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Abstract: Natural compounds play an important role in shaping living plant 

responses. The resistance of plants is dependent on the formation and 

production of antimicrobial compounds of secondary metabolites. 

Glucosinolates (GSLs) are the main source of phytoanticipin in Brassicaceae 

and other plant families. The biological activity of glucosinolates are 

dependent on the release of various toxic compounds due to hydrolysis by 

myrosinase, isothiocyanate (ITC) is glucosinolate-breakdown products that 

inhibit the growth of microorganisms. In this review, we aim to understand 

how fungal pathogens overcome the glucosinolate-myrosinase-

isothiocyanate system. The pathogens overwhelm the plant's defense system 

in various ways and disable each component of the system. Many plant 

pathogens may not cause tissue damage or activation of the glucosinolate-

myrosinase-isothiocyanate system, others degrade or transforms the intact 

GSLs to less or non-toxic products, or inhibit the hydrolysis of GSLs 

catalyzed by myrosinase, or formed special mechanisms to detoxify toxic 

GSLs degradation products. 
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1. INTRODUCTION 

Plants are exposed to environmental hazards such as herbivores and pathogens throughout 

their lives. Mechanisms of defense in plants help them to run from exterior attacks [1]. Selection 

pressure exerted by microorganisms and insects shapes the diversity of plant secondary 

metabolites [2]. In a position that is full of stress, plants can remember the situation and keep 

up themselves and their families toward aggressions of the future [3]. 

Natural plant products have an essential function in forming biological interactions [4]. 

Plant secondary metabolites promote communications with a diversity of detrimental and 

beneficial organisms [5]. Chemical defenses include the toxic, antinutritive, antimicrobial, 

antioxidant and anti digestive act of low-molecular-weight (LMW) compounds, such as 

alkaloids, phenolic and terpenoid compounds. The LMW compounds that have negative effects 

on pathogens and are synthesized exclusively during host-pathogen interactions are called 

phytoalexins, as the LMW compounds in plant tissue being are mentioned as phytoanticipins 
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[6]. The term phytoanticipin for glucosinolates and other similar compounds has been offered 

by Van Etten in 1994 to distinguish them from phytoalexins, which are produced after infection 

by pathogens. They have emphasized differences in the production procedure of these groups 

of plant secondary metabolites rather than their chemical structures [7]. 

1.1. In Which Families, Gsl's Are Present? 

Phylogenetic analysis of the based on maximum parsimony sequences reveals two 

separate lineages of plants that produce glucosides. The main clade encompasses the core 

Capparalean families of Caricaceae, Resedaceae, Bataceae, Salvadoraceae, Capparidaceae, 

Gyrostemonaceae, Moringaceae, Limnanthaceae, Pentadiplandraceae, Tovariaceae, 

Koeberliniaceae, Brassicaceae, Akaniaceae, Cleomaceae, Emblingiaceae, Tropaeolaceae and 

Setchellanthaceae , and second lineage consists of the genus Drypetes, placed in Euphorbiaceae 

[8, 9]. 

1.2. Glucosinolates Structural Diversity and Chemistry 

Glucosinolates are β-thioglucoside N-hydroxysulfates (too identified as (Z)-(or cis)-N-

hydroximinosulfate esters or S-glucopyranosyl thiohydroximates), and a side chain (R) with a 

sulfur-linked β-D-glucopyranose moiety [10]. Sidechains of the glucosinolates are represented 

with broad chemical structures. A lot of the glucosinolates including branched or carbon straight 

chains. Most of the compounds comprising hydroxyl, groups of carbonyl, olefins (double 

bonds), or sulfur linkages in states of various oxidation. The greatest single group carries an 

atom of sulfur in different oxidation states [10]. 

Glucosinolates can be classified formed on the structure of several precursors of amino 

acid within three classes: 

(i). Aliphatic glucosinolates constitute about 50% of the known structures [11] and are 

obtained of methionine, isoleucine (AUC, AUU, AUA), leucine (CUG, CUC, CUA, CUU) or 

valine (GUC, GUU, GUG, GUA), 

(ii). Benzyl glucosinolates 10% derived (Figure 1) from phenylalanine (UUU, UUC) or 

tyrosine (UAU, UAC), 

(iii). Indole glucosinolates 10% [11] and are obtained from tryptophan (UGG) [10], 

Indole glucosinolates division products vary from others on the change of the primary made by 

isothiocyanates at neutral or a bit acidic pH resulting in ascorbic acid expends,  oligomeric 

blend and indole-methanols [12]. 

