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Abstract:
Glucosinolates are the characteristic secondary metabolites of the cruciferae family. Myrosinase is a β
thioglycosidase enzyme, present in the specialized myrosin cells of leaves of Brassica family, which hydrolyse
glucosinolates. The degradation products of glucosinolates are known to have antibacterial, antifungal and anticancer
activities. The present study deals with the assay of sinigrin, a glucosinolate, in Brassica oleracea extract (hot soxhlet
and cold macerated) and activity assay of myrosinase by a spectrophotometric method described by Charron et a,l in
which sinigrin was used as a standard glucosinolate. Further breakdown of glucosinolates into isothiocyanates by
myrosinase was determined by utilizing fresh cabbage extract as an enzyme source. Lastly, insilico studies were
performed using Autodock Suite, version 1.5 6rC2, in which the interactions between ligand (glucosinolates) and
protein (myrosinase) were estimated by Lamarckian genetic algorithm.
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Introduction:
Glucosinolates are sulfur-containing secondary compounds characteristic of the Cruciferae family, containing the
thioglucosidic bond, the sulfate anion, the glucosidic residue, and a side aglycon chain of aliphatic, aromatic, or
heteroaromatic type (1). These are hydrolyzed enzymatically by myrosinase, which is present in the specialized cells
known as myrosin cells (2). The enzyme is released from myrosin cells on cooking or chopping. The degradation
products include isothiocyanates, nitriles thiocyanates, indoles and oxazolidinethiones. Isothiocyanates and indoles
have been reported to have anticarcinogenic properties (3, 4). They block tumour initiation by modulating the
activities of Phase I and Phase II biotransformation enzymes, and forcing tumor cells to opt for apoptosis (3).
Myrosinase (thioglucoside glucohydrolase, EC 3.2.3.1) is a glycopolypeptide containing various thiol groups and
disulfide bridges), and a high percentage of carbohydrate (up to 22.5%), mostly hexoses. The enzyme consists of two
identical subunits with a molecular weight of 71.7 kDa (5). Myrosinase catalyzes the cleavage of the S-glucose bond
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by a acid/base-catalyzed reaction with the release of aglycon and the formation of the glycosyl enzyme intermediate
(6). The myrosinase-glucosinolate system is present in various concentrations in all Brassicaceae leaves. When
activated following tissue damage, it plays a defensive role against plant pests (6). In the present study, firstly the
glucosinolate (sinigrin) was estimated in all the three extract (hot soxhlet, cold macerated). Once the concentration of
sinigrin in extracts was ascertained, then hydrolysis of sinigrin into allyl isothiocyates was measured. This ultimately
related to the activity of myrosinase, which was able to convert sinigrin into allyl isothiocyanate.
Further, myrosinase was docked with three glucosinolates viz; Glucobrassicin, Glucobrassicin 1 sulphonate and
Sinigrin. These in silico studies were performed to detect the exact interaction between myrosinase and
glucosinolates.

