


Tyrosinase Inhibitors: Uncovering Tyrosinase Inhibitors In Vitro for Skin Hyperpigmentation Management
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	Abstract
Tyrosinase has attracted a lot of interest as a potential inhibitor target since it is an enzyme that plays an important role in human melanogenesis as well as in the enzymatic browning of fruits and fungi. Complex chemical and enzymatically catalysed events are involved in melanogenesis, the process that leads to melanin synthesis. The purpose of this research is to find tyrosinase inhibitors in both natural and manmade compounds. Also discussed are the possible medicinal uses of these inhibitors in avoiding fruit enzymatic browning and skin hyperpigmentation, two undesirable results. Synthetic compounds (5d, 5e, 5f, and 5g) were tested for their inhibitory effect on mushroom tyrosinase using a microtiter plate reader. Compounds 5d, 5e, 5f, and 5g exhibited inhibitory effects on tyrosinase activity, and the results showed that the inhibition was concentration dependent. Additional information on the binding sites of these synthetic compounds with the tyrosinase active site was gleaned from molecular docking experiments. The inhibitory effects of compound 5d were highlighted using enzyme activity testing and visual depictions, indicating its potential as a tyrosinase inhibitor. To highlight the inhibitory mechanism, a two-dimensional interaction map was used to demonstrate critical hydrogen bond interactions with certain amino acids. There was a concentration-dependent reduction in tyrosinase activity when compounds 5e, 5f, and 5g were tested. Important hydrogen bond interactions were highlighted in the interaction maps, suggesting that the chemicals may be able to stabilise binding and increase inhibitory effects. Our research adds to the growing body of knowledge on potential new tyrosinase inhibitors for use in skin lightening and antibrowning foods. The research highlights the need of studying the molecular interactions between tyrosinase and synthetic inhibitors in order to create anti-hyperpigmentation medicines that work. To confirm these chemicals' medicinal potential, further study may include in vivo tests and clinical trials.
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1. Introduction 
Because tyrosinase is essential for both human melanogenesis and the enzymatic browning of fruits or fungi, tyrosinase inhibitors have occupied much attention over the last few decades. The term "melanogenesis" refers to the series of events that culminate in the creation of melanin, a kind of dark macromolecular pigment. Chemical and enzymatically catalysed processes work together to produce melanin [3] and [4] have recently updated the biosynthetic route for melanin synthesis in numerous living forms, which was first revealed by [1] and [2]. Tyrosinase catalyses the first stage of tyrosine oxidation to dopaquinone, which initiates melanogenesis. Melanin production is limited by this first step since, at physiological pH values, the rest of the reaction cascade may continue spontaneously [5]. The auto-oxidation process transforms the following dopaquinone into dopa and dopachrome. Tyrosinase may oxidise dopa to dopaquinone, which is another substrate of the enzyme. The final result of the dopachrome synthesis, eumelanin, is generated via a sequence of oxidation reactions involving dihydroxyindole (DHI) and dihydroxyindole-2-carboxylic acid (DHICA). The presence of glutathione or cysteine causes dopaquinone to be transformed to glutathionyldopa or cysteinyldopa, respectively. After that, pheomelanin is created. Allomelanin is the name given to "melanin" that does not include tyrosine but does contain phenolic monomers, such as eumelanin or pheomelanin. In a similar vein to melanogenesis, oxidative polymerization is often associated with the browning process in fungi and fruits. Allomelanin differs primarily in that it is built on various quinoid building blocks rather than dopaquinone-derived motifs, which are the major monomers in its structure. An essential function of melanin is to shield the skin from the sun's damaging ultraviolet (UV) rays. Our phenotypic look is also determined by melanin. While melanin primarily serves as a sun protection factor for human skin, an excess of melanin in certain areas, leading to darker patches, might be considered an aesthetic issue. Furthermore, it is not desired for fresh fruits, drinks, veggies, and mushrooms to undergo enzymatic browning [6]. After harvest, browning happens to many crops, including mushrooms, lowering their market value. Enzymatic browning of fruits and hyperpigmentation of human skin are both undesirable outcomes. These findings have prompted scientists to look for novel, highly effective tyrosinase inhibitors for application in food antibrowning and skin lightening products. While previous reviews have addressed certain tyrosinase inhibitors [7-9], this article provides a summary of recently identified tyrosinase inhibitors derived from both natural and synthetic sources. Conversely, there has been tremendous advancement in our understanding of melanocyte biology and the mechanisms behind melanin formation in recent years, which has led to new opportunities in the pharmacologic treatment of skin hyperpigmentation. There are various ways to treat hyperpigmentation, such as blocking tyrosinase catalytic activity, tyrosinase mRNA transcription, tyrosinase glycosylation, maturation, degradation, transfer, and inflammation-induced melanogenic response, skin turnover, and interference with melanosome maturation and transfer. In light of this, several studies have thoroughly examined a plethora of depigmenting or whitening chemicals created using these different methods [10–16]. Therefore, these directed methods for treating hyperpigmentation are not included in this study.

