Carbohydrates III 

Last time we finished discussing storage and some structural polysaccharides, namely cellulose and chitin. Today we will finish with polysaccharides with a discussion of glucosaminoglycans, cell wall polysaccharides, glycoproteins, and glycopeptides. 

Glucosaminoglycans 

The space between cells, commonly referred to as extracellular fluid, is packed with proteins (collagen) and heteropolysaccharides. These polysaccharides, known as the glucosaminoglycans, form a gel-like matrix in which proteins are embedded, and through which water, oxygen, and solutes have to go through to get to the cells. 

The main component of the extracellular matrix is hyaluronic acid, which is an un-branched (linear) heteropolysaccharide composed of repeating disaccharide blocks of D-glucuronate and N-acetyl-D-glucosamine linked through 1T3 glycosidic bonds in  configuration. The repeating disaccharides are linked by 1T4 linkages in  configuration also: 
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If you recall cellulose, the configuration gave the linear polymer a stretched conformation. Strands of hyaluronic acid, which vary in length from 250 to 25,000 disaccharide units, are packed together, and the negative charges from the glucoronic acid monomers force them to be even more straightened out. Furthermore, the charged strands get heavily solvated with water, which interacts strongly with the negative charges. Thus, a hyluronic acid fiber has so much water associated with it that it weighs ~ 1000 times more than what it should. 

This gives hyluronic acid solutions remarkable viscocity and tensil properties. When no pressure is applied to the solution, it is higly viscous and rigid. If pressure is applied, the water is squeezed out, and the strands move pass each other. Thus, hyaluronic acid solutions behave as biological shock absorbers in the connective tissue. 

There are several other glucosaminoglycans forming part of the extracellular matrix in less concentration. Among them, we find chondroitin-4-sulfate, chondroitin-6-sulfate, dertmatan sulfate, and keratan sulfate: 
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The repeating disaccharide units are formed by different monosaccharides in these, including galactose, iduronate (from idose), mannose, fucose, etc., and they have different derivatizations, like oxidized alcohols (carboxylic acids), sulfate groups, amines, and amides. 

All this stuff, in part, is what goes bad when your joints start acting up with old age. All this heterpolysaccharides are present in the connective tissue, tendons, and cartilage, and it is what makes the joints the way they are - Soft but strong. 

There is another important glucosaminoglycan, heparin, which is also a repeating disaccharide, but as opposed to all the other glucosaminoglycans we discussed, has an  glycosidic bond: 
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It does not form part of the connective tissue, but it prevents blood clot formation in blood capilaries, and it is used for the treatment of postsurgical patients. 

Proteoglycan 

Glucosaminoglycans and proteins in the extracellular matrix are associated through covalent and non-covalent interactions to form large supramolecular complexes, known as proteoglycan. They look like bottle-brushes, all attached to a central chain, made of hyaluronic acid. To a long strand of hyaluronic acid, several proteins, called core proteins, attach non-covalently. From these core proteins, which come out of the hyaluronic acid strand, several other glucosaminoglycans are linked covalently forming glycosidic bonds, but instead of being linked through oxygen, they are N-linked to the amide nitrogen of aspargine residues. 
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As was the case of single strands of glucosaminoglycans, proteoglycans have a lot of negative charges exposed to solvent, and therefore a huge hydration shell. This supramolecular complexes therefore carry a lot of water, and have the same physical properties described above. Their viscosity changes with the shear tension, making them good padding for joints (cartilage). 

Glycoproteins, and glycolipids 

Finally, we have all the other polysaccharides, which are those associated covalently with proteins and lipids. We have seen this briefly when we discussed membranes and membranes proteins, and we will now focus on the polysaccharide part a bit more. 

