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ABSTRACT

Myrosinases are glycoproteins composed by several minor protein subunits that occur as
mixtures of isoenzymes. Myrosinases catalyse the hydrolysis of glucosinolates, producing a
series of degradation products with biological activity. In the experiments presented in this
paper, myrosinases were purified from seeds of S. alba, B. napus and two cultivars of R.
sativus with different resistance to nematodes (Pegletta and Siletina). Three different
molecular weight groups (500-600 kD (111), 280-350 kD (1) and 140-190 kD (1)) were found
by G-200 gel filtration for B. napus and R. sativus myrosinases, whereas S. alba only showed
the group of isoenzymes with the lowest molecular weight (I). By SDS-PAGE it was found
that all isoenzyme groups were composed by 8-10 subunits of molecular weight ranging from
20-80 KkD. In an assay with sinigrin the three isoenzyme groups within a single species
showed different activity, the group with the lowest molecular weight (1) showing the lowest
activity in both B. napus and R. sativus. The different activity against sinigrin showed by both
cultivars of R. sativus may be related to their different resistance against nematodes although
other mechanisms are also likely to be involved. The possibility for utilising Brassicaceous
plants for their biological activity (fungicidal, nematocidal, nutritional, anticarcinogenic,
etc...) requires the determination of the glucosinolate content of the original material, but it
also requires the careful study of the myrosinase isoenzymes and the products resulting from
their action on glucosinolates.
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INTRODUCTION

Myrosinases (EC 3.2.1.147) occur as mixtures of different isoenzymes in all
glucosinolate-containing plants (1). The active and native isoenzymes are glycoproteins
composed by several minor protein subunits, associated in membrane bound oligomers,
which are physically separated in the plant tissues from glucosinolates (1-3). With autolysis
or damage of the plant tissues glucosinolates and myrosinases come into contact and in the
presence of water, various types of glucosinolate derived products are formed. The type of
products formed depends on the glucosinolate type, the type of myrosinases and the reaction
conditions (1, 4).

Glucosinolate degradation products have traditionally been related to quality aspects
of Brassicaceous crops used as feed and food (1, 5); however, interest in their biological
activity (related to their fungicidal, nematocidal or anticarcinogenic properties) has increased
in the last years (6, 7). A number of processes related to the biological activity of
glucosinolate hydrolysis compounds (e. g. biofumigation, consumption of fresh



Brassicaceous vegetables, etc...) involve autolysis, which is the degradation of endogenous
glucosinolates in disrupted plant material due to myrosinase-catalysed hydrolysis (8, 9).

Studies of the biological properties of glucosinolate containing plants have
traditionally been based on the determination of the glucosinolate types and concentrations.
Both of these parameters vary between plant genera, species, cultivars and even between
plant parts and along development for a single plant (10-12). However, in autolysis and in
processes and bioprocessing technologies developed for the production of high-quality oils,
proteins and bioactive products from these plants (9, 13), the type of native myrosinases
present in the starting material and the development of methods for its inactivation are of
great importance. The possibility for utilising Brassicaceous plants for nutritional, health-
beneficial and biofumigation purposes among others therefore requires the careful study both
of glucosinolates and myrosinase isoenzymes in the species of interest.

Our present work has its focus on the above mentioned issues related to the types of
glucosinolates and myrosinases present in the genera Sinapis, Raphanus and Brassica, as well
as to the transformation products of glucosinolates and the possibility to control and utilise
their bioactive properties. In this paper, the physico-chemical characteristics of myrosinases
present in three species belonging to the above mentioned genera are determined. The activity
of the myrosinase isoenzymes was also determined in an assay with sinigrin.

MATERIALS AND METHODS

Plant material. Seeds of B. napus L. cv. Pollen, S. alba L. cv. Albatros, R. sativus L.
cv. Pegletta (cultivar 80% resistant against Heterodera schachtii) and R. sativus L. cv.
Siletina (susceptible cultivar), were used in the experiments.

Isolation and purification of myrosinases. Preparation of crude extract. Seeds (30-
50 g) were thoroughly milled in a coffee grinder and defatted by Supercritical Fluid
Extraction (Spe-ed SFE, Applied Separations, USA) with CO, (40 °C, 600 bar, 45 min, 4 L
CO,/min). The defatted powder was water-extracted twice in an ice-bath with use of Ultra-
Turrax homogenization.
Purification process. Isolation of myrosinase isoenzymes and determination of the molecular
weight was performed respectively by Con-A affinity chromatography and Sephadex G-200
gel filtration with the use of a molecular weight standard (14, 15). The myrosinase activity
and protein concentration of the fractions resulting from gel filtration were determined and
fractions were pooled in groups accordingly (11, 11, I, A, B). These groups were subsequently
analysed for total protein concentration and myrosinase activity.
Enzyme pl and subunit molecular weight. Determination of isoenzymes pl and subunit
molecular weight was performed by Isoelectric Focusing and SDS-PAGE respectively in a
Pharmacia Phast System (14, 15).