2. Materials and Methods 
According to earlier reports, we used a microtiter plate reader to detect the inhibitory activity of the mushroom tyrosinase enzyme at 492 nm [18]. Enzyme activity test reaction medium (250 mL) included 100 mL of various chemical concentrations in addition to 0.5 mM L-DOPA in 50 mM phosphate buffer (PH 6.8). The reaction was carried out for 7 minutes at a temperature of 37 °C. The chemicals were diluted to the appropriate concentration after dissolving in 1 mg/mL DMSO. Every time, we ran the controls without inhibitors but with DMSO in the reaction medium. The IC50 values, which represent the doses at which an inhibitory effect on tyrosinase activity was seen, were used to express the compounds' inhibitory effects. A molecular docking investigation was conducted using the Molegro Virtual Docker programme to try to understand the likely binding positions of the synthetic chemicals with the tyrosinase active site [19]. Access to the X-ray crystal structure of tropolone-cocrystallized tyrosinase from Agaricus bisporus (2Y9X)[17] was made possible via the RCSB Protein Data Bank. The MarvinSketch programme was used to build the 3D models of compounds 5d, 5f, 5e, and 5g. After importing the protein into Molegro Virtual Docker, the crystal structure was water-extracted and optimised to fill in any amino acid gaps in preparation for docking.  By calculating all of the coordinates to tropolone, the binding site for tiny compounds might be characterised. For each molecule, ten docking experiments were run. Then, the conformations that scored the highest were chosen to investigate the interaction details in the Discovery Studio 2021 Client.

3. Results and Discussion 
The symbols used in this study and the findings for these samples are shown in Table 1.

Table 1 Discloses the signals used and the outcomes of the sample
	Compounds
	Results µM

	5d
	76.170

	5e
	36.290

	5f
	203.867

	5g
	36.674



In theory, 5d may be utilised to treat pathological disorders like skin hyperpigmentation that are associated with tyrosinase enzyme activity, as it has been shown to inhibit tyrosinase enzyme activity. Visualising the relationship between enzyme activity % and 5d concentration, Figure 1 provides a thorough explanation of the activity. The graph clearly shows that the enzyme tyrosinase's activity diminishes as the amount of 5d rises. Figure 2 shows a two-dimensional interaction map that shows the particular interactions of 5d with the amino acids of the enzyme. Amino acids MET 257 all played important roles in hydrogen bond interactions, which are essential for binding. These interactions stabilise the binding and enhance the inhibitory effects. Also, when you see red separation contacts, it means that water molecules have left the enzyme's active site. The enzyme undergoes a conformational shift and subsequently ceases to catalyse processes. For that reason, 5d inhibits tyrosinase activity.


Figure 1 Minimise 5d tyrosinase enzyme activity
[image: ]
Figure 2 The tyrosinase enzyme and the 5d molecule's two-dimensional structures

In theory, 5e may be utilised to treat pathological disorders like skin hyperpigmentation that are associated with tyrosinase enzyme activity, as it has been shown to inhibit tyrosinase enzyme activity. Visualising the relationship between enzyme activity % and 5e concentration, Figure 3 provides a thorough explanation of the activity. The graph clearly shows that the enzyme tyrosinase's activity diminishes as the amount of 5e rises. Figure 4 shows a two-dimensional interaction map that shows the particular interactions of 5e with the amino acids of the enzyme. Amino acids ARG 268, HIS 85 and GLU 322 all played important roles in hydrogen bond interactions, which are essential for binding. These interactions stabilise the binding and enhance the inhibitory effects. Also, when you see red separation contacts, it means that water molecules have left the enzyme's active site. The enzyme undergoes a conformational shift and subsequently ceases to catalyse processes. For that reason, 5e inhibits tyrosinase activity.