Myrosinase

CH2=CH-CH2-N=C=S
AITC

Glucosinolate

Materials and Method:
Brassica oleracea (cabbage) was used as an enzyme source for sinigrin estimation. Soxhlet, cold macerated extract
and fresh cabbage extract were utilized for assaying the myrosinase activity.
Preparation of Cabbage Extract for sinigrin estimation:
Soxhlet Extraction: 8 gm of shade dried cabbage powder was extracted by a Soxhlet apparatus with 80% methanol
(250ml) (2). After extraction, the solvent was evaporated and extracts were preserved at 40C. For phytochemical
screening, extracts were dissolved in distilled
Cold Maceration: 10 gm of powdered cabbage was kept for 3 days on a rotary flask shaker. The supernatant
obtained was utilized for phytochemical screening (2).
Preparation of Fresh cabbage Extract for myrosinase activity:
Fresh Brassica oleraceae was purchased from a local grocer.10% homogenate was prepared in buffer consisting 30
mM phosphate buffer (pH 7) and 1 mM EDTA. The homogenate was centrifuged at 5000 rpm for 10 min.The
supernatant was used as enzyme source (1).
Sinigrin Estimation: A 5ml reaction mixture was prepared containing 50 µl of crude extract, 1.35 ml of 32.22 mM
phosphate buffer with 1.07 mM EDTA and 100 µl of 37.50 mM sinigrin. Different concentrations of sinigrin were
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used to plot the standard curve. Therefore, concentrations of the combined reaction mixture were 30 mM phosphate
buffer, 1 mM EDTA and 2.5 mM sinigrin. The sinigrin content in hot soxhlet extract and cold extract was estimated.
The absorbance was measured at 227nm (7).
Myrosinase Activity Assay:
Myrosinase (EC 3.2.3.1) activity assay was performed by a spectrophotometric method as described by charron et al
(1) and was determined by decrease in absorbance at 227 nm. A 5ml reaction mixture was prepared that contained 50
µl of crude extract, 1.35 ml of 32.22 mM citrate/phosphate buffer with 1.07 mM EDTA and 100 µl of 37.50 mM
sinigrin. Therefore, concentrations of the combined reaction mixture were 30 mM phosphate buffer, 1 mM EDTA
and 2.5 mM sinigrin. A 1.5 ml reference mixture was prepared with distilled water instead of sinigrin (1). The
decrease in absorbance was recorded to calculate myrosinase activity.
Estimation of allyl isothio cyanate:
The total isothiocyanate content of the fresh cabbage hydrolysate was determined by quantification of the
cyclocondensation product between the isothiocyanates and 1,2-benzenedithiol. The cyclocondensation assay relies
on the reaction of the carbon atom of the –N=C=S group of isothiocyanate molecule with thiol groups of 1,2benzenedithiol to form a five membered 1,3-benzodithiole-2-thione and the corresponding amine (8). Briefly, in a 4
mL glass vial, each sample (0.25 mL) was mixed with 0.25 mL of 100 mmol/L potassium phosphate buffer (pH 8.5),
0.5 mL of 10 mmol/L 1,2-benzenedithiol in methanol to form a 1.0 mL reaction mixture (adjusted with water). The
reaction mixture was incubated for 2 hours at 65 °C, and was then cooled to room temperature. The absorbance was
measured at 365 nm. A standard curve was generated from measurements using varying amounts of pure allyl
isothiocyanate to estimate the amount of cyclocondensation products (isothiocyanates) in test samples (8).
In silico studies:
In silico studies were performed using Autodock 4 suite. Docking studies enables to evaluate the interaction between
active site residues of the protein and ligands. The ligand binding efficiency of all the three ligands Glucobrassicin,
Glucobrassicin 1 sulphonate and Sinigrin were tested towards myrosinase. The myrosinase structure was downloaded
from PDB with PDB Id 1E4M (X ray diffraction structure, 1.2 A0). The structure of ligands were downloaded from
Pubchem (chemical structure data base) online portal and drawn in Marvin Sketch version 5.8.1. After docking, the
results were analyzed on the basis of their binding energy and their interactions (9). Docking involves the use of
scoring function to evaluate proper confirmation of ligand molecule with respect to binding energy. Protein and
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ligands were imported, and then the grid was generated on the protein. Grid defines the active site (interaction points)
of the enzyme. The coordinates (X axis, Y axis and Z axis coordinates) were defined for the active site where the
ligand was to be docked. Autodock programme tries different conformations of the ligand in the active site(9).
Preparation of protein and Ligand
The structure of myrosinase was imported in Biovia Discovery Studio 2016 version 16.1.0.15350. The structure of
protein was cleared (i.e. the extra groups which includes water molecules, ligand groups were removed) by deleting
the heteroatoms present in the protein (10). This was saved as a PDB file. All the structure of ligands were
downloaded from Pubchem and drawn in Marvin Sketch view version 5.8.1 and cleaned in 2D and 3D. This cleaned
the 2 dimensional and 3 dimensional structure of the ligand. For docking, the protein structure in the PDB format and
ligands in tripos-Mol format or PDB format were prepared (10).
Grid formation
Grid points generated the coordinates or interaction points where the ligand gets docked. 4 amino acids have been
reported to form the active site of the myrosinase. These are ASN 265, Thr 267, ASP 268 and ALA 362. The grid box
was generated at 60x60x60 A0 to cover all the active site residues, and allowed the flexible rotation of ligands. The
GA (genetic algorithm) and number of generation were set to 10 and 27000. The Lamarckian genetic algorithm was
followed for ligand conformation. These all above parameters decided the different conformation of ligand in which
the ligand will be docked. Other parameters viz; free energy (after docking is complete we get the value of free
energy), rotatable bonds (number of rotatable bonds varies according to the ligand structure), number of torsions (1011) etc were used as default (10).
PDB Structure of Myrosinase: 1E4M

Fig1: x-ray diffraction with resolution of 1.2 Å
Protein structure cleared of heteroatoms using Biovia Discovery Studio version 16.1.0.15350.
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Results:
Sinigrin estimation:

