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Periodate oxidation of hyaluronic acid 
sc 223o 

Studies by both chemical and enzymic methods have accumulated a body of evidence 
that  supports a structure for hyaluronic acid composed of sequences of 2-acetamido- 
2-deoxy-3-O-[fl-D-glucopyranosyluronic acid]-fl-D-glucopyranosyl units linked to each 
other through position 4 of the D-glucuronic acid residues. The details of these studies 
have been reviewed recently 1, 2. Such a structure skould be open to oxidation of the 
acid residues by periodate but studies of this reaction have been interpreted to indicate 
uronic units linked through position 3 (see refs. 3, 4) or equally through positions 
3 or 4 (see ref. 5). The discrepancy between the results of periodate o.'ddation and 
other studies is untenable. 

In the present studies the preparation of hyaluronic acid from umbilical cords 
iollowed essentially the procedures previously described. These involved digestion 
with papain ~, elimination of protein by Sevag's method, dialysis, and fractional 
precipitation as the cetylpyridinium complex e. The hyaluronic acid, isolated as the 
magnesium salt, showed [a]~3 _ 8 o  ° in water 5 (c 0.23) and hexosamine, hexuronic 
acid, and N-acetyl in the mole ratios i .oo: I.OO: i.o 5. The material gave w:ry viscous 
aqueous solutions and contained no estei sulfate grm~ps. Chromatographic analysis 
on Dowex I × 2 (formate form,) by the procedure of SCHILLER et alY showed only 
hyalurofiic acid. 

The general procedure for the oxidation of magnesium hyaluronate with periodate 
is illustrated by the following particular example. To magnesium hyaluronate (3o4 mg, 
bv hexuronic acid and hexosamine determination) in water (22o ml) at 5 ° was added 
cold o.35 M sodium metaperiodate (25 ml) and the solution diluted to 250 ml. A blank 
solution was similarly prepared and both were kept in the dark at 5 ° . At zero time 
and periodically thereafter, aliquots of the solution were analyzed for periodate con- 
sumptiona, 9. Aliquots (5 ml) were also added to 5 % aq. ethylene glycol (I ml) and 
after about 3o rain a portion (5 ml) of this solution was placed in a well-washed 
dialysis casing. The solution was dialyzed overnight at 5 ° against distilled water and 
then electrodialyzed until free of iodate. The solution was quantitatively washed 
from the dialysis bag into a volumetric flask to which was added NaBH 4 (zo rag). 
The reduction proceeded overnight and the solution was then acidified with glacial 
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acetic acid to decompose the excess borohydride. The final solution, diluted to volume, 
was analyzed for hexuronic acid 1°, ix and hexosaminO 2 as previously described. 

The recovery of hyaluronate from mixtures with sodium iodate by the procedure 
described above was found in several experiments to be quantitative within the 
errors (-4- 3 %) of the colorimetric methods. 

The duplic,~*- results of the periodate oxidation of magnesium hyaluronate are 
summarized in Flb. z. In the early stages of the reaction the consumption of periodate 
followed reasonably closely the rate described previouslyS,5. However, since other 
studiesXS, 14 with similar mucopolysaccharides had shown that  the consumption of 
periodate cannot be interpreted simply, the rate of cleavage of hexuronic acid and 
N-acetylhexosamine in the hyaluronate was followed concomitantly. It  is seen that  
the rate of oxidation of hyaluronic acid is relatively slow but occurs with the de- 
struction of approx. 9 ° % of the hexuronic acid and zo % of the hexosamine residues. 
The earlier workers 3-5 had seemingly interpreted the slow oxidation as "over-oxi- 
dation" and extrapolated a primary rate to zero time. 
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Fig. x. Periodate oxidation of magnesium hyaluronate. ® - - ® ,  consumption of periodate, A - - A ,  
destruction of hexuronic acid; t-q--f-:], destruction of hexosamine. 

The present results support in the main the structure described above for 
hyaluronic acid, as does a recent abstract of some methylation studies xs. However, 
approx, re % of the sugar residues behave differently from that anticipated for the 
proposed structure, which may reflect admixture with some other polysaccharide or 
additional types of linkages, either within a linear molecule or as branch points. The 
preparation of hyaluronate used in these studies was homogeneous by ion-exchange 
chromatography and free of ester sulfate. It is clear that  the finer structural aspects 
of hyaluronic acid still present a challenge. 
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Specific analysis of terminal reducing 91ucosamine and 
glucuronic acid groups 

Hyaluronate hydrolysis by hyaluronate lyases 

Specific microanalytical methods for terminal reducing glucuronic acid and glucos- 
amine are particularly desirable in the study of hyaluronate lyases (EC 4.2.99.1, 
formerly known as hyaluronidase). Such procedures would not only establish the 
nature of the linkage undergoing cleavage but also reveal the extent of participation 
of the ubiquitous enzymes, fl-glucuronidase (EC 3.2.1.31) and acetyl-fl-glucos- 
aminidase. The latter enzymes are capable of further degrading the mucooligo- 
saccharide products of hyaluronate hydrolysis. 

Recently, YOKI AND FISHMAN 1 applied the alkaline hypoiodite oxidation of the 
glucuronyl aldehydic function s to the differential analysis of glucuronate, glucosid- 
uronate and hyaluronate. Such a method would be capable of measuring terminal 
reducing glucuronic acid groups of mucooligosaccharides in relation to the total 
glucuronic acid present. 

In a subsequent attempt to analyze mixtures of glucosamine and hyaluronate, 
hypoiodite oxidation of the glucosaminy! aldehyde was first explored. It was aban- 
doned when success was not realized in reducing the level of contaminating cations 
(introduced to remove iodide ions) to a value which did not interfere with the sub- 
sequently applied color reaction for glucosamine (ELsoN-MO~GANS). 

Oxidation of reducing glucosamine proved to be satisfactory and convenient 
with cupric ions* (pH 9.7) and, fortunately, the excess cupric ions could be removed 
completely by converting them to the highly insoluble cuprous oxide by glucose 

* The o H  of the cupric ion oxidation of the glucosaminyl aldehyde group m u s t  be regulated 
between 9.3 and 9.7,  since above  the la t ter  p H  the  glucosamimdtc hnkages  m hyaluronate  are 
unstable {see also refs. 4 and 5). 

Biochim. Biophys. Acta, 74 (~963) 3o2-3o5 


