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Each year, fifty to one hundred people die of bee stings, and countless others suffer the adverse effects of allergic responses such as pain, swelling, or anaphylactic shock. These physiological responses occur in rapid succession and are facilitated by enzymes present in bee venom.  One of the multiple components that initiate these responses is Hyaluronidase (Hya), an enzyme modeled by the DC Everest SMART Team (Students Modeling A Research Topic) using 3D printing technology.

Hya is responsible for the degradation of hyaluronic acid (HA), a frequently occurring glycosaminoglycan in the extracellular matrix connecting protein filaments, collagen fibers, and connective tissue cells. The viscoelastic nature of HA acts as a stabilization mechanism, shock absorber, and lubricant for cells.  In the healthy human body, Hya is important as a regulatory mechanism in HA metabolism.  But as an undesirable compound originating from a bee sting and injected into the body, this enzyme increases the permeability of the extracellular matrix, thus allowing the bee venom’s constituents to infiltrate the space between skin cells and penetrate further into the body. 

Hya derives its ability to destabilize the extracellular matrix by catalyzing an acid/base reaction mechanism where the main catalytic residue (glu113) acts as the proton donor for the nucleophilic base of the substrate, thereby cleaving the glycosidic bond between the sugar residues.   Arg116 and pro224, the positioning residues, are responsible for guiding the substrate into the active site by electrostatic interactions.  Additional positioning residues line the substrate binding groove (asp111, try184, tyr227, and trp301).  

The extracellular matrix is an immense tangle of carbohydrates, fibers, and proteins composed of, among other things, HA.  An otherwise beneficial and necessary compound, Hya “cuts” this net-like mess, creating gaps within one of the body’s lines of defense, and enabling the pervasion of the mixture of toxins that trigger the familiar, unpleasant physiological responses of bee stings.
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Model Description

	Structure
	Color Code
	Color Name

	General Backbone
	[255, 52, 179]
	Maroon

	Beta Pleated Sheets
	[194, 255, 10]
	Olive Drab

	Alpha Helices
	[0, 229, 238]
	Turquoise

	Glu113
	[50, 205, 50]
	Lime Green

	Asp111, Tyr184, Tyr227, Trp301
	[139, 0, 139]
	Magenta

	Val13, Val15, Leu39
	[139, 26, 26]
	Firebrick Red

	Try 55, Trp123, Tyr190, Ser225, Tyr295
	[30, 144, 255]
	Dodger Blue

	GCU or NAG Sugar
	[39, 64, 139]
	Dark Royal Blue

	Disulfide Bonds
	[0, 100, 0]
	Dark Green

	Hydrogen Bonds
	[198, 226, 255]
	Slate Gray

	Struts
	[128, 138, 135]
	Cold Gray
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