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ABSTRACT

Some new results on the characterization of the active site of myrosinase (Myr)
isolated from Sinupis alba with the help of natural and synthetic glucotropaeolins
(GTLs) are reported. Focus is on the enzyme-substrate interactions for
establishing the possible structure of the enzyme binding site(s). This study has
been performed through synthesizing a series of deoxy-glucotropaeolins (6D-
GTL, 4D-GTL, 3D-GTL, 2D-GTL) as modified substrates for studying the
enzymatic activity in comparison to that determined on GTL isolated from
Lepidium sativum seeds. All deoxy-GTLs are worse substrates of myrosinase
than native GTL. Myrosinase activity decreases from 6D-GTL to 2D-GTL
indicating that, in addition 1o the electrostatic interaction of the sulfate group, the
formation of hydrogen bonds between the enzyme and the sugar moiety of GTLs
is the rate limiting step of glucosinolate (GL) enzymatic hydrolysis. On the basis
of these results, the hypothesis of a binding site divided in two pockets
previously suggested seems to be more realistic, although other experiments are
necessary for its verification.

INTRODUCTION

Although the molecular properties of myrosinase (B-thioglucoside glucohydrolase
EC 3.2.3.1) has been studied from more than 40 years, some important aspects of
biochemistry of the myrosinase-glucosinolates (Myr-GLs) system are still not
completely clear. One of these is the relationship between the chemical structure of the
substrates and the enzyme activity and, in particular, the properties of the active site(s)
and the type of interaction(s) which allows the formation of the enzyme-substrate
complex.

Previous studies (Tsuruo and Hata, 1968; Palmieri et al., 1993; lori e al. 1993)
describe the active site of myrosinase to be presumably constituted by two pockets: an
aglycon site and a glycon site. Although the aglycon site appears to be essential to bind
lightly the substrates with a negative charge such as GLs, the role of the glycon site of
myrosinase seems (o be important too, both for selectivity and efficiency of the enzyme.
In fact, there are evidences that both the desulfo-GLs and the GLs devoid of a B-
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pyranosic structure of the sugar moiety do not hydrolyze thorough the myrosinase-
catalyzed reaction (Palmieri ef al., 1993; Iori and Palmieri, 1994).

Therefore, with the aim of bringing a contribution in this field, we have studied
the myrosinase hydrolytic catalysis of a series of synthetic deoxy-GTLs in comparison
to the case of native GTL. This paper is a continuation of previous studies aimed at
characterizing the active site of myrosinase.

EXPERIMENTAL
Glucosinolates

Native GTL was extracted and purified from ripe seeds of Lepidium sativum L.
using the method described by Visentin er al.,(1992), whereas the synthetic GTLs were
modified only in the sugar moiety and produced as reported by Streicher ez al., (1995).

Myrosinase

Myrosinase was cxtracted and purified from ripe seeds of Sinapis alba following
the procedure of Pessina er al., (1990). The activity was determined
spectrophotometrically at 227 nm as reported by Palmieri e al. (1982) but using a little
excess of enzyme to determine, without any doubt, which deoxy-GTLs can hydrolyze.
One myrosinase unit is defined as the amount of the enzyme able to hydrolyze Iumole
of sinigrin/min at pH 6.5 and 37°C. The GTLs concentration was determined using the
molar extinction coefficient of native GTL of 8870 M-lem-! reported by Thies (1988).

GTL Rj=Ry=R3=R4=OH
2D-GTL R leL RZZR:;:R_;:OH
AD-GTL R =0l Ry=H: Ry=R,=OH
AD-GTL R =Ry=OH: Ry=1l: R4=OH
6D-GTL RI:RZ"*R}:OHZ R4:H

