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ABSTRACT 

C~~toylzuga isoamylase is shown to catalyse an ordered and sequential exo- 

hydrolysis of the (1+6)-a linkages in glycogen, cleaving component (1--+4)-a-r>- 

glucosyl chains from the macromolecule in order of increasing depth of (l-+6)-cr 

linkage to the polymer. The resulting pattern of maltodextrin release by isoamylase 

as a function of the degree of debranching consequently defines the spatial arrange- 

ment of chains in the macromolecule. Studies showed consistently that the degree 

of polymerisation of the maltodextrin products of isoamylolysis of oyster glycogen 

increased as a direct function of the degree of debranching. Similarly, the chain 

length of the polysaccharide products of partial isoamylolysis apparently increased 

as debranching proceeded. These results are argued to imply that glycogen has a 

spherical Meyer-type structure. 

INTRODUCTION 

The structure of glycogen has been examined by chemical and enzymic methods’, 

and various structural models have been proposed ‘-’ The polysaccharide consists . 

of (l-+4)-r-D-glucosyl chains interconnected by (l-+6)-~ linkages**. Isoamylase 

(amylopectin 6-glucanohydrolase, EC 3.2.1.68) has proved an invaluable tool in 

structural analysis, in that it quantitatively hydrolyses the (1+6)-CA linkages in gly- 

cogen5v6. Gel filtration of the maltodextrin products of isoamylolysis therefore allows 

the distribution of component chains in the polysaccharide to be defined3*‘. There is 

one outstanding problem and that relates to the intramolecular organisation of 

(1+4)-cc-D-glucosyl chains as a function of their length (d.p.). Is the spatial distribu- 

*To whom all correspondence should be addressed. 
tPresent address: Physical Chemistry Laboratory, University of Oxford, South Parks Road, Oxford, 
OX1 3Q2, Great Britain. 
**Three types of glucosyl chain may be delineated: A chains that are connected to theremainder of 
the molecule only through the reducing chain-end; B chains that are also joined in this way, but 
carry other A and/or B chains at one or more of the primary hydroxyl groups; C chains (one per 
molecule) that are either unsubstituted at the reducing end or attached to a protein primer-molecule8. 
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tion of component chains dependent or independent of G? The purpose of thts 

study was to use the exo-specificity of C.~.~o~p/rqa isoaniylaw to investlgatc the 

spatial distribution of chains in the glycogen macromolecule. 

.4 ction ptrttern of' Cytophaga i.sotr~~~~~l~rsc~ on ~1~~wp1. ~- tiara&~ ct nl. ‘) reported 

that Psr~rdotmmc~s isoamylast‘ is exo-acting with glycogen (oyster) as substrate. It is no\\ 

apparent that ~~~ft~@q!!rcr ~soam!;lase acts in :tn analogous fashion. Partial ~soani~ioly- 

sates of oyster glycogen (et’ Expertmental) corresponding to 2 I. 9-k. 4 I I 53, (7 I. 74, 

and 96 ‘I,, debranchtng were chromatogruphcd on Bio-Gel P-IO. Native oyster- 

glycogen was eluted tn the wtd VO~LIII~C of the column (170~130 mL). whereas 

chromatography of i 00 “/, d&ranched glycogzn yielded the type of cluttnn profiles 

encompassing maltodrxtrtns of dx 3 -50 described else\\ here-’ ‘. At all intermedtar~ 

degrees of debranchtng, gel filtration prodLlccJ two dtstinct polyglucosc peahs. I 

and II. Typical elution profiles are shown in Fig. 1. Peal\ 1 \\a> clutctl in the votd 

volume and contained polysacchxidr matertal that did not react \iith Nclso~~‘s 

reagent. The size of prah II (clittion volume, 3x0 mL; cquivalcnt to l”i.p. . 7) lll- 

creased as isoamyi~>lyats proceeded. Thus increase was sccotnpnntcti by ;t p:tralleI 

and reciprocal dccrcase in the polysaccharidc peak. 

