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An enzymic method for the assay of D-mannuronan C-5 epimerase activity 
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During investigations on o-mannuronan C-5-epimerase from bacterial and 

algal sources, sensitive methods for assayin g enzyme activity were required. The 
usual method for such assays depends on measurin, e the absorbance of the com- 
plexes formed by uranic acids with a carbazole reagent under conditions where D- 

mannuronic acid residues give a lower absorbance than an equivalent of L-guluronic 

acid residues’. The production of L-guluronic acid by epimerase action on D-mannuro- 

nit acid therefore results in an increase in the absorbance with carbazole’, but the 

procedure is time consuming and the relatively high blank given by the substrate 
alone detracts from the sensitivity of the method. For the reIated gIycuronic acid 

C-S epimerase of mouse microsomal preparations, an assay has been developed which 
is based on the release of tritium into the medium from a (D-[5-3H]glucosyluronic 
acid)-labelled heparin precursor 3_ However, this method requires stocks of a suitable 
3G-labelled nrecursor, which were not available for our enzyme. We wished not only I 
to detect low levels of epimerase activity but also to follow the progress of the reac- 

tion when only small amounts of epimerisation had occurred. 
The r_-g.rluronan lyase from Klebsiella aerogenes” has no action on o-mannu- 

ronan, but readily cleaves r;gulosiduronic acid linkages in r_-guluronan and in the 

regions of alginate where both uranic acids occur in mixed sequence?. Such action 

is readiiy foIlowed by the increase in the absorbance at 235 nm due to the 4,5-un- 

saturated uranic acid produced by the lyase. We have made this the basis of a sensitive 

procedure for detecting C5-epimerase activity. The substrate used for epimerase 
action was the alginate fraction rich in D-mannuronic acid (95%) isolated from 
fruiting bodies of Ascophyihm nodoswn 6_ An epimerase preparation from Azotobacter 

vinelandii’ was incubated with this substrate and, at suitable intervals (OS-4 h), 

aliquots were transferred to a phosphate buffer and the Iyase was then added. At 

zero time and at various times thereafter, the absorbance was measured at 235 nm. 
The absorbance at zero time was deducted from all subsequent readings on that 
aliquot. Fig. 1 shows the changes in absorbance that occurred for several aliquots 
when incubated with Iyase. 
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Fig. 1. Action of r-guluronate lyase on aliquots removed at various times from an epimerase digest 
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Fig. 2. Progress of C-5 epimerase action on D-mannuronan, as assayed by the action of L-guluronate 
lyase. 

it can be seen from Fig_ 1 that, under the conditions used, action of the Iyase 
was complete within 10 min. The increase in absorbance when lyase acted on the 
aliquot removed from the epimerase digest at zero time represents action of the lyase 
on the small amount (5 %) of r_-guluronic acid present initially in the substrate. When 
the increase in absorbance read at 10 min for each aliquot was corrected for this 
initial action and then plotted against the time of incubation with epimerase, the 
curve shown in Fig. 2 was obtained. From this, it is seen that the progress of epimerase 
action can be followed from an early stage of reaction_ For routine work, it is not 
necessary to follow the course of lyase digestion, but to take the absorbance at zero 
time and again at 20 min when all lyase action is complete_ 

For the assay of epimerase activity, a standard incubation time of 0.5 h for 
enzyme and substrate was chosen. After this time, aliquots were removed and treated 
with lyase as above, the increase in absorbance after 20 min being used as a measure 
of epimerase activity. A convenient unit of enzyme activity is defined as the amount 
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of enzyme that causes an increase in absorbance of 0.1 under these digest conditions_ 

