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ABSTRACT 

Isoamylase has been prepared by affinity chromatography of a commercial 
enzyme-preparation from a strain of Cytophaga (also known as a FZavobacterium or 
Polyangium). The enzyme was not very stable, but the stability could be improved by 
calcium ions. The enzyme had a very low but sign&ant activity on pullulan and on 
alpha-dextrins having maltosyl side-chains. This observation, which is contrary to 
previous reports, has been related to the specificity of isoamylase and other bacterial 
debranching-enzymes. 

INTRODUCTION 

Debranching enzymes, which hydrolyse the (l-6)-cr-D-glucosidic inter-chain 
linkages in certain branched E-D-glucans, are extremely useful for the detailed structu- 
ral analysis of amylopectins and glycogens, and of various dextrins derived from these 
polysaccharides. In particular, pullulanase from Aerobacter aerogenes has been 
widely used for the analysis of amylopectins ‘--$_ However, the action of this enzyme 
on glycogens is variable. Some samples, for example, rabbit-liver glycogen and its 
beta-limit dextrin, are hydrolysed to a limited extent’, whereas other samples, for 
example, human-liver glycogen, are apparently resistant to enzyme action6. Hence, 
the value of pullulanase in structural studies of glycogens appears to be limited. 

In 1970, an extracellular debranching-enzyme from a commercial Cytophaga 
preparation was reported to hydrolyse all of the inter-chain linkages in both amylo- 
pectin and glycogen ‘. This enzymic activity, termed isoamylase, apparently had no 
action on pullulan. Isoamylase has been used to determine the average chaiu-length 
of glycogens”’ and to examine the distribution of chain lengths’. It should be noted 
that although the organism (NC.1.B. 9497) was originally described as a Cytophaga’, 
and then as FZavobacterium”, more-recent work indicates” that it may be a poly- 

a&urn sp. The term “bacterial isoamylase” will therefore be used, wherever possible. 

*Studies on Debranching Enzymes: Part VII. For Part VI, see Ref. 1. 
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Moreover, the commercial enzyme-preparation is a mixture of various enzymes, 
including B-D-glucanasesl’ and proteolytic enzymes. 

Although the action of the- bacterial isoamylase on glycogen was complete, 
it was unable to debranch glycogen beta-limit dextrin completely. This was due to 
the apparent inability of the enzyme to hydrolyse inter-chain linkages attaching side- 
chains of two D-glucosyl residues to the polysaccharides, whereas side-chains of three 
D-glucosyl residues were readily released to give maltotriose’. This property forms the 
basis of an enzymic method for determining the ratio of A-chains to B-chains* in 
glycogens and amylopectins . l4 This ratio is an important parameter to be considered 
in relation to the overall molecular structure of the polysaccharides, i.e., in deciding 
between Haworth-, Staudinger-, and Meyer-type structures3. 

Although the bacterial isoamylase has been widely used396s7*gs14, full details 
of its purification and properties have not been published. In the original work’, the 
commercial enzyme-preparation was extracted with 1OOmM sodium acetate buffer 
(pH 5.5), and the centrifuged extract used either directly, or after DEAE-cellulose 
chromatography at pH 8.0, which gave a lo-fold purification. By a combination of 
ion-exchange chromatography and molecular-sieve chromatography on polyacryl- 
amide gel, a lOO-fold purification has been reported, but in abstract form only”. 
We now describe a purification of the bacterial isoamylase based on affinity chromato- 
graphy, which was an essential preliminary to our studies of the structural analysis 
of amylopectin and glycogen using this enzyme. 

MA1XRIAL.S AND METHODS 

Substrates. - Amylopectin (waxy-maize starch), amylopectin beta-limit 
dextria, rat-liver glycogen, rat-liver glycogen beta-limit dextrin, and pullulan were 
laboratory samples, prepared by standard methods. Branched oligosaccharides were 
prepared by the salivary alpha-amylolysis of amylopectin, followed by preparative 
paper chromatography on Whatman No. 17 paper with I-propanol-ethyl acetate- 
wa:er (14 : 2 : 7), as described previously’ 6. . 

Chromatographic supports. - DEAE-Cellulose (DE 52) was supplied by W. and 
R. Balston Ltd. (Maidstone, England), ConA-Sepharose 4B by Pharmacia (Great 
Britain) Ltd. (London), and Biogel P-60 by Bio-Rad Laboratories Ltd. (Watford, 
England). All supports were prepared for use as recommended by the manufacturers. 