Enzymatic assay. The activity of the myrosinase isoenzymes was determined by a
spectroscopic assay with sinigrin (analytical grade from the laboratory collection) as a
substrate. For all species, the assay was conducted in phosphate buffer (50 mM, pH 6.5).
Ascorbic acid and sinigrin were added to the reaction to a final concentration of 0.25 mM and
0.2 mM respectively. One unit (U) of the enzyme catalyse the transformation of 1 pmol
sinigrin (E2270m=8000 M™* cm™) into products per minute (15).

Protein determination. Protein concentration was determined spectrophotometrically using
Labert-Beers law and E**;,,=10 for all protein solutions (15).



RESULTS AND DISCUSSION

Purification of isoenzymes. The Brassica and Raphanus myrosinases were separated
by gel filtration into molecular weight (MW) groups of 500-600 kD (I11), 280-350 kD (11) and
140-190 kD (I). Myrosinases from S. alba consisted only of isoenzymes with MW of 140-190
kD (I). Figure 1 shows the elution profile of the Con A myrosinase isolate of the four
cultivars studied. Two protein peaks of a lower molecular weight (50-80 kD and a molecular
weight value below the range of the column material) were observed for all four samples but
they did not show any myrosinase activity (data not shown).
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Figure 1. G-200 gel filtration elution of B. napus and S. alba (left) and R. sativus cv. Siletina
and Pegletta (right). A molecular weight standard was used for determination of molecular
weight ranges of the fractions (15).

Myrosinases have traditionally been described to have molecular weights ranging
from 150 to 800 kD, depending on species and plant part studied (2). The isolation method
can play an important role in the final determination of the molecular weight of myrosinase
isoenzymes and whereas some authors have found myrosinase isoenzymes to be either
dimmers, tetramers or hexammers of a single subunit (16-19), others have described
myrosinase to be composed of many different molecular weight subunits giving rise to
different molecular weight groups of isoenzymes (14, 20).

Myrosinase activity and protein content. Myrosinase activity varied depending on
the isoenzyme group and the species considered (Table 1). Despite showing a similar protein
concentration, myrosinase isoenzymes from the two Raphanus species showed marked
differences in specific activity, which can be related to the different resistance that these
cultivars show against nematodes. Quantitative and qualitative differences in glucosinolate
concentration have been related to the different resistance of certain Brassicaceae species
against nematodes (21), however, studies relating the myrosinase activity to the resistance of
crop species to these herbivores are not frequent. Although there are probably other factors
influencing this resistance, it is likely that the glucosinolate-myrosinase system plays an
important role (21, 22).

Despite not being the major glucosinolate in any of the species studied, the activity
that myrosinase isoenzymes from all four sources showed against sinigrin is quite high. For
the two species showing three isoenzymes groups (B. napus and R. sativus), group | is the
least active when compared to the other two groups. Myrosinase from S. alba (group 1) was
found to be more active than any of the three groups of B. napus or R. sativus.



Table 1. Protein content and activity of the myrosinase isoenzymes from the three species.

B. napus S.alba  R.sativus Pegletta R. sativus Siletina

Isoenzyme group Il 11 | | 11 1 | 11 1 |

Protein conc. (mg/mL)  0.06 0.12 0.12 0.11 031 020 045 0.32 0.15 0.40
Activity (U/ml) 090 113 053 2.89 585 143 296 3.75 3.08 1.91
Specific activity (U/mg) 1475 9.78 453 2649 19.06 7.13 6.58 11.83 21.06 4.73

Enzyme pl and subunit molecular weight. All groups of the species studied showed
to be composed by a number of different isoenzymes of pl from 4.4 to 7.1 in agreement with
previous results (23), although most of them were grouped around pH 4.8-5.6 (data not
shown).

All myrosinase isoenzymes from the four different sources were composed by protein
complexes formed by 8-12 subunits of different molecular weight (Figure 2). These subunits
were present in different proportions depending on the isoenzyme group (I, Il and I11) and the
species considered. The three molecular weight groups (I, Il and I11) were found to be quite
similar when comparing the two Raphanus cultivars, although they differed from the three
groups of B. napus, for which certain protein subunits were absent or present in different
proportion. The only group of isoenzymes in S. alba (1) was found to be different from group
I of the two Raphanus cultivars but was more similar to group I of B. napus.
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Figure 2. SDS-PAGE of myrosinase proteins in seeds of R. sativus cultivars Pegletta and
Siletina (left) and S. alba and B. napus (right). Molecular weight of the standards (Std and
Std’) is indicated on both sides of the figure.