Treatment (34 h. 37 ~. pH 5.0) ofcolutnn fractions from peal\ I I \I tth ~soamylasr 

(final concentration, 0.5 IJ.‘niL) anci.!nr pullulanase (final cnncrntrattnn, I! 11 mL.) 

resulted tn no tncreasc 111 reducing end-groups. An increa>c, \~ould hc cxpectrd pi 

branched oltgosacchartdes wcrc present: tsoamylasc attack5 ( I --+h)-r-l~nkrd multo- 

dextrinyl chains,except O-;c-maltosq,l group5whtch are acted upon by puIIuI;tnaw”. “,’ ’ 

The implicatton is that peak I I IS composed of linear tnaltodeutrtn\. ~Iw~~ver. small 

increase5 in reducing end-groups ( -c 5 “(, ) woulcl not nccessartl! bc dctectcd. and 

corroboratory evidence ~3s thcreforc sought. 

Parttal isoatnylolj,sate~ of oyster glycogen corresponding til 0. 13. 17. 31. 73. 

Fig. I. Typical elutlon profiles on Bto-Gel P-IO of the products of partial twamylolyars of oyrter 
glycogen; samples corresponded to 61”,. (A) anit JI’),, (H) bhranching 
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Elution vol (mL) 

Fig. 2. The action of beta-amylase on partial isoamylolysates of oyster glycogen: A, time course of 
isoamylolysls (“/;, -A-) and beta-amylolysis (“/b, -0-J; B, elution profile on Bio-Gel P-10 of a 
beta-amylolysate (degree of beta-amylolysis, 6l’$b) of 31’76 debranched glycogen. 

96, and 100% debranching were treated exhaustively with beta-amylase. Consistent 

with an exo-mode of action, the degree of beta-amylolysis (7;) of partial isoamyloly- 

sates increased in parallel with debranching (o/,) (Fig. 2A). The beta-amylolysates 

were chromatographed on Bio-Gel P-10; a typical elution-profile is shown in Fig. 2B. 

There were consistently two distinct peaks; one comprised polysaccharide material 

eluted in the void volume, and the second (elution volume, 425 mL) contained oligo- 

saccharides of low molecular weight. This second peak (d.p. 2.1) was confirmed by 

gel filtration] ’ on Bio-Gel P-2 and by paper chromatography to contain only maltose 

and maltotriose. Treatment (24 h, 37”, pH 5) of column fractions containing oligo- 

saccharides with isoamylase (final concentration, 0.5 U/mL) and/or pullulanase 

(final concentration, 2 UjmL) produced no increase in reducing end-groups. The 

combination of gel filtration on Bio-Gel P-10 and P-2, paper chromatography, and 

enzymic debranching would have detected small quantities of branched oligo- 

saccharides (< 1 y. of total products). It is therefore inferred that branched oligo- 

saccharides are not produced in measurable amounts by isoamylase action on glycogen. 

Given that linear maltodextrins appear to be the exclusive products of iso- 

amylase action on oyster glycogen, it is concluded that, like Pseudomonas isoamylase’, 

Cytophaga isoamylase is exo-acting with glycogen as substrate, i.e., the enzyme 
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catalyses an ordered and sequential hydrolysis of (I--+6)-x linkago proceeding 

inwards from the non-reducing chain-ends. Enzyme action on rabbit-liver and bwinc- 

liver glycogens is similarly exo: gel filtration on Rio-Gel P-IO of partial isoaniyloly- 

sates of these polysaccharldes shcnted linear maltodextrins to be the preponderant. 

if not exclusi\,e, reaction products. It must be rmphaGscd that this cxo-hpccificlty is a 

function of polysaccharide structure and not of the binding \pccificity 01‘ the enzyme 

active-site. lsoamylase action on amylopectin is endo (rd. 0: T. Y. Palmer. unpubltshcd 

results), and the en7)me byclrolyses all (1 +(7)-y linhngcs III gl~cc~gtzn beta-dextrin 

except those linking maltosyl A chains”,‘3. Presumably, the densit> of‘ branching at 

the periphery of the glycogcn macromolecule sterically prccludcs the accw of iso- 

amylase to interior branch-points. Decreased densit), of branching (as in amylo- 

pectin) or shortened A chains (as In glycogcn beta-deutrin) presumably ;tllows accesc 

of isoamylase to interior branch-points. T\to important questions remain, Does 

glycogen contain sparsely branched rugions that arc open to enlIt) attack? Dots 

glycogen contain 6-r-maltosyl and O-x-maltotriosyl A chains that may bc by-passed 

by isosmylasc endo-action? With the glycogens studied. particularly oy>tt’r glycogen, 

the answer to each questton is no. Irrespective of the dcgrcc of i~o:miylolyG, nc) 

measurable quantities of branched oligosaccharides acre detected. It 15 rccognised. 

