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ABSTRACT

Human, oyster, Streptococcus mitis, and phyto-glycogen samples were debranched using Pseudomo-
nas amylodermosa isoamylase (EC 3.2.1.68). The distribution of chain lengths was studied by high-
performance liquid chromatography on reversed-phase columns, with water as ¢luent. Quantitative data
was obtained over the degree of polymerisation range three to eighteen (d.p. 3-18), and oligosaccharides up
to d.p. 26 were detected. No single column was found suitable for the resolution of the complete range of
oligosaccharides, two columns being necessary for the quantitative analysis. The resulting “fingerprints” of
chain lengths are characteristic of the glycogen source and should be useful for both comparison purposes
among glycogens and for monitoring procedures of glycogen isolation.

INTRODUCTION

Glycogen is a highly branched polymer consisting of relatively short -(1—4)-a-D-
glucan chains joined by -(1-6)-a-branch points'. As with starch, the structure is
deceptively simple. By the 1930’s Haworth and others had established, by methylation
analysis, the basic structure”. Biochemical interest in glycogen was stimulated by the
Coris’ discovery of liver phosphorylase®™ and the subsequent discovery of phosphory-
lase in potatoes'. A vast amount of effort has been spent on the study of the structure of
glycogen and its metabolism since then. Much effort has been directed towards the study
of average chain length (a)"ﬁ. A number of extraction procedures have been devised.
As glycogen is a labile material, its levels in vivo are susceptible to the nutritional state of
the organism'’®, temperature”", time of day', and season'. For glycogen extraction, one
must, therefore, choose conditions which are reproducible and which do not impose
unwanted variations on the normal biological ones'.

The method described herein allows, in principle, monitoring of the distribution
of chain lengths as a function of the conditions. Whether such is feasible in practice is
likely to be determined by the feasibility of isolating truly “native” glycogen. Many of
the extraction methods used since the early work of Bernard'' are now known' to have
caused extensive degradation of the glycogen molecule.

The most common extraction methods for glycogen include the following': (i)
Alkaline extraction. Minced liver is heated in 30% potassium hydroxide for threehon a
boiling water bath, and the glycogen is precipitated by the addition of four volumes of
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ethanol'. (/i) Methyl sulfoxide (Me,SO) extraction'’. (/7)) Water extraction™. ¢ie) Tri-
chloroacetic acid (TCA ) extraction'”. Purification of the isolated sample may be carried
out by its dissolution in distilied water, removal of any precipitate by centrifugation,
and precipitation of glycogen by excess ethanol.

The effect of the four extraction methods listed above on the molecular weight
distribution of final product huas been assessed by Geddes and Greenwood™ . The
hyvdroxide-extracted glycogen had the narrowest molecular weight distribution profile.
but it also comtained the maerial of fowest molecular weight. The TCA and Me.SO-
extracied glveogens had siiar molecular weight distributions. being pu!}dismrw(
with more than one 'iif;lrihu&iml peik. The water-exiracied giveogen showed extreme
polydispersity. with much ngh molecular wetght materal hum* present. The method
described herein has the potential to monitor individual chain fengths ot ¢ither the two
distributions of molecular weight or of degraded samples,

The effect of alkalt treatment on the sedimentation coethicients ot glycogen
isolated by cach of the above methods has been studied by Stetten ansd Katzen™ Within
experimental error. all glyveogens were degraded to similar products, which were closely
related to those obtained from the respective exiraction of cach sample by afkali alone,
Usetul informution on the distribution of individual chaim lengths could be gamed using
the method described herein,

Models of the fine structure of glycogen usually describe the various types of

1 - 4y-z-D-glucose chains ax A, B.or C chains. A chains are found near the surface of
thc particle and have no substituent chams, while B chains carry substituent A and B
chains linked by (1 = &-a-1-glucosidic bonds. A single chamn with a reducing group is
called the C chain,

