn, M. “The Proteins™; Neurath, H., Hill, R. L.,
Eds.; Academic Press: New York, 1975; p 179.

Received for review November 20, 1984. Revised manuscript
received April 23, 1985. Accepted September 9, 1985.

Myrosinase from Sinapis alba L.: A New Method of Purification for

Glucosinolate Analyses

Sandro Palmieri,* Renato Iori, and Onofrio Leoni

Myrosinase from white mustard seeds (Sinapis alba) has been purified starting from aqueous crude
extract in a single step by affinity chromatography on Con A-Sepharose. The specific activity, recovery,
and binding capacity in four separate trials using glucose, mannose, methyl a-D-glucoside, and methyl
a-D-mannoside for elution were also determined. The enzyme isolated by our approach showed a good
degree of purification, appearing homogeneous on SDS-PAGE analyses. In the four trials of purification,
the specific activity and recovery ranged from ca. 21 800 to 26 000 U/mg and 39.2 to 91.1%, respectively.
The binding capacity of Con A-Sepharose for myrosinase was 6.6 mg/mL gel bed, which corresponds
to 150000 U/mL of chromatographic bed. In addition, the enzyme bound in a column to Con A-Sepharose
remained active toward substrates. In this condition, myrosinase can therefore be useful for routine

analyses of total glucosinolates.

INTRODUCTION

Meals of defatted rapeseed and other cruciferous seeds
have a high protein content with good amino acid com-
position, which should make them suitable for animal feed.
However, they normally contain large amounts (20-25
g/kg) of glucosinolates, which limits their use (Clandinin
and Robblee, 1978; Thomke, 1981). Rapeseed also contains
myrosinase (thioglucoside glucohydrolase 3.2.3.1) which
along with glucosinolates, is widespread in Cruciferae. This
enzyme catalyzes the hydrolysis of glucosinolates to form
goitrogenic and potentially hepatotoxic isothiocyanates,
glucose, and sulfate:
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A selection aimed at lowering the total glucosinolate con-
tent while maintaining a good oil percentage (especially
for rapeseed) appears inevitable today. Consequently a
dependable, fast, and cheap analytical method is essential
for screening in breeding programs.

In the last decade many useful analytical techniques for
total and individual glucosinolate determination in cru-
ciferous material have been proposed such as UV spec-
trophotometry (Wetter and Youngs, 1976), gas chroma-
tography (Underhill and Kirkland, 1971; Thies, 1976),
titrimetry (Croft, 1979), and ion-exchange chromatography
(Heaney and Fenwick, 1981). However, many of these
techniques, in addition to being long and rather tedious,
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require myrosinase for glucosinolates hydrolysis before
analyses.

In previous paper (Iori et al., 1983) we described a me-
thod to determine glucosinolates and glucose content si-
multaneously using double-coupled enzymes such as my-
rosinase-glucose oxidase, with polarographic measurements
of O, uptake. This method permits a significant reduction
in the analysis time (ca. 4 min). It also affords the free
glucose of the sample in the same analysis period of the
total glucosinolate. In addition, it is suitable for analyzing
samples with low glucosinolate content (<10 umol/g). In
our laboratory, we have carried out more than 1000 such
glucosinolate and glucose analyses (Olivieri et al., 1982).
The technique gives good results regarding quality of data,
cost, and time saving. Nevertheless, the applicability of
the described method is still greatly hindered by the
availability of myrosinase, which requires a tedious,
time-consuming purification procedure with a rather low
activity recovery. In fact, myrosinase from white mustard
seed (Sinapis alba), from rapeseed (Brassica napus), and
from other cruciferous seeds has been purified until now
by typical multicolumn systems as reported by Bjorkman
and Janson (1972) and Ohtsuru and Hata (1979).

This paper describes a simple method, also suitable for
large-scale preparations, for isolating myrosinase with high
specific activity from crude extracts of white mustard seed
by affinity chromatography.

MATERIALS AND METHODS

Materials. White mustard seeds (S. alba) were pur-
chased from the local market. Con A-Sepharose was ob-
tained from Pharmacia Fine Chemicals; the electrophoresis
equipment and reagents were from Bio-Rad. The sinigrin
used as the myrosinase substrate was obtained from K &
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Table I. Purification of Myrosinase
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step vol, mL total protein, mg

total act., U

sp act., U mg™ purificn, fold yield, %

crude extract 80 243.9
dialyzed-centrifuged extract 90 30.6
Con A-Sepharose
glucose (A) 10 2.8
mannose (B) 10 4.4
methyl a-D-glucoside (C) 10 6.0
methyl a-D-mannoside (D) 10 6.6

K Laboratories (Plainview, NY). The other reagents were
of analytical grade.

Preparation of Crude Extract. A 300-g sample of
white mustard seeds was washed with distilled water and
then homogenized with an Ultra-Turrax Model T.45
(IKA-Werk, Staufen, West Germany), with 2 L of distilled
water. The nonsoluble material was removed by centri-
fugation at 17700g for 20 min; the supernatant was filtered
through two sheets of filter paper and dialyzed thoroughly
against distilled water. During dialysis the greater part
of nonactive proteins precipitated and were easly removed
by centrifugation. The light yellow, transparent crude
extract (ca. 750 mL) was then dialyzed against 20 mM
Tris-HCI, pH 7.4, containing 0.5 M NaCl. All steps of
extract preparation were carried out at 4 °C.