From other amino acids or their biosynthesis origin other 30 % of structures are coming 

[11]. In each main group, a further variation of structural is getting by oxidation, hydroxylation 

or elongation of the side chain [13, 11]. 

 

Figure 1. Classification of the percentage of known glucosinolates [11] 
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1.3. Glucosinolates Structural Diversity and Chemistry 

Glucosinolates attain their main biological activities by myrosinase hydrolysis (EC 

3.2.3.1) and acts of related myrosinase-associated proteins such as epithio nitrile specifier 

protein (ESP), nitrile-specifier protein (NSP) and thiocyanates forming proteins (TFP) [5, 14]. 

Accessibility of presence of myrosinase-interacting proteins, ferrous ions and pH control the 

final mix that consists of epithionitriles, isothiocyanates, nitriles, oxazolidine-2-thiones and 

thiocyanates [15]. 

 

Figure 2. Glucosinolates hydrolysis [16] 

1.4. The Nature of Hydrolysis Products 

After hydrolysis of glucosinolates with myrosinases (Figure 2): At pH 5.0-7.0, 

isothiocyanates forms from an unstable aglucones [16, 17, 18]. Isothiocyanates take form in the 

absence of epithiospecifier protein (ESP) [17]. If the side chain of the glucosinolates is 

hydroxylated at carbon 3, isothiocyanate cyclization leads to the production of variable 

oxazolidine-2-thione [16, 18, 19]. In the presence of ESP, TFP and NSP proteins [20], the 

formation of nitrile has been proved in few states to be favored at down pH, acidic pH 2.0-5.0 

and in the presence of Fe 2+ ions, nitriles are formed [21]. If in the side chain there is a double 

final bond, the atom of sulfur issued as the production of nitrile and caught by the double bond, 

thus forming epithionitriles [22], epithionitriles and nitriles are made by the ESP and TFP 

proteins from alkenyl or alkyl glucosinolates [17]. Some glucosinolates can be hydrolyzed to 

thiocyanates [21]. Thiocyanates are only made of allyl, benzyl, and 4-methyl sulfinyl butyl 

glucosinolates [22]. Thiocyanate forming a TFP protein has been proved to be associated with 

this production [23]. 

1.5. Myrosinase Enzyme 

In Brassicaceae and other 16 families of plant activity of dimeric myrosinase protein is 

available and by a group of iso-enzymes carried out. Enzymes characterized and purified are 

highly glycosylated and varied degrees activation of ascorbic acid [24]. The myrosinases have 

been found in bacteria, fungi and mammalian tissues. Myrosinase enzyme distribution is 

species and organ-specific [25]. The substrate specificity modified with epithiospecifier protein 
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(ESP), myrosinase-binding protein (MBP), a myrosinase-binding protein-related protein 

(MBPRP) and myrosinase associated proteins (MyAP) [25]. 

1.6. Roots Tissue Distribution of The Glucosinolate-Myrosinase-Isothiocyanate System 

The importance of glucosinolates act in plants is responses to environmental or external 

stimulation [8]. Glucosinolates and myrosinase are localized in various cells (Figure 3). 

Glucosinolates and ESP concentrate on various subcellular compartments a nuclear and 

cytoplasmic localize for ESP vacuolar localization. Types of cells are shown in the picture: (E) 

are epidermal cells expressing ESP; cellular colocalization indicates S-cells of ESP and 

glucosinolates; (M) are myrosinase-expressing phloem cells and guard cells; (S) are S-cells 

containing glucosinolates [20]. Cryo-scanning Electron Microscope (SEM) displayed in two 

layers, the cell under the outermost of the roots layer with secondary growth were found that 

have the most concentrations of glucosinolates. The initial tissue Cells had trivial glucosinolate 

rates. Myrosinase was restricted to secondary phloem and inner pericycle. Rhizosphere's 

glucosinolates released to the roots develop laterally. Myrosinase hydrolysis spreads in the root 

peripheral cell layers of the rhizosphere. The greatest role in these plants is the security of big 

roots during the important seed filling phases when roots as pipelines acting for water and 

nutrients [26]. 