ho\vever. that certain glycogcns may contain structures compatihlc M ith endo action. 

illol~l- distribution prfilc~.r c.f prtiui i.soml~~~k~l~~~.rirtr~.r. As the 1i)drolyGs bq 

isoamvlasc of the (I -+6)-r Iinhagrs in oyster glycogen procceds a~; a function of t~mc, 

the molecular weight distribution of relcascd maltodcxtrlna alters radically. The mslto- 

dextrln products of partial isoamylolysis u’ere analysed by gel liltration on Bio-Gel 

P-IO and the data replotted as jirnol of maltode~trin:ml ~KSU.\ d.p. (Fig. 3). At 

3-l”,, debranching, the maltodcxtrln products of isoamyloly4s had :i t1.p. of 6.7 and 

no maltodextrins of d.p. > 16.5 wcrc detected. At II “,) debranching, the malto- 

dzxtrin products had a d.p. of 9.6 and maltodextrinr of d.p. _ Y1 V.c‘rL! prrwnt, \vhercas, 

Fig. 3. Numerical distribution profiles (see Experimental) of the maltodextrin products of partial 
isoamylolysis of oyster glycogen: profiles obtained at 34”,, (AL 31”,, CB). and hl”., (<‘I i,oamqloly~ls. 
The dabbed line bhons the dlrtriblltion profile at IOO”,, &branching. 
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at 61 :‘, debranching, the released maltodextrins (d.p. 9.8) included material of d.p. 

49. The inference is that the d.p. of released maltodextrins increases as a function 

of the degree of isoamylolysis. Given that isoamylase action on oyster glycogen is 

apparently exo, this increase in d.p. as a function of isoamylolysis implies that the 

length of component chains may increase dependent on their depth of attachment 

to the macromolecule. 

Distribution profiles of the unit chains in the residual pol~~saccharides. - From 

the above discussion, it is clearly implied that the chain length (a) of residual 

polysaccharide (core polysaccharide) must be presumed to increase progressively as 

isoamylase sequentially cleaves component (1 -+4)-z-D-ghCOSy1 chains from the 

periphery of the molecule. The identification of sparsely branched, residual poly- 

saccharide in partial isoamylolysates of glycogen allowed corroboration of this 

point. A partial isoamylolysate of oyster glycogen corresponding to 97 “/g debranching 

was chromatographed on Sephadex G-50 (see Experimental), resulting in two poly- 

glucose peaks. These correspond, respectively, to residual polysaccharide and the 

maltodextrin products of enzyme exo-action. Analysis of the latter peak (for poly- 

glucose and reducing equivalents) provides a profile of the maltodextrins released 

at 97 oA isoamylolysis. Column fractions containing residual polysaccharide were 

combined, and treated exhaustively with isoamylase. The resulting maltodextrins 

were chromatographed on Sephadex G-50. Analysis of these column fractions (for 

polyglucose and reducing equivalents) provided a distribution profile of the unit 

chains present in the residual polysaccharide at 970 isoamylolysis (Fig. 4A). 

The elution profile on Sephadex G-50 of the debranched residual polysaccharide 

(Fig. 4A) showed that its component chains were substantially longer than the malto- 

dextrins released by 97% isoamylolysis. The debranched polysaccharide was eluted 

as an approximately symmetrical polyglucose-peak (elution vol., 360 mL), whereas 

the released maltodextrins were eluted as an asymmetrical peak (elution vol., 410 mL) 

0 
300 400 0 20 40 60 

Elution vol (rn~) DP 

Fig. 4. The maltodextrin and residual polysaccharide products of 97 9/, isoamylolysis of oyster 
glycogen. The data are shown as (A) the elution profiles and (B) the numerical unit-chain distribution- 
profiles of the maltodextrin products (-_O-) and of the component chains of debranched residual 
polysaccharide (-A-). 