The A:B chain ratio is determined by the use of isoamylase (EC 3.2.1.68) and
pullulanase (EC 3.2.1.41y on (/) f-himit dextrins prepared by the action of f-amylase on
glycogen or (i) on glycogen previously subjected to exhaustive treatiment with rabbit-
muscle phosphorylase™ Most glycogens have an A:Bchain ratic of ¢lose to unity”. Two
important models are those of Mever and Bernfeld™ and Whelan and coworkers ' The
major differences between these are () the varation in the lengths of B chuns in the
former model as compared with the latter, and (77) the single highly extended C chamn in

the Mever-Bernfeld model as opposed to the short chain of the Whelan model, which
has only two branch points™. Total debranching of glyveogen by isunm\hx%c from
Criophaya, followed by gel-nermeation chromatography. indicated that the chains had
a fairly wmmctm distribution of chain lengths, f.¢.. a value that iy ;,xpprmimah:i} the
average CLY. The method described in this work could lead to the development of o
much more detatled account of chain-length distribution 1in glyeogens

EXPERIMENTAL
Materials and Methods. - Oyster glycogen was obtaired from BDH Chemicals.

Poole (U.K.). Human, Streprocaccus mitis, and phyvto-glycogen were kindly provided
by Dr. GG J. Walker. Iscamvlase (EC 3.2.1.68) from Pscudomonas wnylodermosa was
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purchased from the Sigma Chemical Company, St. Louis, MO (U.S.A.) as a suspension
in 2.0M ammonium sulfate (1000 U/0.05 mL: 1.9 mg protein/mL). Standard individual
malto-oligosaccharides were also gifts from Dr. G. J. Walker. A mixture of malto-
oligosaccharides (d.p. 17), obtained from the enzymic hydrolysis of amylose, was a
product of Hayashibara Biochemicals, Tokyo (Japan).

The h.p.l.c. system consisted of a Waters Associates M6000 pump, an Erma
R7510 refractive index detector (Erma Optical Works, Tokyo), a Rheodyne 7125
injector, and an SIC Chromatocorder 12 integrator (SIC Instrument Co., Tokyo). The
columns used were the following: Waters Nova-Pak CI18 cartridge, 10 x 0.8 cm; a
Waters Dextro-Pak cartridge, 10 x 0.8 cm; a Lichrosorb RP-8 steel column, 25 x 0.4
cm (E. Merck); a TSK-Gel G 5000PW steel gel-permeation column 60 x 0.7 cm (Toyo
Soda Co.). The Nova-Pak and Dextro-Pak columns were used in conjunction with a
Waters Radial Compression Module RCM100. The eluting solvent was water, which
had been passed through a Milli-Q purification system (Millipore Corp., U.S.A.).

Hydrolysis of branching linkages in glycogens by Pseudomonas isoamylase. —
Glycogen (100 mg) was incubated with isoamylase (0.0027 mg; ~ 1.4 L) in ammonium
acetate buffer (0.05M, pH 3.5) in a total volume of 10 mL. A drop of toluene was added
to inhibit growth of microorganisms, and the sample was incubated for 50 h at 40°.
Aliquots (10 uL) were drawn at intervals 0f 0.3, 21, and 26 h, heated to boiling for 5 min,
and injected on to the TSK-Gel column, which was run at 0.6 mL/min.

Reduction of the glycogen hydrolysates. — Glycogen hydrolysate (1 mL) was
treated with sodium borohydride (10 mg) for 90 min at 40° to reduce the end groups to
alditols. The reaction mixture was treated with acetic acid until effervescence had
ceased, and it was then passed through a short column of Dowex-50W [H"'] ion-
exchange resin to remove excess sodium ions and then freeze-dried. The resulting solid
was treated with methanol (3 x 3 mL), which was repeatedly evaporated to dryness
under reduced pressure at 40° in a rotary evaporator. Reduced maltotriose, maltohex-
aose, and maltooctaose were tested for chromatographic purity using the Dextro-Pak
column. These were stored in vacuo for two days over phosphorus pentoxide and then
dissolved in the mobile phase to a concentration of 1% (w/v). Each oligosaccharide
sample (20 L) was injected onto the Dextro-Pak column ata flowrate of | mL/min, and
the peak areas were calculated by the integrator. Each sample was injected three times,
and the mean area was determined. The sample procedure was repeated for the
Nova-Pak column.