Chromatography. Four chromatographic trials were
carried out at 4 °C simultaneously on 1 X 10 cm columns
each loaded with 1 mL of Con A-Sepharose and then
equilibrated with the same buffer solution used for last
dialysis of crude extract. An aliquot of dialyzed—centri-
fuged extract sufficient to saturate each column was ap-
plied with a loading rate of 8 mL/h. The columns were
then thoroughly washed with starting buffer until the
absorbance reached at zero value at 280 nm. To establish
the best elution system, myrosinase was then eluted from
each column with a total volume of 10 mL of different
eluent solutions, viz. 0.25 M glucose, mannose, methyl
a-D-glucoside, and methyl a-D-mannoside, all in starting
buffer. In all trials the flow was stopped for 30 min just
after the collection of each fraction to improve the elution
efficiency.

Enzyme Assay. Myrosinase activity was determined
by measuring the decomposition of the substrate sinigrin
by following the decrease in absorbance at 227 nm using
quartz cells with a 5-mm path length on a Model 219 Cary
recording spectrophotometer. One unit of myrosinase
activity was taken as the amount of enzyme that catalyzed
the hydrolysis of 1 nmol of substrate min! under the
conditions described in previous paper (Palmieri et al.,
1982).

Protein Measurement. Soluble-protein concentrations
were determined by the Coomassie Brilliant Blue G-250
method using BSA as standard reference (Bio-Rad Labo-
ratories, 1979).

Electrophoresis. SDS-PAGE was carried out with a
Bio-Rad vertical cell system by the Laemmli (1970) pro-
cedure and with 7% polyacrylamide gels loading 25 ug of
protein/lane. Protein was stained with Coomassie Brilliant
Blue R-250. The protein markers used were the high
molecular weight standard mixture containing myosin
(200K), B-galactosidase (116K), phosphorylase (92K), BSA
(66K), and ovalbumin (45K).

RESULTS AND DISCUSSION

Is well established that concanavalin A binds molecules
that contain a-D-mannopyranosyl and «-D-glucopyranosyl
residues with reactive hydroxyl groups in C-3, C-4, and C-5.
Since white mustard myrosinase is a glycoprotein con-
taining 18% carbohydrate as reported by Bjérkman and
Janson (1972), it was reasonable to suppose that the en-

164700 680 1 100
157500 5100 7 95.6

23100 34 39.2
26000 38 69.4
21800 32 79.5
22700 33 91.1

64600
114300
130900
150000

3.0

¢— buffer
¢— elution

absorbance 280 nm

1”

-

10 30 5 70 9 10 1%
fraction
Figure 1. Dialyzed-centrifuged extract (90 mL) applied to 1 X
10 cm column containing 1 mL of Con A-Sepharose at a rate of
8 mL/h. The column was then washed with starting buffer. The
fraction size was 1.5 mL. The elution with 0.25 M methyl a-D-
mannoside in starting buffer was begun with fraction 108; the flow
was stopped for 30 min after the collection of each 1.25 mL/
fraction. The enzyme was pooled as indicated.

zyme binds to the gel when the carbohydrate moiety is in
a suitable configuration. In fact, preliminary trials in batch
showed an appreciable retention of activity. By the one-
step Con A-Sepharose affinity column procedure as de-
scribed in the Materials and Methods, the myrosinase was
purified in high yields starting from the aqueous crude
extract of white mustard seeds, resulting in a valuable
specific activity. In fact, as reported in Table I, with a
suitable eluent, e.g. 0.25 M methyl a-D-mannoside, it is
possible to obtain a yield above 90%. In all cases we
obtained high specific activities, ranging from 21800 to
26000 U mg™. Both specific activities and yields of enzyme
were much higher than previously obtained with a mul-
ticolumn procedure involving DEAE-cellulose, CM-Seph-
adex C-50, and Sephadex G-200 gel filtration chromatog-
raphy (Palmieri et al., 1982; Iori et al., 1983). In addition,
considering that the maximum loading capacity of Con
A-Sepharose reached 150000 U of myrosinase/ mL of bed
(corresponding to 6.6 mg) it is possible to obtain very
large-scale, pure myrosinase preparations by this simple
method using a greater gel quantity.

The chromatographic profiles obtained by the present
method of myrosinase purification using solutions B-D
(Table I) were typical of an affinity chromatography with
an initial high, broad peak corresponding to nonadsorbed
material and a second narrow peak containing the myro-
sinase activity (Figure 1). With glucose as eluent, only
ca. 40% of myrosinase was recovered even at higher con-
centration. However, continuing the elution with «-D-
mannoside the great part of the remaining activity was
eluted in few milliliters.

Myrosinase isolated by this simple procedure from each
trial migrated on SDS-polyacrylamide gel as a nearly ho-
mogeneous polypeptide as shown in Figure 2. The cal-