Fig.1- Chemical structures of native and synthetic GTLs

From the results of Table I it is evident that all synthetic deoxy-GTLs are worse
substrates for myrosinase than native GTL, thus demonstrating the importance of the
presence of all hydroxyl groups in the sugar moiety. This finding makes realistic the
possible production of a second type of interaction which leads to the hydrogen bonds
formation in the glycon site. This phenomenon, which appears to be essential for the
formation and stability of the enzyme-substrate complex, could take place
simultancously or just after the strong eclectrostatic interaction due to the presence of the
negatively charged sulfate group. This interaction should be created in the micro-
environment of the aglycon site of the enzyme, which presumably contains a high
density of positive charges. In this regard, it is the case to emphasize that the uncharged
desulfo-GLs, which can easily be obtained through the action of sulfatase, are unable to
undergo hydrolysis by myrosinase, although a weak interaction with the glycon site of
the enzyme still seems to be possible. This means that the anionic charge is absolutely
necessary to bind the substrate to myrosinase, independently from the type of charged
anion as shown by our preliminary results obtained with a synthetic phospho-GTL (lori
and Rotllin, 1993; Lazar and Rollin, 1994). In addition, the results of Table T show that
myrosinase activity remarkably decreases from 6D-GTL to 2D-GTL., thus indicating
that the hydroxyl group in position 2 is much more important than the others. This
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finding could be justified if one considers that this position is the closest to the S-
glucose bond, which has to undergo hydrolysis in the enzymatic reaction.

Thereby one can reasonably assume that in this site a stronger interaction than in
the other sites is necessary.

TABLE 1. Comparison of Myrosinase Activity on Native GTL and deoxy-GTLs.

Glucosinolate  [GLs] Myrosinase AmABSmin-lcm!  Relative activity
mM ((8))

GTL 0.34 0.29 746.6 100.0
6D-GTL 0.34 0.29 108.7 14.6
4D-GTL 0.34 0.29 34.4 4.6
3D-GTL 0.34 0.29 16.3 2.2
2D-GTL 0.34 0.29 0.28 0.04

In conclusion, synthetic deoxy-GLs appear to be very useful tools for the
characterization of the active site of myrosinase. In particular, with these compounds,
we confirm the importance of the sugar moiety for substrates in which the hydroxyl
groups are presumably involved in the production of hydrogen bonds in the glycon
binding site of the molecule. On the basis of these results, a special role has to be
ascribed to the hydroxyl in position 2. The latter is the most important, presumably due
to its vicinity to the S-glucose bond, which is hydrolyzed during the myrosinase-
catalyzed reaction.

Finally, it is also important to emphasize the possibility to use 2D-GTL and
other 2D-GLs as possible myrosinase inhibitors both for further biochemical studies and
for biotechnological purposes.

REFERENCES

lori, R., Joseph, B., Rollin, P., Palmieri S. (1993). Enzymatic degradation of some natural and synthetic
glucosinolates. GCIRC Bulletin, 10, 142-146.

Iori, R., Rollin, P. (1993). Unpublished results.

Iori, R., Palmieri, S.(1994). Unpublished results.

Lazar, S., Rollin, P. (1994). Synthesis of an artificial phosphate bio-isostere of glucotropaeolin.
Tetrahedron Letters, 35, 2173-2174.

Palmieri, $., Tori, R., Joseph, B., Rollin, P. (1993). Myrosinase and the hydrolytic degradation of
natural and synthetic glucosinolates. Proceedings Colloque Glucosinolates "10 Années de
Recherche” p. 57-62.

Palmieri, S., Leoni, O., lori, R. (1982). A steady-state kinetic study of myrosinase with direct
ultraviolet spectro-photometric assay. Analytical Biochemistry, 123, 320-324.

Pessina, A., Thomas, R., Palmieri, S., Luisi, P.L. (1990). An improved method for the
purification of myrosinase and its physicochemical characterization. Archives of
Biochemistry and Biophysics, 280, 383-389.

Streicher, H., Latxague, L., Wiemann, T, Rollin, P., Thiem, J. (1995) Synthesis of deoxy derivatives of
glucotropaeolin and glucobrassicin. Carbohydrate Research, in press.

Thies, W. (1988). Isolation of sinigrin and glucotropaeolin from cruciferous seeds. Fat Science
Technology, 8, 311-314.

Tsuruo, 1., Hata, T. (1968). Studies on myrosinase in the mustard seed. IV. Sugars and glycosides as
competitive inhibitors. Agricultural Biological Chemistry, 21, 1420-1424,

Visentin, M., Tava, A., lori, R., Palmieri, S. (1992). Isolation and identification of rrans-4-
methylthio)-3-butenyl glucosinolate from radish roots (Raphanus sativus L.) Journal of
Agricultural and Food Chemistry, 40, 1687-1691.

Acknowledgements. This research was conducted as part of the Project "Resistenze genetiche delle
piante agrarie agli stress biotici ed abiotici” (Sub Project N°17) supported by the Italian Ministry of
Agriculture, Food and Forest Resources.