RESULTS AND DISCUSSION

The oligosaccharides were reduced with borohydride to their glycosylalditols to
avoid the problems of two anomers arising for each d.p. Refractive index response
factors for the three standard oligosaccharides were shown to be the same on a w/w
basis. Completeness of enzymic hydrolysis was shown to have taken place.in 21 h for
each sample. There was no residual high molecular weight material, as shown by
gel-permeation chromatography on the TSK Gel column, and the reducing power after
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Fig. 1. Elution profile of glycogen chains on a Dextro-Pak column. Selvent water, Flowrate, Tmlonun Gy
Soomitiy glycogen. (b Oyster glycogen.
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Fig. 2. Elution profile of chains from human glycogen on a Novu-Pak column. Sobventswater. Flowrate:

mL min
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21 h remained essentially constant. Incubation of maltotriose under the same concen-
tration, pH, and temperature showed no detectable change in reducing power or h.p.l.c.
profile on the Dextro-Pak column, showing that no reversion or hydrolysis had oc-
curred. Incubation of maltotriose and maltohexaose with the isoamylase also failed to
reveal any transglycosylation activity in the enzyme preparation.

Fig. 1 shows the elution profile of the debranched oyster and S. mitis glycogen
samples on a Dextro-Pak column at a flowrate of 1 mL/min. Resolution and peak-
shapes from these chromatograms were deemed to be suitable for quantitative analysis
for oligosaccharides up to d.p. 13. Higher oligomers were detected, but their retention
times and peak shapes were unsatisfactory for accurate analysis. Fig. 2 shows the elution
profile for debranched human glycogen on the Nova-Pak column at a flowrate of 1
mL/min. Resolution and peak shape from d.p. 11-18 are satisfactory for quantitative
analysis.

In order to calculate the weight distribution over the d.p. range 3—18, three peaks
(d.p. 11,12, and 13), which were well resolved on both the above columns, were chosen,

TABLE 1

The composition of debranched oligosaccharides of glycogens*

d.p. % Area of each d.p.
Oyster Human Phyto S. Mitis
3 3.64 9.29 4.63 6.95
4 3.43 3.56 2.08 5.51
5 3.06 3.90 443 5.82
6 11.20 6.14 5.45 10.10
7 7.20 7.40 6.57 7.99
8 6.21 7.02 6.77 5.89
9 6.28 7.24 8.01 5.84
10 6.35 7.45 8.53 6.42
11 6.43 7.92 8.76 6.72
12 5.46 6.94 8.12 5.55
13 7.00 6.65 8.60 7.64
14 6.91 6.79 7.98 6.27
15 6.59 6.33 6.47 4.92
16 5.63 4.90 5.41 5.03
17 7.02 4.24 4.43 5.44
18 4.10 4.23 3.76 3.91
19 3.49 ok kb * kb *kokh
20 *kkh koK Kk * kK
21 Hokk * kK *k ok
22 * %k * ¥ K *ok K sk
23 *ok *ok * ok k * kK
24 * % * % *k ok * ¥k
25 * * * % * %
26 *ok

“ The relative percentage of each oligosaccharide was the average figures obtained from the integrator. *The
* etc. are indicative of the relative sizes of the broader peaks of highd.p. These data are included to show that
such peaks are observable on chromatograms.
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and factors were calculated Lo allow normalisation of peak arcus. Each (actor used was
the mean of those calculated for dop. 11,12, and 13, For example. tor ovster glycogen,
the mean factor used was .82, where
. area of oligosaccharide on Dextro-Pak
factor = e O
arca of oligosaccharide on Nova-Pak