Despite being present in different proportions, bands at molecular weights of 20-25,
45-50 and 65-80 kD were present in all groups of isoenzymes of the species studied. These
protein subunits may correspond to myrosinase isoenzymes, as coded by the gene families
MA, MB and MC (24) along with a number of other associated proteins of molecular weights
ranging from 30 to 100 kD, such as myrosinase binding proteins, myrosinase associated
proteins and epithiospecifier proteins (20, 25-27).

CONCLUSIONS

The different subunit composition of the myrosinase isoenzymes as indicated by SDS-
PAGE along with the different pl profile (data not shown) indicates differences in the
isoenzyme structure both between species but also between cultivars of a single species.
These differences in structure may play a role in the different affinity that the isoenzymes
have for the substrate, as shown by their activity against sinigrin.



The different structures of the isoenzymes could also influence the outcome of the
glucosinolate hydrolysis with different types and quantities of degradation products being
formed depending on the species or cultivar. The relative proportion in which the isoenzymes
are present in different plant parts (2, 28) is also of relevance if we consider the isolation of
myrosinase from different plant tissues or with respect to autolysis processes, such as
biofumigation.

Further investigation of the products formed at different degradation conditions by
native myrosinase isoenzymes of different origin is therefore needed before the use of
concentrates, isolates or extracts from these plants for nutritional, health-benefit and/or plant
protection purposes is implemented.

ACKNOWLEDGEMENTS

The authors acknowledge financial support from the EU-FAIR programme (QLKS5
1999-01442, “ENHANCE”) and the EU programme for student exchange “Socrates-
Erasmus”.

REFERENCES

(1) Sarensen, H. Glucosinolates: Structure — Properties — Function. In Canola and Rapeseed.
Production, Chemistry, Nutrition and Processing Technology. Shahidi, F. Ed. Van Nostrand
Reinhold Publishers, New York. 1990, pp. 149-172.

(2) Bones, A. M.; Rossiter, J. T. The myrosinase-glucosinolate system, its organisation and
biochemistry. Phys. Plant. 1996, 97 (1), 194-208.

(3) Rask, O. L., Andréasson, E.; Ekbom, B.; Eriksson, S.; Pontoppidan, B.; Meijer, J.
Myrosinase: gene family evolution and herbivore defense in Brassicaceae. Plant Mol. Biol.
2000, 42, 93-113.

(4) Bjergegaard, C.; Li, P.W.; Michaelsen, S.; Mgller, P.; Otte, J.; Sgrensen, H.
Glucosinolates and their transformation products - compounds with a broad biological
activity. In Bioactive substances in food of plant origin. Kozlowska, H., Fornal, J.,
Zdunczyk, Z. Eds. Polish Academy of Sciences, Poland. 1994, Vol. 1, pp. 1-15

(5) Chew, F. S. Biological effects of glucosinolates. In Biologically Active Natural Products:
Potential Use in Agriculture. Cutler, H. G. Ed. American Chemical Society, Washington D.
C. 1988, pp. 155-181.

(6) Brown, P. D., Morra, M. J. Control of soil-borne plant pests using glucosinolate-
containing plants. Adv. Agronomy. 1997, 61, 167-231.

(7) Zhang, Y.; Talalay, P., Cho, C-G.; Posner, G. H. A major inducer of anticarcinogenic
protective enzymes from broccoli: isolation and elucidation of structure. PNAS. USA. 1992,
89, 2399-2403.

(8) Olsen, O.; Sgrensen, H. Recent advances in the analysis of glucosinolates. J. Am. Oil
Chem. Soc. 1981, 58, 857-865.

(9) Palmieri, S.; Rollin, P.; Sgrensen, H.; Sgrensen, S. Enzyme technology for a potential
glucosinolate utilization in Agro-Industry. Agro Food Industry High Tech. 1998, 9 (1), 24-27.
(10) Fieldsend, J.; Milford, G. F. J. Changes in glucosinolates during crop development in
single- and double-low genotypes of winter oilseed rape (Brassica napus): I. Production and
distribution in vegetative tissues and developing pods during development and potential role
in the recyclying of sulphur within the crop. Ann. Appl. Biol. 1994, 124, 531-542.