 

Figure 3. Left: Cross-section of a Brassica root at initial flowering stages. Numbers indicate 

glucosinolates concentration (mM) [23] Right: glucosinolates and myrosinase localization in 

various cells (C: cortex; En: endodermis; P: phloem; X: xylem; Pi: pith) [20] 

1.7. Overcoming to The Glucosinolate-Myrosinase-Isothiocyanate System 

Various glucosinolates hydrolysis products have different results on many pathogens. 

When glucosinolates are released from plants to the soil, they have important implications for 

the society of the rhizosphere. The predominant species of fungal nearby Brassicaceae 

containing glucosinolates in the soil are various than the predominant species of fungi that are 

found elsewhere and shows enhance endurance to ITC [27]. The first action of pathogens to the 

glucosinolate-myrosinase-isothiocyanate system is preventing exposure of toxic yield. Many 

plant pathogens may not cause tissue damage or activation of the GSL-M-ITC system. The 

MAM1 mutant of Arabidopsis, that has a few amounts of 4-methylsulfinlybutyl GSLs rather 

than the wild-type, is susceptible to Fusarium oxysporium but isn't to other bacterial and fungal 
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species [28]. The release of a series of potentially toxic products upon the hydrolysis of GSLs 

by myrosinase enzyme had led researchers to propose that in the plant the GSL-M-ITC system 

has a nonspecific role as a system of plant defense [29]. The mechanism of ITC's biocidal 

activity against fungal pathogens is not yet known. But, two kinds of toxic effects have been 

noticed: direct and indirect toxic effects. In the direct effect, ITCs communicates with non-

specific and non-reversible proteins (and enzymes) [15]. Therefore, ITCs might easily 

inactivate enzymes [30], and the indirect effect of ITCs on exposed plant cells is GSLs 

hydrolysis products may interfere with plant defense signaling in particular systemic acquired 

resistance [31]. The compartmentalization of myrosinases and glucosinolates in different cells 

and tissues of the plant propose that for fungal pathogens, there are three possible ways to 

dominate the GSL-M-ITC defense system of hosts [32]: 

Firstly, pathogen degrades or transforms intact GSLs to less-toxic or non-toxic products: 

Phoma lingam and Verticillium dahliae can reduce some glucosinolates. The fungus 

degrades or deforms primary glucosinolates to compounds that are less or not at all toxic to 

prevent the production of glucosinolates degradation products by plant myrosinase. To improve 

the attempts of the plant resistance, both avirulent and virulent of P. lingam isolates could 

decline glucosinolates and the ability of glucosinolates to degrading fungal pathogens is an 

essential factor otherwise a determinant in pathogenesis [32]. Arabidopsis with levels of 

original GSLs and CYP79 genes show resistance to disease. GSLs compounds from 

decomposition aromatic GSLs raised to defenses of salicylic acid interfered so long as 

overcoming jasmine acid defense, as shown in improving sensitivity to Alternaria brassicicola 

[33].  The mechanism that used ITCs a specialist Brassica pathogen to cause cell death, exposure 

of the fungus Alternaria brassicicola to ITCs activated mitochondrial membrane 

depolarization, accumulation of intracellular reactive oxygen species (ROS) and reduced 

oxygen consumption rate [34]. 