Cell wall polysaccharides 

The rigid wall that surrounds bacterial cells is an heteropolysaccharide composed of N-acetyl-D-glucosamine and N-acetyl-D-muramic acid, which alterante and are linked by  1T4 glycosidic linkages. Again, since they have  glycosidic bonds, they will form strands similar to those of cellulose: 
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However, every on every muramic acid residue, the strands of cell wall polysaccharide are cross-linked by short segments of peptide, which change depending on the specie of the bacteria. These small connecting peptide chunks are themselves linked to long strands of poly-glycine, that hold everything together in a tight mesh, called peptidoglycan: 

[image: image6.png]oH oH

-
o L
CHy CHy

N-Agety-murarmic acic from anoiher stand- - - (GYs— |

(@l - - N-Acetyrmurarmic acid fom ancther strand




Although not as rigid as the cell wall of cell plants, the cell wall of bacteria makes them rigid enough that they can live in hypotonic conditions: That means, they can be in environments in which they salt concentration in the extracellular fluid is far less than the concentration of salt in the cytosol. Furthermore, the peptidoglycan of bacteria is what makes them virulent to us. When our immune systems sees this, we develop the symptoms of diasease. Thus, even if we inject someone with just the peptidoglycan of a certain bacteria, our immune system will trigger the development of the symptoms characteristic of the disease associated with the bug from which we got the peptidoglycan. 

The peptidoglycan wall is one of the reasons why bugs are so tough to kill - Nothing gets thorugh the peptidoglycan cell wall. Proteases won't do it, because they cannot figure out the D-amino acids or the unnatural amino acids. There are two things that fight this. One is lyzosyme, which cleaves the  1T4 bond between N-acetyl-Dglucosamine and N-acetyl-D-muramic acid. We have lyzosyme in the tear fluid. Another one is penicillin, but this one prevents the bacteria from synthetizing peptidoglycan, and therefore the bacteria is bare and killed rapidly. 

Glycoproteins and glycolipids 

The last types of polysaccharides we will discuss are those covalently attached to proteins and lipids (although peptidoglycans have peptide parts, they are composed of mixtures of D- and L-amino acids, and lame poly-glycine). We had mentioned these molecules when we saw membranes and membrane proteins. 

Many proteins have oligosaccharides covalently attached to them. Depending on the protein, the amounts of oligosaccharide can vary from <1% to >90% of the protein's weight. The whole picture of why oligosaccharides are attached to proteins is not fully known, but some functions are understood: 

- Since the sugars will put some structural bulk to certain regions of the polypeptide chain, glycosidation may prevent proteins from folding into certain conformation (tertiary folds), and may promote folding into tertiary structures that otherwise would not be looked for by the protein. 

- The polar characteristics of glycosides will affect the solubility in water of proteins, making them more likelly to exist as functional complexes in solution. 

- The bulk and polarity of the glycosidic part of the glycoconjugates may also preculde the action of proteases, because they will not be able to reach the peptide bond they are supposed to cleave.
These are all structural consecuences of having oligosaccharides covalently attached to the protein. There are more specific functions of the glycosides also, which we have discussed last time: The number of messages we can encode using a variety of monosaccharides, together with the possible glycosidic bonds the sugar can have, their flexibility, and relative ease with which the 'message' can be changed, make oligosaccharide excellent for encoding different types of signals. 

These signals can be read by receptors, immunoglobulins, other proteins, and can encode for things as varied as 'I'm not from around here' to 'My final destination is the outter cell wall', to 'I'm getting old and need to be replaced'. 

Structurally, we will find two types of glycosidic linkages in glycoproteins, O-linkages and N-linkages. O-linked oligosaccharides are to serine and threonine, and they almost invariably involve a N-acetyl-D-galactosamine as the first residue with an  glycosidic bond to the amino acid residue: 
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In N-linked proteins, the glycosidic bond is to the amide nitrogen of aspargine, and it almost invariably involves an N-acetyl-D-glucosamine residue in  configuration: 
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To these monosaccharides, several other saccharides link through glycosidic bonds: 
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The number of residues in the glycoside portion will vary, according to what we want it to do. Many of the membrane proteins are glycoproteins, and in these cases, the glycoside will almost invariably be on the outer membrane, poking into the extracellular fluids. 

Finally, many lipids have covalent linkages with oligosaccharides. One case that we saw before are gangliosides and cerebrosides, which were glycosilated derivatives of sphingophospholipids: 

[image: image10.png]oH

Glucose
Glucosyceretrosie

Olignsaccharices
(with silic acic)
Gangicsices




Glycolipids are always in a way that will put the sugars toward the outer membrane, so that they point towards the extracellular fluid. Therefore, they are one of the first targets for the recognition by immunoglobulines, which determine if the cell is friend or foe, and will then trigger the appropriate immune response.