Analytical methods. - Descending paper chromatography was performed with 
the solvent system described above. The papers were developed for 18-24 h, and the 
sugars detected with a silver nitrate reagent l’. Reducing sugars were determined by 
a modified Nelson-Somogyi reagent l8 scaled down to halfthe recommended voIumes, 

absorbances being measured at 600 nm. Total carbohydrate was determined by the 
phenol-sulphuric acid method’ ‘. Protein was estimated by the IUiller2’ modification 

*An A-chain is attached to the macromolecule by a single linkage from its potential reducing-group, 
whereas B-chains are linked to two or more other chai~&~. 
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of the procedure of Lowry et al. . ” Iodine staining of portions of enzyme digests 
(0.1 ml) was performed by the addition of 5 ml of iodine reagent (0.02% iodine and 
0.2 % potassium iodide in 0.01~ sulphuric acid), the spectrum of the polysaccharide- 
iodine complex being recorded against an iodine-water control, using a Unicam 
SP800 spectrophotometer. 

Assayfir isoamylase activity. - The method of Gunja-Smith et ai.’ was used, 
in which suitably diluted, enzyme solution (0.05 ml) w 1s incubated with glycogen 
(5 mg/ml) in 1OOmM sodium acetate buffer (pH 5.5) at 37” for 20 min. The reducing 
power of the digest, and of substrate and enzyme controls, was determined by the 
modified Nelson-Somogyi procedure. One unit of isoamylase activity is defined’ as 
the amount of enzyme that releases lpmol glucose equivalent per min. 

When isoamylase digests were to be incubated for several hours, toluene and 
20mM calcium chloride were aiso present (see Results). 

Purification of isoamylase. - All operations were performed at 0-5O, the 
apparatus being cooled before use, and column fractionations were performed in a 
cold room at O-2”. 

The original work’ was carried out on a Lytic enzyme-preparation Ll produced 
by a Cytophaga, and purchased from British Drug. Houses Ltd. (Poole, England). 
The present work was carried out on another batch of Ll, kindly provided by Glaxo 
Research Ltd. (Stoke Poges, England), but produced by a different strain of the 
organism. 

The freeze-dried culture filtrate was suspended in 10 ml of 1OmM Tris-hydro- 
chloric acid buffer pH 8.0 (concentration 50 mg/ml) and centrifuged at !,5OOg, and 
insoluble material was discarded. The supernatant solution was applied to a column 
(6 x 2 cm) of DEAF-cellulose previously equilibrated with the same buffer, and 
eluted from the column with buffer. Appropriate fractions were combined and con- 
centrated to N 5 ml by using an Amicon ultrafiltration-cell (Amicon Corp., Lexington, 
Mass., U.S.A.) fitted with a PM-10 membrane. 

The affinity-chromatography procedure was based on the affmity of glycogen 
for concanavalin A, and the affinity of isoamylase for glycogen. The column was 
prepared by saturating a column (30 x 1.5 cm) of ConA-Sepharose with glycogen, 
by applying a 2% solution (3 ml) of glycogen in 250mM sodium acetate (pH 5.5) 
and eluting with this buffer. The concentrated solution of isoamylase was then applied 
to the column, and eluted with the same buffer. Under these conditions, the isoamylase 
was initially bound to the glycogen, which was then degraded, releasing malto- 
saccharides which no longer had a strong affinity for the ConA-Sepharose. Once the 
glycogen was substantially degraded, the isoamylase was eluted from the column. A 
typical elution profile is shown in Fig. 1. The point of elution of the enzyme was 
dependent on the flow rate, the ratio of glycogen to enzyme, and the temperature. 
In the absence of glycogen, the isoamylase was not bound to the column. 

The fractions containing isoamylase activity were combined, concentrated 
to l-2 ml, and applied to a column (40 x 1.5 cm) of Biogel P-60 which had been 
equilibrated with 1OOmh.r sodium acetate buffer (pH 5.5). The column was then 
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Elution volume (ml) 

Fig. 1. Elution profile of isoamylase from a glycogen-ConA-Sepharose column: ---, protein 
(absorbance a: 280 nm); -, carbohydrate (phenol-sulphuric acid reagent); . . . ., isoamylase activity. 

eluted with the same buffer. This procedure removed any maltosaccharides which 
had been introduced during the affinity procedure. Appropriate column fractions 
were combined and concentrated to 2-3 ml. The final enzyme solution had a specific 

activity of -80 units per mg of protein, representing -2O-fold purification, with a 
yield of -20 %. 

The isoamylase preparation was free from alpha-amylase, beta-amylase, and 
cr_D-glucosidase activities, since, on prolonged incubation (up to 48 h) with either 
maltopentaose or maltoheptaose, there was no change in the maltosaccharide (paper 
chromatography), or in the reducing power of the digest. 