i 
) 

_- r--- 

;r- ‘-- *“t 
I ____--r-. vu 4 

b 
4 

/I 
: 

4 
:( 

b i 

I / 4 4 

500 1000 

Elution vol CmL) 

008 E 
C 

; 
ru 

004 ; 

Q 

0 



UNIT CHAINS IN GLYCOGEN 145 

is more densely branched than that following 97’:; isoamylolysis (Fig. 5). The 

implication is that the residual polysaccharide becomes more sparsely branched as 

isoamylolysis proceeds. The numerical unit-chain profile of debranched residual 

polysaccharide showed right-skewed asymmetry (peak d.p. 16.5), as did the corre- 

sponding profile of the maltodextrin products of 78 P; isoamylolysis (peak d.p. -6). 

Co-ckrornatograpl~_v of isoarnylase and glycogen. - An exo-mode of action 

involves an ordered and sequential hydrolysis of (1+6)-z linkages proceeding in- 

wards from the non-reducing chain-ends. To provide a complete profile of the result- 

ing, time-dependent release of maltodextrin products, a relatively novel approach 

was undertaken. To a Bio-Gel P-10 column equilibrated at pH 5.5 and maintained 

at 37” was applied a mixture of glycogen and isoamylase, independently pre-equilib- 

rated at pH 5.5 and 37”, and mixed immediately prior to application to the column. 

The resulting elution profile is shown in Fig. 6. 

Isoamylase and glycogen were eluted in the void volume of Bio-Gel P-10 

(exclusion limit > 20,000). In theory, maltodextrin products having M, < 20,000 will 

penetrate the Bio-Gel P-10 matrix and be separated from isoamylase and poly- 

saccharide. This type of resolution should apply equally to all maltodextrin products: 

M, 20.000 is equivalent to a maltodextrin of d.p. 123. The resolution of products 

from isoamylase/polysaccharide will continue on a time-dependent basis as column 

elution proceeds. Therefore, the time at which a specific maltodextrin is cleaved from 

the polysaccharide will determine, at least initially, its position in the elution profile. 

Products released last will be eluted with isoamylase and residual polysaccharide 

in the void volume. Fig. 6 shows a void-volume polyglucose peak consistent with 

incomplete isoamylolysis at the time at which isoamylase was eluted from the column. 

The higher the elution volume of a specific maltodextrin, the earlier, in theory, its 

I \ 
I \ L / \ 

\ 

B 

200 400 o 200 400 o 200 400 

Elutlon vol (mL) 

Fig. 7. Chromatography on a column (2.6 :’ 91 cm) of Sephadex (i-50 of samples l-9 in Fig. 6. 
Column fractions were neutralised (M HCI) and polyglucose was determined. Elution profiles A-C - - - 
correspond, respectively, to samples 1 (d.p. 47.3). 3 (d.p. 2O.l), and 8 (d.p. 6.8). The dashed line is 
the elution profile of completely debranched oyster-glycogen. 
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time of release by hydrolysis of (I +6)-x linkages: i.cs.. ellltion \Ollll?it? I:, aI1 IlldCY 

of time. However. gel filtration will inevitably complicate the elution profile by ;III 

M,-dependent resolution of products. The final elution prolile is thcrct’orc both timc- 

and M,-dependent. 

Treatment (60 h, 37 ) of portions of‘ column fractions with lsoamylase (final 

cont.. 0.25 U;mL) and,‘or pullulanase (tinal coiic., 2 U.‘mL ) prod LICCLI II<) incrcaac 

in reducing equivalents. Thia findin g supports the \ie\\ that isoan:! law 15 exe-adIng 

with glycogen as suhstratc. The column t’raciion\ that comprised the clutlon prolilc 
-_.. 

were combined as designated (Fig. 6). to yield nine sample\ I‘or an:li!sl<. The d.p. 
-_ 

of these samples dccrcased as their respccti\c clmtion voiunle~ illcrcas~xi. ‘T‘ll~ c1.p 

values were37.3 (I), 39.3 (I!). 20.1 (3), 20.3 (d), I7.0 (5). I-t.5 (II). 12 7 17). 0.X (XI. 

and 4.9 (9). The nine samples \vcrc separately chromatogi-npheci on Sepiudn G-50. 

