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1. Introduction

1In 1934, Karl Meyer and his assistant, John Palmer, described a procedure

for isolating a novel glycosaminoglycan from the vitreous of bovine eyes [1].

They showed that this substance contained an uronic acid and an

aminosugar, but no sulfoesters. In their words: 'we propose, for
convenience, the name "hyaluronic acid", from hyaloid (vitreous) +
uronic acid.' This marked the birth announcement for one of nature's most

versatile and fascinating macromolecules. Today, this macromolecule is most

frequently referred to as 'Hyaluronan', reflecting the fact that it exists in vivo

as a polyanion and not in the protonated acid form.
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2. Chemical Structure

It would take an additional 20 years before Meyer's laboratory finally

completed the work that determined the precise chemical structure of the

basic disaccharide motif that forms hyaluronan [2]. During these years they

showed that the uronic acid and aminosugar in the disaccharide are D-

glucuronic acid and D-N-acetylglucosamine, and that they are linked together

through alternating beta-1,4 and beta-1,3 glycosidic bonds, Fig. 1. Both

sugars are spatially related to glucose which in the beta configuration allows

all of its bulky groups (the hydroxyls, the carboxylate moiety and the

anomeric carbon on the adjacent sugar) to be in sterically favorable

equatorial positions while all of the small hydrogen atoms occupy the less

sterically favorable axial positions. Thus, the structure of the disaccharide

shown in Fig. 1 is energetically very stable.

Fig. 1
Relationship between beta-D-glucose (A) and the repeat disaccharide of
hyaluronan, D-glucuronic acid-beta-1, 3-N-acetylglucosamine-beta-1, 4 (B)
H ; axial hydrogens that contribute to the hydrophobic face
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3. Polymer Structure

Hyaluronan synthase enzymes synthesize large, linear polymers of the

repeating disaccharide structure of hyaluronan by alternate addition of

glucuronic acid and N-acetylglucosamine to the growing chain using their

activated nucleotide sugars (UDP - glucuronic acid and UDP-N-

acetlyglucosamine) as substrates. The number of repeat disaccharides, n, in

a completed hyaluronan molecule can reach 10,000 or more, a molecular

mass of ~4 million daltons (each disaccharide is ~400 daltons). The average

length of a disaccharide is ~1 nm. Thus, a hyaluronan molecule of 10,000

repeats could extend 10 ｵ m if stretched from end to end, a length

approximately equal to the diameter of a human erythrocyte. Fig. 2 shows an

electron micrograph of a few intertwined hyaluronan molecules that have

been deposited on a flat surface and rotary shadowed with heavy metal for

contrast. 

These enzymes and the mechanism of hyaluronan synthesis will be the

subject of later articles in this series.

Fig. 2
The electron micrograph was kindly provided by Dr. Richard Mayne and Dr.
Randolph Brewton, University of Alabama at Birmingham.
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4. Solution Structure

In a physiological solution, the backbone of a hyaluronan molecule is

stiffened by a combination of the chemical structure of the disaccharide,

internal hydrogen bonds, and interactions with solvent. The axial hydrogen

atoms (indicated in Fig. 1B) form a non-polar, relatively hydrophobic face

while the equatorial side chains form a more polar, hydrophilic face, thereby

creating a twisting ribbon structure. Consequently, a hyaluronan molecule

assumes an expanded random coil structure in physiological solutions which

occupies a very large domain, Fig. 3. The actual mass of hyaluronan within

this domain is very low, ~0.1% (wt/vol) or less when the macromolecule is

present at a very dilute concentration in saline. This means that the domains

of individual molecules would overlap each other at concentrations of 1 mg

hyaluronan per ml or higher.

See article 2 by John Scott.

Fig. 3 Model of hyaluronan ribbon in a 3-dimensional domain.
The light blue box represents the domain of the molecule in solution. The
alternating blue and red strand represents the ribbon structure with blue
(hydrophilic) and red (hydrophobic) faces. 
The slice is represented in Fig. 4.
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