(11) Sang, J. P.; Minchinton, I. R.; Johnstone, P. K.; Truscott, R. J. W. Glucosinolate profiles
in the seed, root and leaf tissue of cabbage, mustard, rapeseed, radish and swede. Can. J.
Plant. Sci. 1984, 64, 77-93.



(12) Bellostas, N.; Sgrensen, J. C., Sgrensen, H. Qualitative and quantitative evaluation of
glucosinolates in cruciferous plants during their life cycles. Agroindustria. 2004, 3 (3), 5-10.
(13) Bagger, C. L.; Sgrensen, H.; Sgrensen, J. C.; Sgrensen, S. Biorefining of oilseed crops as
basis for molecular farming of high quality products. Bulletin-GCIRC. 1998, 15, 96-99.

(14) Michaelsen, S.; Mortensen, K.; Sgrensen, S. Myrosinases in Brassica: Characterization
and Properties. In Proceedings of the GCIRC Congress. Saskatoon, Canada. 1991, Vol. 3, pp.
905.

(15) Saerensen, H.; Sgrensen, S.; Bjergegaard, C.; Michaelsen, S. Chromatography and
capillary electrophoresis in food analysis. P. S. Belton, Series Ed. The Royal Society of
Chemistry, Cambridge, UK. 1999.

(16) Bones, A. M.; Slupphaug, G. Purification, characterization and partial amino acid
sequencing of beta-thioglucosidase from Brassica napus L. J. Plant Phys. 1996, 134, 722-
729.

(17) James D. C.; Rossiter, J. T. Development and characteristics of myrosinase in Brassica
napus during early seedling growth. Phys. Plant. 1991, 82, 163-170.

(18) Lonnerdal, B.; Janson, J. C. Studies on myrosinases. Il. Purification and characterization
of a myrosinase from rapeseed (Brassica napus L.). Biochim. Biophys. Acta. 1973, 315, 421-
429.

(19) Bernardi, R.; Finiguerra, M. G.; Rossi, A. A.; Palmieri, S. Isolation and biochemical
characterization of a basic myrosinase from ripe Crambe abyssinica seeds, highly specific for
epi-progoitrin. J. Agric. Food Chem. 2003, 51, 2737-2744.

(20) Lenman M.; Raédin, J.; Josefsson, L. G.; Rask, L. Immunological characterization of
rapeseed myrosinase. Eur. J. Biochem. 1990, 194, 747-753.

(21) Lazzeri., L.; Curto, G.; Leoni, O.; Dallavalle, E. Effects of glucosinolates and their
enzymatic hydrolysis products via myrosinase on the root-knot nematode Meloidogyne
incognita (Kofoid et White) Chitw. J. Agric. Food Chem. 2004, 52, 6703-6707.

(22) Buskov, S.; Serra, B.; Rosa, E.; Serensen, H.; Sgrensen, J. C. Effects of intact
glucosinolates and products produced from glucosinolates in myrosinase-catalyzed hydrolysis
on the potato cyst nematode (Globodera rostochiensis cv. Woll). J. Agric. Food Chem. 2002,
50, 690-695.

(23) Buchwaldt, L., L. M.; Larsen, A.; Ploger, A.; Sgrensen, H. FPLC isolation and
characterization of plant myrosinase, [-thioglucoside glucohydrolase, isoenzymes. J.
Chromatogr. 1986, 363 (1), 71-80.

(24) Lenman, M.; Falk, A.; Radin, J.; Hoglund, A. S.; Ek, B.; Rask, L. Differential
expression of myrosinase gene families. Plant Phys. 1993, 103, 703-711.

(25) Falk, A.; Taipalensuu, J.; Ek, B.; Lenman, M.; Rask, L. Characterization of rapeseed
myrosinase-binding protein. Planta. 1995, 195, 387-395.

(26) Taipalensuu, J.; Falk, A.; Rask, L. A wound- and methyl jasmonate-inducible transcript
coding for a myrosinase-associated protein with similarities to early nodulin. Plant Phys.
1996, 110, 483-491.

(27) Foo, H. L.; Gronning, L. M.; Goodenough, L.; Bones, A. M.; Danielsen, B. E.; Whiting,
D. A.; Rossiter, J. T. Purification and characterization of epithiospecifier protein from
Brassica napus: enzymic intramolecular sulphur addition within alkenyl thiohydroximates
derived from alkenyl glucosinolate hydrolysis. Febs Letters 2000, 468, 243-246.

(28) MacGibbon, D. B.; Allison, R.M. A method for the separation and detection of plant
glucosinolases (myrosinases). Phytochem. 1970, 9, 541-544.