Three typical clution-profile:, arc shown in Fig. 7. All nlnc profilc~ xhoued that the 

component maltode.xtrin~ ofeach sample had symmetrical ~leigllt-distrll7Lltion profiles. 

If fractionation on Bio-Ccl P-IO were to ha\,c beg e~lus~~cl~ tlnl~-depenclcnt. 

the results \rould simply imply that the maltodextr~n prod~~ct\ of cn/ymc cut)-:tctinn 

on glycogen incrcasc progrAvely in length as :I function of the dqw c,(‘~lcbrailcliin~. 

i.e.. the d.p. of component chains increases as a direct function of I/ICII. depth of 

(I +6)-x linhagr to the macromolecule. Hmcvt’r. gci filtration incvitabl! distort> 

the fractionation of reaction products. Moreo\,cr. gel filtration of maltodrutrin~ 

results in elution in order of decreasing M, (d.p.). Thih v~oulcl contrlhutc to (but not 

totally account for) preciscl> the type or elution profile ewi in keg. 0. Thercf~~rc. 

in order to verify the infcrcnce that isoamylolysis releases maltodc\irlns III order 01‘ 

increasing d.p.. the etEcts of ME-dependent (as opposed to time-dcpcndcnt) prc)duct 

fractionation must he niinimised. To this end . gl~ccqeii t 100 rng) \\,I\ cliromat~~- 

graphed (at pH 5.5 and 37 ) with 9.X. 6.9, 3.X. 7.4. or U.5 1: o/‘ is~urn~~law (initial 

reaction-volume, 5 ml_). Chromatography uas performed on WIO-Gel P-Cd!, u h~ch 

has a higher fractionation range than P-IO (3.000~ h0,000 a\ opp~~ti to I .500-11.000) 

and consequently produces ICY:, resolution of reaction products on the b:l51\ 1.1f hl,. 

Irrespective of isoamylase concentration. the &Y of maltodc~trin~ prcac‘nt 111 column 

fractions tended to incrcahc ;I\ an inverse function 01‘ clution \,)lum~ f resulls not 

shown). 

G‘l.l~og~ .rtrmtwr. -~~ In our interpretation of the results prt’scntcd. two basic 

assumptions are made. Firhtly. It i\ assumed that isoamvlase i,s cxo-acting with oyster 

glycogen as substrate. Irrespective of the extent of dcbranchlng, linear rnaltodcxtrin\ 

were the exclusive product5 of isoamylase action on gIVCogL’I1~ (O>SkY. iabblt lI\CI.. _ 

and bovine liver): branched ollgosaccharide products were not detected. I’he lmplica- 

tion is that glycngen itself and the polysaccharldr products of its partial t~c~amylolysis 

possess structures that impost 311 no-mode of‘ action on l>oani> i2se At, mcntioncd 

previously, it is important to rccogni5c that the action pattern of ~so:liii~laxc is cider- 

mined by the structure of the poiysaccharidc substrate: the cnz)‘m~ h\,drol\ WI+ III- . _ 
terior t I --6)-x linkages in nmylopcct~n” and glycogeii beta-dcxtrin” ! ‘, fhc st’coiid 

assumption is that the primary structure of glycogen ri.tb.. the arran~cnicnl oft I -+J i-r/ 
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and (1-+6)-a linkages] remains intact during the isolation of the macromolecule. 

It is recognised that glycogen in viva may have a complex secondary/tertiary structure 

maintained by hydrogen bonding, protein-carbohydrate interactions, etc.15. Normal 

isolation procedures may disrupt this structure, but it is reasonable to assume that 

the primary structure remains unaltered. 

The data presented show that the d.p. of maltodextrin products tends to in- 

crease as a direct function of the extent of isoamylolysis. Given our basic assumptions, 

it is concluded that the length of component chains in glycogen increases as a function 

of their depth of (1-+6)-a linkage to the macromolecule. This type of chain arrange- 

ment is incompatible with the Haworth “stubbed” model for glycogen4q’ 6 (Fig. 8). 

