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BIOLOGICAL PROPERTIES OF HYALURONAN ARE
CONTROLLED AND SEQUESTERED BY TERTIARY
STRUCTURES

Jobn E. Scott! and Frank Heatley2

1Chemical Moxéphology, Manchester University Medical School, Oxford Rd, Manchester M13 9PT
Chemistry Dept. Manchester University, Manchester M13 9PL

ABSTRACT

Hyaluronan (HA) is the characteristic polysaccharide component of vitreous
humor (from which it was first purifiedl), Wharton's jelly and synovial fluid. The
unusual mechanical properties of these gels and viscoeleastic fluids were attributed
non-specifically to interactions between HA molecules, which are stiff in solution
partly because they prefer to take up 2-fold helical secondary structures, stabilised
by H-bonds2 (Fig 1A). HA has since been found in many tissues from many species3.
Probably all animals produce it. Unexpectedly, a new class of specific and potent
biological activities shown by HA fragments (in angiogenesis, inflammation etc)
emerged4'6. Highly polymerised HA does not share these properties. HA is vitally
important during development7. It is a pluripotent material with a simple strucure
(FiglA).

Is there a unifying concept behind this diversity? We suggest that
physiological properties of HA are controlled and sequestered by reversible tertiary
structures®. We introduce an NMR approach which can monitor their formation and
behaviour. Biological properties may thereby be linked to specific chemical aspects of
HA and HA supramolecular organisation.

KEYWORDS

3 Sheets, twofold helices, angiogenesis, hyaluronidase, erythrocyte lysis.

INTRODUCTION

13Cc NMR studies on HA in aqueous solution proved that acetamido and
carboxylate groups were involved in NH-COO- H-bonds, probably in stacked
antiparailel agregates formally similar to 3 sheets as seen in proteins8 (Fig 1B), but
uncommon if not unique in the polysaccharide field. The 13C acetamido C=0 signal
is much broadened (unlike all the other 13C resonances) because rotation of the amide
group is restricted by participation in an H-bond. This broadening can be used as a
reporter of H-bond formation, the first specific spectrometric test so far in this field.

DISCUSSION

It is a necessary consequence of the tertiary structure model that the acetamido
NH is oriented trans-to the C2H of the glucosamine ring, permitting the NH-COO H-
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Figure 1 (A) secondary structure of HA (a tetrasaccharide fragment) as a two-fold
helix with hydrogen bonds (dotted lines).
(B) tertiary structure of HA viewed from the side, showing three HA
molecules in antiparallel array stacked above each other. Arrows to the left
and right point to the reducing ends; cross hatched areas are the hydrophobic
patches; vertical dotted lines delineate sugar units. Square symbols (&) denote
acetamido groups, circles (Q) carboxylate groups. Filled symbols are on the
distal side and open symbois on the proximal side. Vertical arrows indicating
H-bonds from donor NH to acceptor -COO- are in pairs alternately pointing
up and down, linking each HA molecule with both its neighbours in a 3 sheet-
like structure$. Overlapping hydrophobic patches provide additional
stabilisation by hydrophobic bonding.
Four different environments in which the amide group can exist in HA are
labelled I, 11, III and LV. I and II are not H-bonded to carboxylates, [ because
there is no suitably placed carboxylate, and II because the relevant carboxylate
has been converted into a poor receptor for H-bonding e.g.as a methyl esterS.
IIT and IV are H-bonded either in secondary (twofold hehces) or tertiary (3
sheets) structures. Characteristic NMR signatures are associated with each
environment (see refs 8 and 12).
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Biological properties 119

bonds to form between stacked anngarallel polysaccharide chains (Fig.1B). It was
known, using IH NMR to measure JCH- IE-H coupling, that the trans- arrangement
was present in monomers and oligomers< of up to 27 disaccharides!2 which,
however, do not aggregate efficiently to tertiary structures8: We tried to extend these
data to high mol. mass HA, but all signals were broadened, as is usual in high
polymers, and although the NH signal was broader than other peaks in the spectrum
(Fig. 2), as expected if it was intrinsically two peaks with a large value of 3JCH-NH
coupling, a precise value of the coupling constant could not be obtained. The
broadness of this peak is probably also due to lack of rotation of the amide group, as
already shown by 13c NMR8. If the sharpening of the 13¢ acetamido C=0
resonance on warming is secondary to simple rupture of NH>COO H-bonds, the
trans- CH-NH orientation should persist at high temperatures and this is compatible
with the persistent broadening of the NH signal up to ~80 °C (Fig 2).
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Figure 2. Left, 13C NMR resonances of high mol. mass HA acetamido C=0 (174.5
- 175 ppm, amide 1V) at 23 OC (lower trace) and 80 OC (upper trace). The
sharp signal at 173.5 -174ppm is the carboxylate C=0 resonanceS. HA
concentration 10mg/ml in D20 containing 0.14M NaCl. Note the marked
sharpening of the acetamido C=O resonance on warming.

Right,lH NMR resonance of high mol. mass HA NH proton. HA
concentration 2mg/m! in 4:1 HyO/D20 solution containing 0.15M NaCl. The
broad resonance is of similar widih at both 23 ©C {lower trace) and 80 °C
(upper trace).
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