Secondly, pathogens release during the pathogenesis special products, that inhibit the 

hydrolysis of glucosinolates catalyzed by myrosinase: 

Some species of insects pass myrosinase hydrolysis with accumulating intact 

glucosinolates and veer glucosinolates hydrolysis [35]. Several of these insects use the GSL-

M-ITC system and their myrosinase for their defense [17, 36]. The role of glutathione S-

transferase enzyme (GST) in detoxifying the products of the GSL-M-ITC system in brassicas 

is a possible way for Sclerotinia sclerotiorum to disarm the plant performed defense system 

[37]. A brassica specialist insect, Plutella xylostella, diamondback moth, (Lepidoptera: 

Plutellidae), disarmed GSL-M-ITC system with GSL sulfatase (GSLS). This enzyme highly 

prevents toxic product formation of the GSL-M-ITC system, the enzyme can act on all major 

GSL classes indicating the ability of an insect to use a lot of Brassica plants. GSLS composition 

with host plant myrosinase has been observed for GSL substrate. Myrosinases could not use 

desulfo glucosinolates as a substrate and so GSLS disarms the GSL-M-ITC system within two 

direct and indirect ways, firstly by substrate removing the myrosinases, GSLs and secondly by 

its activity reducing by sulfate release [38]. 

Thirdly, pathogens have formed a special mechanism to detoxify toxic glucosinolates 

degradation products: 

Pieris rapae, specialist lepidopteran, reduce the toxicity of the glucosinolates [39]. Pieris 

uses the enzyme of nitrile specifying protein (NSP) to the nitrile formation instead of 

isothiocyanates. ESP and NSP have related activities, but they do not have consistent sequences 

[40, 41]. Some tritrophic defenses are controlled by NSP interfered production of nitrile [17]. 

Interactions between Brassica and Leptosphaeria maculans, the blackleg fungal agent, can be 

discussed as a passive mechanism of reaction to the GSL-M-ITC system in Brassica plants. 
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One resistance B. napus and one susceptible cultivar B. juncea have been used with the even 

histological diffusion, expression of isoform and enzymes of myrosinase activity and also 

similar levels of GSL to investigate the interactions of L. maculans and the host plants. On 

tissues of plant germination of the pathogen did not change GSL's and suggested that L. 

maculans does not degrade the GSL compounds. GSL-M-ITC system was not activated during 

infection [29, 42]. The pathogen may detoxify the GSLs hydrolysis products or particularly 

ITCs by other methods (the breakdown of antimicrobial volatiles) [42], similar to the 

detoxification of structurally related Brassica phytoalexins by S. sclerotiorum [43]. 

Mechanisms to evade the toxic effects of ITCs. For instance, brassica phytoalexins can be 

converted into less toxic compounds by L. maculans [42]. Pathogens and pests of brassica plants 

would actively react to the GSL-M-ITC system for two types of aims: a) pathological or 

nutritional purposes (Sulfur and nitrogen in glucosinolate reach the nutritional consumption of 

plant cells.), or b) neutralizing (detoxifying) purposes [42, 44]. Different activities determined 

for ITCs. The results obtained from the study explain the ability of Sclerotinia to adapt during 

the invasion of oilseed rape tissues. Despite the release of volatiles from infected leaf tissues, 

the pathogen could easily colonize them. The mechanism by which S. sclerotiorum could adapt 

to the toxicity of ITCs, in particular, is not known. Meanwhile, some hypotheses might be 

consistent with the pathogen reaction behavior [45]. Changes in the fungal cell membrane to 

neutralize ITCs water-oil partition coefficients (a measure of molecular lipophilicity or 

hydrophobicity), thus reducing uptake [46]. Glutathione S-transferases have been related in 

resistance to ITCs in fungi [47] and in Myzus persicae aphid in the adaptation to plant secondary 

metabolites, on feeding, Arabidopsis supply defense by transformed indole glucosinolate to 

other compounds [48, 49]. 

2. CONCLUSION  

In plants living life, it has taken millions of years for glucosinolate-myrosinase-system to 

form. Pathogens reached a level of evolution that recognizes destroying any component of the 

system that can disintegrate and release the poison. This is a very precise and specific tactic, 

each with its way of controlling it. Volatile compounds are one of the earliest methods for 

combating plant hazards.  Glucosinolates as a protector in the outermost part of the plant 

provide an independent defense mechanism that acts against pathogenic infiltration. 

Glucosinolates research enable us to more fully exploit the bio-potential of these compounds in 

medicine and agriculture. The identification of glucosinolates permits the engineering of 

glucosinolates metabolic to increase the practical to the imminent phase.  
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