The concept of “buried” chains17’l * involves certain (1 -t4)-a-D-glucosyl chains 

occupying the interior spaces of the glycogen macromolecule. In theory, such chains 

would be relatively resistant to the action of exo-enzymes and, of importance in the 

current context, be shorter than chains having a similar depth of (1+6)-a attachment 

A A 

A A 
A 

A 

uk 

B 
B 

B 
C @ 

Fig. 8. Diagrammatic representations of various structures proposed for glycogen and amylopectin 
by Meyer and Bernfeld” (A), Gunja-Smith et al.” (B), and Whelan and co-workers*JB (C). Thereducing 
end-groups are drawn as unsubstituted (4); the (1-+6)-a linkages are denoted as 1. 
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to the polysaccharide but which tend to terminate at its per~phcr!. Therefore, of 

“buried” chains were to exist in significant numbers, dlscontinuities might be cxpectcd 

in the distribution profile< of-the maltodextrin and polysaccharldc product\ of partial 

isoamylolysis. In fact, the profiles consistently shoved no pol>dispersitl- Thus. 

short “buried” chains must be presumed not to be present in bignllicant numbers. 

The data do not preclude the exrstcnce of “buried” chains ,N/’ \<J: the distribution 

profiles of partial isoamylolysatcs could easily accommodate a nunihcr of “hiirrcd” 

chains without noticeable distortion. 

In conclusion, our result, silggeil that glycogen ha5 ~1 aphcrrcal Meyer-t>f?c 

structure’.’ 8 and that component chatns tend to termlnatc at the pcrlphc‘ry nf the 

macromolecule. The data do not distinguish bctlveen tfle hle>t‘r mc&f- and the 

revised modct of Gunja-Smith PT U/ A (FIN. 8). The latter model \\;t’; advanced III 

VIC’W of the succcs~ivc actions of isoamylase and bets-amylasc on gl~cogc~~ phr.hct;l- 

dextrin (i.c., A chains shortened to maltoiyl units by the mxcs~i~~t’ :ztlc>ns 01 

phosphorylase and beta-amylase). The dcxtrin in question contained M)IIJC i~~m;~ltc~- 

triosyl A-chains and thercforc the underlying assumption that Icoamylasc actlc>n bias 

confined to B-B branch-llnknges is of‘doubtful validity”. 

Two points warrant comment. The first concerns the randomness c~t‘i~oamylaae 

action. In theory, hydrolase action on such a polysnccharide substrate as gl>~g~n 

may be random or non-random. or a combination thercol’. The mode ot‘ action IS 

further complicated by the fact that the \ast surface-area of the In:lcl.omolecule 

(containing IO’-10’ non-reducing end-groups) presumable permlth slmultancous 

attack by several enzyme molecules. It is therefore not sufkicnt to I\non simpl) 

that isoamylase action is exe. In this paper, a rclati\)cly random rt\c~~t~crn is assumed 

and certainly our conclusions \\ould bc InvalId if attach were to IW exclusi\,cly nou- 

random at spatially isolated sites on the polysaccharide surface. This \itu:ltlon i< 

unlikely, but verification i\ required. The second paint 15 that the ( 1 -+6)-r Ilnhap 

in oyster glycogen have a hctcrogcneous distnbutlon. Alph~~-nm)~l:ise-I-csl~~a~it region:, 

of dense branching (“mncrodextrin”) are reported to be distributed thrcjughout the 

macromolecule’“. Further studies are necessary to :ls\esh th dkch ot’ tlli\ non- 

random distribution of branch points on lsoamytase action. 

Mnte~inls. --- Oyster (type II) and bovine-liver glycogens ivtre supplied by the 

Sigma Chemical Co. Rabbit-liver gtycogen, puflulanase. and beta-amylasc werr‘ 

products of the Boehringcr Corp. Ltd. lsoamylase (a gift from Glaso Ltd.) had ;i 

specific activity of 3.9 U.‘mg of protein-’ I’_ Enzyme activities arc e\pres& as /Imol 

min at 30 ‘. This crude raoamytasc was isolated front an 0rfanI5ni (IC1R 9497 1 

originally identified as (‘I tophq~~ and subsequently as P~~/~w,y~m~. Acti\,lt! OII 

pullulan was <0.05 “(, of the corresponding activity on giyxyxn’ I. ;rnd the cnq rnc 

was free from phobphorolytic, amylofyt~c, and r/-u-plucosidasc actltltle%. BIO-Gel P-2 

(300~400 mesh ). P- 10 (200 --IO0 mesh ). and P-60 (%I- IO0 rncdl t u crc obtainctt tlom 
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Bio-Rad Laboratories, and Sephadex G-50 medium was obtained from Pharmacia 

Fine Chemicals Ltd. 