Fig 2: Standard graph of sinigrin.
Different concentratraions of standard sinigrin were used with reaction mixture containing phosphate buffer with
EDTA and hot and cold extract of Brassica oleracea. Concentration of sinigrin in hot soxhlet extract was found to be
250 mg sinigrin/ 100 gm extract and 162 mg sinigrin/100 gm of extract in cold macerated extract. The supernatant
obtained from cold extract was utilized for phytochemical screening and enzyme estimation (2).
Myrosinase activity was estimated by a spectrophotometric method. The same reaction mixture was utilized
(Phosphate buffer with EDTA, sinigrin) and hot, cold and extract fresh cabbage extract was added (1). It was
observed that myrosinase is found to be more active in fresh cabbage extract.
The decrease in absorbance is measured at 227 nm. Myrosinase activity in fresh cabbage extract was found to be
4.09 µmol of sinigrin degraded/min/mg of protein.
The allyl isothiocyanate content of the fresh cabbage was determined by quantification of the cyclocondensation
product between the isothiocyanates and 1,2-benzenedithiol. The reaction mixture consisted of sample, phosphate
buffer and 1,2 benzenedithiol in methanol (8).
The absorbance was read at 365 nm. Allyl Isothiocyanate was found to be 2.5% when 10 % fresh cabbage extract
was used as an enzyme source.
Docking studies provide an insight into the interaction of protein with the ligand, type of interaction, amino acids
involved in the interactions and binding energy.
Binding energy should ideally be negative. More negative the binding energy, better the binding affinity of ligand and
the protein(10).
Table 1 shows the binding energy of different ligands with myrosinase.
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Table a: Represents the Ligand Binding Energy with Myrosinase:
S.No Ligands

Binding Energy

1.

Glucobrassicin

2.

Glucobrassicin 1 Sulphonate -5.36

3.

Sinigrin

-6.14

-4.94

Table b: gives the interaction of ligand with Myrosinase i.e. hydrogen bond, amino acid involved in interaction and
bond length. Three ligands were selected, glucobrassicin, glucobrassicin 1 sulphonate and sinigrin. These three
ligands were selected Since glucobrassicin was found in hot soxhlet and cold macerated extract of Brassica oleracea
and glucobrassicin 1 sulphonate was found in fresh extract of Brassica oleracea(2). Fresh extract was also used for
myrosinase activity. Sinigrin was used as standard for glucosinolates and glucobrassicin, glucobrassicin 1 sulphonate
was found in extracts. So all the three glucosinolates were used as ligands for myrosinase.
Table b: Represents Interaction of Ligand, type of interaction and bond length with myrosinase
S.No Ligand
1

2.

3.

Glucobrassicin

Glucobrassicin 1 Sulphonate

Sinigrin

Interactions Hydrogen Bond in A0
LYS 387

2.097

HIS 365

2.046

ASN 9

1.965

ASN 9

1.852

ASP 266

1.909

ASN 9

1.96

GLU 8

1.921

ASP 266

1.796

PRO 263

1.862

ASN 361

2.012

Myrosinase Interaction with Glucobrassicin: Docking studies with glucobrassicin showed 4 hydrogen bonds with
myrosinase (figure 3). Two hydrogen bonds with ASN 9 (asparagine) (A), one hydrogen bond with His 365
(histidine) (B), one hydrogen bond with lys 387 (lysine) (C).
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Figure I: Myrosinase interaction with Glucobrassicin.

Fig I: Showing Myrosinase interaction with Glucobrassicin (A) 2 H-bond with ASN 9 (B) H-bond with HIS 365
(C) H-bond with LYS 387
Myrosinase Interaction with Glucobrassicin 1 Sulphonate
Glucobrassicin 1 sulphonate docked with myrosinase showed 3 hydrogen bond with myrosinase. One hydrogen bond
with ASN 9 (asparagine) (A), one hydrogen bond with Asp 266 (Aspartate) (B), one hydrogen bond with Glu 8
(glutamate) (C).
Figure II: Showing Myrosinase interaction with Glucobrassicin 1 Sulphonate.

Fig II: Showing Myrosinase interaction with Glucobrassicin 1 Sulphonate (A) H-bond with ASN 9 (B) H-bond
with ASP 266 (C) H-bond with GLU 8.
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Myrosinase Interaction with Sinigrin
Docking studies showed that sinigrin interacts with 3 hydrogen bonds with myrosinase. One hydrogen bond with
ASP 266 (asparagine) (A), one hydrogen bond with PRO 263 (proline) (B). One hydrogen bond with ASN 361 (C)
Figure III: Showing Myrosinase interaction with Sinigrin.

