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Note 

The unit-chain distribution profiles of branched (1+4)-a-~glucans 

Isoamylase (amylopectin 6-glucanohydrolasc. EC 3.2. I .6X) quantitatively 

hydrolyses the (I +6)-r linkages rn branched (I ~~)-x-I>-glucans’,~. Gel filtration 

of the maltodoxtrln products of isoamylolysis therefore defines the size distribution 

of component I .3-z-I>-glucosyl chains III these polysaccharides. Elation profiles 

show glycogcn to have a symmetrical distribution of component chains. \\ hereas 

the component chains of amylopectin ;iiid phytoglycogen shop polqdispcrsity.’ -_ 

The interpretation of these elution profiles is problematical, in that they contain an 

inherent weight-bias. Structural models of polysaccharldcs ;Lrc concerned with the 

intramolecular arrangement of a tinite number of coniponcnt ch;lrn\ of defined 

lengths.‘. It is necessary. therefore. that the elution data be nnalyscd on a numcricul. 

as opposed to a weight. basis. 

Oyster glycogen (a 11.9) was debranched with Isoamylase and chromato- 

graphed on Bio-Gel f’-10. Column fractions were analysed for polymeric glucose and 

reducing end-groups, and d.p (average degree of polymcrisation) and M, (average 

molecular weight) were calculated. These dat:i are plotted on a \vclght-basis (poll- 

saccharide mg,‘mL; Fig. I A) and on a numerical-basis [Lcmol of (I -+A)-r-n-glucosyl 

chains,i’mL; Fig. I B] WKWY d.p. The weight-based profile shows murk-cd asymmetry. 

The numerical unit-chain distrjhution-profile ia asymmetrical, with a preponderance 

of long-chain matcrlal (right-skewed asymmetry). The profile ha% II di\Tinct peak at 

d.p. 8 (c;fi CT I I .9); between d,p, X-45, it has almost the shape ofan cxponcntial CLII-ve. 

The profile is not strictly exponential: there is a fractional cxccss of clluinl; of d.p. 

15-25. Nonetheless. the clc:tr rnference is that the numbers of .xmponent ( I -4)- 

r-D-glucosyl chains decrcnsc as ;m exponential function of d.p The numcrlcal and 

weight-based profiles of rabbit-liver glycogcn (Fig. 1 C: Z. 14) corroborate the 

conclusions reached in relation to oyster glycogen Again, there is almost an cxponen- 

teal relationshlp between the number of component chains and d.p. at leant over the 
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Fig. 1. Unit-chain distribution profiles of (A) oyster glycogen, [cg/mL; (B) oyster glycogen, jtmol/mL; 
(C) rabbit-liver glycogen, lig/mL (A) and ~~mol/mL (0); (D) oyster-glycogen $-dextrin, pg/mL; 
and (E) oyster-glycogen &dextrin, ~~mol/mL. In C and D, plots are normalised, the peak fraction 
being arbitrarily assigned a value of 100. 

range G 8-53. The data do not comply strictly to an exponential curve, as there is a 

fractionai excess of chains of d.p. 14-29. 

In glycogen phosphorylasc-limit dextrin (#-dextrin), the A and the outer 

portions of B chains (i.e., distal to the branch points) comprise four o-glucosyl units’. 

The weight-based distribution profile of oyster-glycogen $-dextrin (Fig. 1D) is 

asymmetrical to the extent that polydispersity might be inferred. By contrast, the 

numerical profile (Fig. 1E) shows right-skewed asymmetry with a single peak at 

&? 4 (e$ a 6). Phosphorolysis of oyster giycogen (~5 Figs. 1 B and 1 E) results in 

a statistically symmetrical decrease in the d.pl of component chains in the macro- 

molecule, i.e., the distribution profile is shifted to the left. This suggests that the 



majority of component chains are susceptible to phosphorylase action (i.c.. are not 

“buried”“). The number- of chains IS cxponentlaiiy and rcciprocali~ related to d.p., 

at least in the rangt‘ d p. Am ?I. Thus cuponcntial relatlonshlp L\;L> found with ail 

glycogcn-type molecules :tnd 14 consistent lvith a \phcral”. a~ oppo~d ro a linear’ (I. 

moiocuiar structure 

The \velght-bawd distribution profile for sweet-corn phytogi>,cogen (Fig. ?A) 
- 

shms a main peak at d.p 9 with a shoulder at d.p. 25-35. TIli> type of poiydispersity 

is cited” as implying that phytnglycogen and glycogw ditftr funda~ncntali\’ in moic- 

cular structure. It ib iiou apparent that this polydisper5it~~ 15 :1rllfacttial; rcsuiting 

simply from data anaiysi\ on a lvright-biased basis. The numcricai prc)tiic (Fig. ‘A 1 

shoots right-skewed aymmctry I+lth ;I single peak 3t d.p X. Ab~we cij?# X. the numbers 

of chains decrease cxpnncntially with an Incrc;ise III c1.p.. ~lthout :lny Indication ol‘ ;I 

secondary peal\. In terms of chain dislrlbution. therefore. phytogiqcogen resembles 

glycogcn. Ro-analysis, on a numerical basis. of pubh~hed clutton data relating to the 

phytogiycogens of .-fw~c~1~,5f~r ~ilh~/rn~.~~ and CC? ly1itr pcJll~l?ri ” support\ this ccwciu- 

sion frc-plots not she\\ n ). 