Using various amounts of enzyme, it was established that there was a linear relation- 

ship between the increase in absorbance and the amount of enzyme used behveen 

1 and 10 units of activity. 
The assay described above is about ten times more sensitive than the carbazole 

assay and is, therefore, more useful for following the early stages of epimerase action 

in a digest or for measuring low levels of enzyme activity. A possible limitation to the 

use of this method might arise if the epimerase preparation contained high levels of 

endogenous lyases as impurities. Although such lyase action occurring during the 
initial digestion with epimerase would merely result in a high blank (at the start of 

the second digestion), further lyase action durin, Q the second digestion with the 

h’/ebsMa enzyme would give high figures for apparent epimerase activity_ We have 

not yet encountered this problem, as all our epimerase preparations, from either 

bacterial or algal sources, contained negligible lyase activity; where an appreciable 
error might arise, the problem could be overcome by heating the aliquot taken from 

the epimerase digest, to inactivate the lyase before digesting with t)re Klebsiella 

enzyme* and taking a zero reading at the beginning of this second digestion_ 

ESPERIMESTAL 

Sttbstrates awl erqwres. - The lyase from h~bbsieflrr aerogerles type 25 was 

prepared as described previously‘t, and the freeze-dried preparation had an activity 
of 20 units’mg. An alginate fraction rich in D-mannuronic acid was isolated from 

fruiting bodies of Ascop/~~~l(rmz nodosrm6 and analysis of this fraction by p.m.r. 

spectroscopy’ gave a D-mannuronic acid content of 95 y/,_ 
Crude D-mannuronan C-5epimerase was isolated from a culture of Azotobacter 

~ilrek~zdii, strain LC, essentially by the method of Haug and Larsen’. The growth 

medium contained D-ducose (20 g), K,HPO, (1 g). M&SO, - 7 H,O (0.2 g)_ FeSO, l 

7 I-I,0 (0.05 g), N&100, - 2 Hz0 (5 mg), NH,OAc (2.3 g), and O.lmu CaCI, in 
water to i L, The sterile medium was inocuIated with a growing culture of the orga- 
nism and was then shaken at 30” for 30 h. The culture was cooled to O”, and cells 

were removed by centrifuation at 6000,o. Ammonium sulphate was added to 50% 

saturation and, after 16 h at 4’, the precipitate was collected by centrifugation at 
15OOOg_ The precipitate was redissolved in water and dialysed a,oainsf a solution con- 
taining the same concentrations of inorganic constituents as the growth medium, but 

without CaCiI. The solution was then freeze-dried. 

Actiorz of [vase on epimerase-digested D-mamurona~z. - The substrate solution 

contained D-mannuronan (5 mg/mL) in 0.1 %f Tris-HC1 buffer (pH 7.54) containing 
3_4m>r CaCl,. Freeze-dried epimerase was dissolved in water, to give a stock solution 

containing 5 mg/mL. Substrate solution (2 mL) was incubated with epimerase (0.4 

mL) at 30”. At zero time and at intervals up to 4 h, aliquots (0.25 mL) were with- 
drawn and added to 50m.w phosphate buffer (2 mL, pH 7.0) in I-cm U.V. cells main- 

tained at 30”. Lyase solution (5 mg/mL, 0.25 mL) was added and the absorbance 
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was followed at 235 nm in a Unicam SPSOO spectrophotometer. The curves for the 
aliquots removed at various times, corrected for initia1 absorbance, are shown in 
Fig. 1. 

Asmy for epimernse activity. - The substrate, buffers, and lyase solutions were 
as described above. Substrate solution (0.5 mL) and epimerase solution (0.1 mL), 
previously equilibrated at 30”, were mixed and incubated at 30” for 30 min. An 

aliquot (0.25 mL) was then withdrawn and diluted with phosphate buffer (2 mL), 
and lyase solution (0.25 mL) was added. The digests were incubated at 36” for 20 min, 
and the absorbance was then read in a l-cm cell at 235 nm on a Unicam SP500 
spectrophotometer. The blank contained substrate (OS mL) and water (0.1 mL) 
treated in the same way. Epimerase solutions containing 5-25 mg/mL were assayed by 
this procedure, and the results showed a linear relationship between the increase in 
absorbance and the amount of enzyme used. 
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