RESULTS 

Properties of the enzyme. - (a) pN Optimum. The enzyme was incubated with 
glycogen in the presence of 8Om~ acetate buffer (pH 3-6) or 8Om phosphate buffer 
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Fig. 2. Effect of temperature on the stability of isoamylase in the abseixe of substrate. 
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(pH 5-S). Maximum activity occurred over a relatively broad range, the optimum 
being between pH 5-6. 

(b) Temperature optimum. The enzyme was incubated with glycogen in the 
presence of acetate buffer (pH 5.5) for 20 min. Under these conditions, the tempera- 
ture optimum was 45 O, and there was a rapid drop in activity above this temperature_ 

(cc) Stability of the enzyme. The enzyme was incubated in 0.1~ acetate buffer 
@H 5.9, in the absence of substrate, at different temperatures in the range O-45”. 
Enzyme activity was measured initially and after 30 min. The results (Fig. 2) showed 
that, in the absence of substrate, the enzyme was particularly unstable at temperatures 
above 37”. 

(a) Cation requirements fir stability. Incubation of the enzyme with 1OmM 
EDTA caused a decrease in the stability, which became more marked with increasing 
temperature so that, at 37”, all activity was lost in less than 30 min. This suggested 
that a divalent cation was required for stability. The enzyme was therefore incubated 
with various divalent cations (10mM) in 50mM acetate buffer (pH 5.5) at both 30’ 
and 37 “. The activity was measured initially and after incubation for 18 h, the final 
concentration of cation in the assay digests being O.lmM. The results (Table I) showed 
that the enzyme had some requirement for calcium ions; however, further experiments 
showed that the addition of calcium ions would not completely stabilise the enzyme, 
nor would they reverse the inactivation by EDTA. 

Specificity of the enzyme. - (a) Action on gl_vcogen. The action of the enzyme 
on raGliver glycogen was examined in a digest containing enzyme (0.02 unit/ml), 
substrate (5 mg/ml), and 8OmM acetate buffer (pH 5.5). After incubation at 37”, 
samples were removed at intervals for analysis by iodine staining and measurement of 
reducing power. The results showed that there was a change in the ;1,,, to higher 
wavelengths, and large increases in the maximum absorbance (Fig. 3) and in reducing 
power (Table II). 

TABLE1 

JZFFECI- OF VARIOUS DIVALENT CATIONS ON THE STABlLlTY OF ISOAMYLtSE IN THE ABSENCE OF SUB!5TRAl-E’L 

Cation Initial activity Attivity after I8 h at 

30’ 37” 

None 100 24 0 
ca*+ 100 74 37 
Mg*+ 101 18 0 
&“C 101 0 0 
Ba2f 101 21 0 
Cd= 91 3 0 
MS+ 98 11 0 
Hg*+ 0 0 0 

aAll activities are exp:essed as a percentage of the initial acttiity in the absence of added cations. 
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beta-limit dextrin in which the A-chain is a maltotriosyl unit. (Fig. 4). The hydrolysis 
of linkage LZ would yield maltotriose from both substrates, whilst hydrolysis of linkages 
b and c would yield branched oligosaccharides containing one or two (1+6)-a-D- 
glucosidic linkages. 

In their original paper, Whelan and his co-workers7 stated that the enzyme has 
no action on pullulan, although their numerical results indicate that 1.8 % and 12.7 % 
of the glu.cosidic bonds in pullulan and glycogen beta-dextrin were hydrolysed under 
certain conditions. It is not clear whether the figure of 1.8 % is experimentally signifi- 
cant, but at its face value, it represents 14% of the activity towards a susceptilole 
substrate. In our experiments, although the initial rate was admittedly very low, it 
was sufficient to yield oligosaccharide products that could be detected by paper 
chromatography, and gave measurable kinetic constants (Table IV). 

We believe that the precise definition of the specificity of a debranching enzyme 
is extremely difficult. Whilst susceptible substrates can be readily identified, the 
hydrolysis of other substrates at rates of 1 ‘?A or less cannot be. ignored, particularly 
if these latter hydrolyses have structural implications with respect to the substrate 
specificity. 

In Table V, various findings on the relative rates of debranching of certain 
polysaccharide and oligosaccharide substrates are summarised. Four sets of results 
refer to different samples of pullulanase from Aerobacter aerogenes. In general, there 
is oniy qualitative agreement in the trends of some of the results. For the isoamylases 
from Cyrophaga end Pseudomonas, the results with oligosaccharide substrates show 
some qualitative similarities, but differ markedly in their relative activities towards 
beta-limit dextrins. It should be noted that the enzymes may not always have been 
saturated with substrate in the various experiments. Nevertheless, caution is clearly 
required in defining the specificity of debranching enzymes, particularly those of 
bacterial origin, where different strains of micro-organisms having the same taxonomic 
name may have been used. 
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