Amylopectins wntain two distinct chaln-I7opl’l”tic~lls b> \ve~ght” “*” Ii. The 

weight-based protiie of waxy-maze‘ amyiopectln (c.1. 23. FIN. 2H). for euamplc. 
__ 

shops a peak at d.p. 19 and ;I distinct secondary peak at d.p. 50. The sccondaq peai, 

accounts for _ 37 ‘IO of the total polysacch:tride. Replotting these data on a numerical 

basis (Fig. 1B ) does not oblitcratr the peak of high molecular \\c~ght. It rt‘main.s :IS a 

slloLlidel- (dp -45) to the main peah (d.p. 17). Re-un;~ly\~s, on ;I numerical ~~SIS. of 

published elution protiic\ I‘or a variety ol‘dcbranchcd am~iopectlns-’ ‘,’ ’ 1 ’ confirmed 

;1 discontinuous diGribiition ofcomponent chainh into t\\o distinct chairs-populations, 

The peak of high molecular wright cons~stentiy accounted li>r e: JO”,, 11f total chains. 

0~ thsorettcal possibilit? can he dtxottntcd. namely that the peak nl‘hrgh molecular 

weight comprlsrd c~ci~~s~vel~ K chain3 and I hat ~>f low mdccular uei?ht exclusivciy 
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A chains. In this event, the ratio of A : B chains for amylopectins would be > 2, a 
figure not supported by published data1 2.L4*15 , except those of Marshall and Whelan’ 6. 
In our hands, the ratio of A :B chains for waxy-maize amylopectin was 1.42, i.e., 
B chains constitute 417; of the total chains. The peak of high molecular weight was 
predominantly, if not exclusively, composed of B and C chains. This is inferred from 
the fact that the peak is the final product of endo-action of isoamylase on amylopec- 
tin’ ‘*I *. These findings are entirely compatible with the “cluster model” for amylo- 
pectin’*. This model envisages the polysaccharide to be composed of highly ordered 
clusters of A and B chains (d.p. 15) connected by extended B chains. The component 
chains of amylopectin may be arranged in a branched double-helix’0X21. 

In summary, gel filtration of the products of isoamylolysis (and pullulanolysis) 
of branched (1~4)-~-D-glucans has proved an invaluable tool in structural analysis. 
However, it is clear that the correct interpretation of these elution profiles requires 
that they be analysed on a numerical, as opposed to a weight, basis. 

EXPERIMENTAL 

~~~a~eriaIs. - The structures of the following poiysaccharides were investigated: 
oyster glycogen (type II, Sigma), rabbit-liver glycogen (Boehringer), waxy-maize 
amylopectinz2, sweet-corn phytoglycogen (a gift from Dr. G. Wiiber’), and oyster- 
glycogen phosphorylase-limit dextrin (&dextrin)23. Isoamylase (a gift from Glaxo 
Ltd.) had a specific activity of 3.9 Ujmg of protein2*3. This crude isoamylase was 
isolated from an organism (NCIB 9497) originally identi~ed as Cytop~laga and 
subsequently as PoZyangiLcm. The activity on puiluian was <0.05;; of the corre- 
sponding activity on glycogen24, and the enzyme was free of phosphorolytic, amylo- 
lytic, and a-D-glucosidase activities. Enzyme units are expressed as pmol hydrolysed/ 
min at 30”. The average chain-length” (z) of polysaccharides and the ratio of 

A:B chains for waxy-maize amylopectin (based on isoamylolysis of amylopectin 
#,~-dextrin~‘12) were determined. 

Isoamylolysis of polysaccharides. - Polysaccharides were treated exhaustively 
(7 days, 37 “) with isoamylase (final concentration, 2.5 U/ML) in 0. lw sodium acetate 
buffer (pH 5.5) containing O.lmM NaN,. Debranching was complete: addition of 

isoamylase (final concentration, 2.5 UjmL) and/or pullulanase (Boehringer; final 
concentration, 2 UjmL) produced no increase in reducing equivalents. 

Clwomatography of debranchedpol~xzccharides. - Debranched polysaccharides 
were chromatographed on Bio-Gel P-10 (50-100 mesh, Bio-Rad Laboratories). 
Columns (2.6 x 90 cm) were equilibrated in O.lmM NaN,. Column fractions were 
analysed for polymeric glucose (by a combined amyloglucosidase-D-glucose oxidase 
reagentz6) and for reducing end-groups (Nelson’s method*‘) either directly or 
following concentration (by freeze-drying). Average degree of polymerisation (d.p.) 
and average molecular weight (&$i,, were calculated. For each column fraction, the 
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maltodextrin concentration (llmol) was calculated as the ratio polygluco~c (,~g:‘nlL): 

M, (allowing for water of hydration on isoamylolysis). Carbohydrate rccovcry from 

colimms was > 95 ‘lo. 
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