Fig III: Showing Myrosinase interaction with Sinigrin (A) H-bond with ASP 266 (B) H-bond with PRO 263
(C) H-bond with ASN 361.
Discussion:
Glucosinolates are characteristic secondary metabolites of the Cruciferae family. Glucosinolates are hydrolysed by
myrosinase into its products (isothiocyanates and/or nitriles) (2). In the present study, sinigrin was estimated in
cabbage extract (hot soxhlet, cold macerated). The concentration of sinigrin was measured in each of the extract. The
activity of myrorinase was estimated with known concentrations of sinigrin (1). Myrosinase is an enzyme that is
activated by chopping or cooking. It hydrolyzes glucosinolates and converts them into isothiocyanates or/and
nitriles(12). Activity of myrosinase can be calculated in terms of amount of sinigrin hydrolyzed into allyl
isothiocyanate. The hydrolysis product (allyl isothiocyanate) was also estimated for this purpose. Hence, clarity
regarding quantity of glucosinolate converted to allyl isothiocyanate and enzymatic activity of myrosinase can be
deduced. Our findings suggest that 250 mg sinigrin/ 100 gm extract was converted into 2.5% of allyl isothiocyanate
with myrosinase activity of 4.09 µmol of sinigrin degraded/min/mg of protein. This is the myrosinase activity,
which can be used in treatment formulation, as the degradation products of myrosinase have anticancer, antifungal
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and antibacterial activity (11). To harness the potential of Brassica oleracea (cabbage) extracts as anticancer,
antibacterial and antifungal agents, this study gives an idea and insight into formulation development.
Insilico studies with myrosinase corroborate the potency of cabbage as an anticancer, antifungal and antibacterial
agent via various hydrogen interactions of myrosinase with Glucobrassicin, Glucobrassicin 1 sulphonate and sinigrin.
It showed 4 hydogen bonds with Glucobrassicin (LYS 387, HIS 365, 2 H bond ASN 9), 3 hydrogen bond with
Glucobrassicin 1 sulphonate (ASP 266,ASN 9, GLU 8) and 3 hydrogen bond with sinigrin (ASP 266 ,PRO 263, ASN
361). But glucobrassicin has the lowest binding energy, it is the best substrate for myrosinase. For treatment with
glucosinolates, glucobrassicin will be best as it has the lowest binding energy, will combine with myrosinase easily.
Myrosinase is also present in gut microflora, even if myrosinase in cabbage gets inactivated while cooking, the gut
microflora can act on glucosinolates and convert it into isothiocyates and/or nitriles (12).
Conclusion:
The present study demonstrates the amount of glucosinolate, sinigrin in cabbage extract. These compounds exhibit
various properties viz; anticancer, antibacterial and antifungal. The extracts can be used as preventive measure
against cancer after due ADMET testing, invivo and invitro studies. (11). Myrosinase enzyme assay, the enzyme
which converts glucosinolates into active components was performed (13). Lastly the concentration of
isothiocyanates, which is the major degradation product of glucosinolates was estimated. So, to harness the potential
of Brassica oleracea (cabbage) extracts as anticancer, antibacterial and antifungal agents, this study gives an idea and
insight into formulation development.
We can conclude that standard glucosinolate (sinigrin) in hot soxhlet extract 250 mg sinigrin/ 100 gm extract is
converted into 2.5% allyl isothiocyanate with myrosinase activity 4.09 µmol of sinigrin degraded/min/mg of
protein.
Insilico results showed various hydrogen bonds with glucobrassin, gucobrassicin 1 sulphonate and sinigrin. 4
hydogen bonds with Glucobrassicin, 3 hydrogen bond with Glucobrassicin 1 sulphonate and 2 hydrogen bond with
sinigrin. But the lowest binding energy is with Glucobrassicin (-6.14) (14). In conclusion, best interaction of
myrosinase is with glucobrassicin. We had also reported the presence of glucobrassicin in hot soxhlet and cold
macerated extract and glucobrassicin 1 sulphonate in fresh extract of Brassica oleracea by TLC (3). From the 120
types of reported glucosinolates, the best option would be to use glucobrassicin in treatment formulation as it has
highest affinity towards myrosinase, as it easily gets converted into the active compound (11).
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