Figure 3 Minimise 5e tyrosinase enzyme activity
[image: ]
Figure 4 The tyrosinase enzyme and the 5e molecule's two-dimensional structures

In theory, 5f may be utilised to treat pathological disorders like skin hyperpigmentation that are associated with tyrosinase enzyme activity, as it has been shown to inhibit tyrosinase enzyme activity. Visualising the relationship between enzyme activity % and 5f concentration, Figure 5 provides a thorough explanation of the activity. The graph clearly shows that the enzyme tyrosinase's activity diminishes as the amount of 5f rises. Figure 6 shows a two-dimensional interaction map that shows the particular interactions of 5f with the amino acids of the enzyme. Amino acids ARG 268 all played important roles in hydrogen bond interactions, which are essential for binding. These interactions stabilise the binding and enhance the inhibitory effects. Also, when you see red separation contacts, it means that water molecules have left the enzyme's active site. The enzyme undergoes a conformational shift and subsequently ceases to catalyse processes. For that reason, 5f inhibits tyrosinase activity.


Figure 5 Minimise 5f tyrosinase enzyme activity
[image: ]
Figure 6 The tyrosinase enzyme and the 5f molecule's two-dimensional structures

[bookmark: _GoBack]In theory, 5g may be utilised to treat pathological disorders like skin hyperpigmentation that are associated with tyrosinase enzyme activity, as it has been shown to inhibit tyrosinase enzyme activity. Visualising the relationship between enzyme activity % and 5g concentration, Figure 7 provides a thorough explanation of the activity. The graph clearly shows that the enzyme tyrosinase's activity diminishes as the amount of 5g rises. Figure 8 shows a two-dimensional interaction map that shows the particular interactions of 5g with the amino acids of the enzyme. Amino acids ARG 268 all played important roles in hydrogen bond interactions, which are essential for binding. These interactions stabilise the binding and enhance the inhibitory effects. Also, when you see red separation contacts, it means that water molecules have left the enzyme's active site. The enzyme undergoes a conformational shift and subsequently ceases to catalyse processes. For that reason, 5g inhibits tyrosinase activity.


Figure 7 Minimise 5g tyrosinase enzyme activity
[image: ]
Figure 8 The tyrosinase enzyme and the 5g molecule's two-dimensional structures


4. Conclusion

Pursuing remedies for skin hyperpigmentation and fruit browning has found tyrosinase, an enzymatic browning enzyme and essential enzyme in melanin formation, to be an enthralling target. This research investigated the possibility of four synthetic chemicals (5d, 5e, 5f, and 5g) acting as tyrosinase inhibitors; the findings showed promise for use in food and cosmetics. The potential effectiveness of these four compounds as tyrosinase inhibitors was suggested by their concentration-dependent suppression of activity. To further understand where these chemicals attach to the active site of tyrosinase, molecular docking studies were conducted. Enzyme activity assays and visual renderings indicated compound 5d's powerful inhibitory effects. Its significant inhibitory activity may be based on the hydrogen bond interactions shown by a two-dimensional interaction map with certain amino acids. Even though it was less pronounced than in 5d, compounds 5e, 5f, and 5g showed tyrosinase inhibition. Hydrogen bond interactions were highlighted in their interaction maps as a possible optimisation target for improved inhibition. Potential tyrosinase inhibitors for skin whitening and antibrowning uses have been greatly enhanced by this study. The results highlight the need for further research into the molecular interactions between tyrosinase and synthetic inhibitors in order to develop more efficient therapies for hyperpigmentation. These findings hold great promise, but to confirm the chemicals' medical potential and guarantee their safety and effectiveness, more study is essential. This research should include in vivo tests and clinical trials. This work opens up new possibilities for the creation of tyrosinase inhibitors, which might lead to better skin whitening products and ways to reduce food browning caused by enzymes.
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0	13.303533418475945	26.607066836951891	66.517667092379725	106.42826734780756	159.64240102171135	100	90	75	52	36	25	[5d] µM
% Activity

0	10.11940902651285	20.2388180530257	50.597045132564261	80.955272212102798	121.43290831815422	100	80	61	33	20	11	[5e] µM
% Activity


0	14.936591183109467	29.873182366218934	74.682955915547325	119.49272946487574	179.23909419731359	100	95	86	76	66	56	[4f] µM
% Activity

0	10.965850149464536	21.931700298929073	54.829250747322682	87.726801195716291	131.59020179357444	100	80	60	33	18	9	[4g] µM 
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