In this manner the weight distribution of the oligosaccharides over the range d.p.
3-18 was caleulated for each glyveogen sample using the SIC Chromatocorder ares
values. (Table Tand Fig. 3). For detection of oligosaccharides in the range 19 2601t was
necessary (o use the Lichrosorb RP-8 column {Fig. 4). The resolution and peak shape
are not satisfactory for quantitative analysis of d.p. 19 26 oligosacchuarnides, so then
relative amounts in Table [ are only estimates. The weight distributions i Fig, 3 give
fingerprint reflecting the fine structure of each glycogen. Comversion o relative munmbers
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Fig. 4. Elution profile of chains from 8. mrivis glycogen on a Lichrosorb RP-& steel column Solvent: Water
Flowrate: T sl min.
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of chains may be determined® by division of relative areas by d.p. Thus the number of
longer chains above d.p. 20 is quite low. The fingerprint of each glycogen is useful for
comparison purposes, and the results allow some interesting comparisons, e.g., S. mitis
and oyster glycogens are similar, and each has a large proportion of maltohexaose.
Human, phyto-, and S. mitis glycogens all have high levels of maltotriose. The signif-
icance of the similarities is uncertain. Before any conclusions can be drawn, one must
consider the isolation treatment employed, as this could affect the structure to some
extent. (The practise of alkali-extraction could modify in some way the native glycogen
structure). In fact the method could be used to monitor extraction and isolation
procedures. Other applications include analysis of the isoamylase hydrolysis products
of glycogens at various times to follow the release pattern of glycogen chains, and a
similar approach to follow the action of isoamylase on starch or glycogen f-limit
dextrins. The fact that oligosaccharides of every chain-length between three and twenty-
six D-glucose units appear to be present is interesting and has possible biochemical
significance. It is hoped that work that is in progress will allow the analysis of oligo-
saccharides up to d.p. 30. This will enable fingerprints of the lower-size group of starch
amylopectin chains to be produced. The short time required for the analysis of oligo-
saccharides by the quantitative method described herein, compared to the many hours
needed for a non-quantitative gel-permeation run®, is a distinct advantage.

REFERENCES

I R. Geddes, in G. O. Aspinall, (Ed.) The Polysaccharides Vol. 3, Academic Press, London, 1985, pp.
283--336.

2 W. N. Haworth, E. L. Hirst, and J. 1. Webb, J. Chem. Soc., (1929) 2479-248S5.
3 G.T.Cori, S. P. Colowick, and C. F. Cori, J. Biol. Chem., 123 (1938) 375-380.
4 G.T.Coriand C. F. Con, J. Biol. Chem., 133 (1939) 297-298.

5 G.T.Coriand C. F. Cori, J. Biol. Chem., 135 (1940) 744-756.

6 T. N. Palmer, L. E. Macaskie, and K. K. Grewel, Carbohydr. Res., 114 (1983) 338-342.
7 R. Geddes and G. C. Stratton, Carbohydr. Res., 57 (1977) 291-299.

8 R. Geddes, Int. J. Biochem., 2 (1971) 657-660.

9 L. Kepinov, J. Physiol. { Paris), 52 (1960) 809-821.
10 R. Chayoth and Y. Cassuto, Am. J. Physiol., 220 (1971) 1067-1070.
11 C. Bernard, C. R. Acad. Sci., Ser. C., 44 (1857) 578-586.
12 E. F. W. Pfluger, Arch. Gen. Physiol., 131 (1910) 201-202.
13 R. L. Whistler and J. N. BeMiller, Arch. Biochem. Biophys., 98 (1962) 120-123.
14 R. Laskov and E. Margoliash, Bull. Counc. Isr., Sect. 4, 11 (1963) 351-362.

15 M. R. Stetten, H. M. Katzen, and D. Stetten, Jr., J. Biol. Chem., 222 (1956) 587-599.

16 R.Geddes and C. T. Greenwood, Abstr. Papers 150th Natl. Meeting Am. Chem. Soc., (1965) 8D.

17 R. Geddes, Proc. Aust. Biochem. Soc., 62 (1969) 124.

18 M. R. Stetten and H. M. Katzen, J. Am. Chem. Soc., 83 (1961) 2912-2918.

19 1. J. Marshall, Adrv. Carbohydr. Chem., 30 (1974) 257-370.

20 K. H. Meyer and P. Bernfeld, Helv. Chim. Acta, 23 (1940) 875-885.

21 Z. Gunja-Smith, J. J. Marshall, C. Mercier, E. E. Smith, and W. J. Whelan, FEBS Lett., 12 (1970)
101--104.

22 M. J. Gidley and P. V. Bulpin, Carbohydr. Res., 161 (1987) 291-300.