Chomatograph~~ qf purtial isoamylolwates of gl~~cogens. - Glycogens (final 

cont., 50 mg/mL) were incubated at 37” with isoamylase (final cont., 0.25 UjmL) 

in 1OOmM sodium acetate buffer (pH 5.5) containing 0. ItllM NaN,. The total rcaction- 

volumes were 100 mL. At intervals, samples were heat-inactivated (20 min, 100°) 

in capped Pyrex tubes and analysed for reducing equivalents”, and polymeric 

glucose (polyglucose)21 and d.p. (average degree of polymerisation) were calculated. 

At 100 h, enzymic hydrolysis was complete: treatment (60 h) with isoamylase (final 

cont., 0.8 U/mL) produced no increase in reducing end-groups. The degree of iso- 

amylolysis (0;) of samples was calculated accordingly. 

Selected samples were chromatographed on a column (2.6 x 90 cm) of Bio- 

Gel P-l 0 equilibrated in 0.1 mM NaN j. Column fractions were analysed for reducing 

end-groups2’ and polyglucose”. 

Beta-arn~~lol~~sis ofpartial isoatn~~lol~sates of o~‘stergl~~cogen. - Heat-inactivated, 

partial isoamylolysates were incubated (60 h, 37”) with beta-amylase (final cont., 

160 UjmL). The degree of beta-amylolysis was calculated. Portions were chromato- 

graphed on columns (2.6 x 90 cm) of &o-Gel P-IC or P-2” equilibrated in 0.1 M 

NaN,, and fractions were analysed for reducing end-groups” and polyglucose”. 

Selected samples were analysed by paper chromatography’. 

Isolatiolz of reaction products at 97 “,i and 78 % isoamyloll~sis. - Oyster glycogen 

(final cont., 100 mg/mL) was incubated overnight at 37 ’ in O.lM sodium acetate 

buffer (pH 5.5) with isoamylase (total reaction-volume, 5 mL). Two final concentra- 

tions of isoamylase were used, namely, I.35 and 0.9 U/mL. The reaction mixtures 

were heat-inactivated (20 min, 100”); isoamylolysis was 37 “/, (1.25 U of isoamylase/ 

mL) and 78;; (0.9 U of isoamylase/mL). The reaction mixtures were chromato- 

graphed on a column (2.6 x 90 cm) of Sephadex G-50 in 0.05M NaOH-M NaCl. 

NaOH was present to maintain the solubility of long-chain maltodextrins. The 

resulting elution-profiles contained two polyglucose peaks corresponding to the 

polysaccharide and maltodextrin products of isoamylolysis. The peak for malto- 

dextrin of low molecular weight in each profile was analysed for reducing end-groups. 

The void-volume polysaccharide peaks were desalted with Bio-deminrolit (CO:-) 

resin and freeze-dried. The freeze-dried material was incubated for 60 h at 37” with 

isoamylase (final cont., 2.5 UjmL) in 0.1~ sodium acetate buffer (pH 5.5), and the 

resulting maltodextrins (solubilised in warm 0.05mM NaOH--M NaCl) were chromato- 

graphed on Sephadex G-50. Column fractions were analysed for polyglucose and 

reducing end-groups. 

Co-chromatogra~l~~ of isoamJl/ase andgl>scogen. - Solutions of oyster glycogen 

and isoamylase in 1OOmM sodium acetate buffer (pH 5.5) at 37” were mixed, to give 

final concentrations of 33 mg/mL and I .25 U/mL, respectively (total volume, 15 mL), 

and applied to a column (5 x 74 cm) of Bio-Gel P-l 0 equilibrated in 1OOmM sodium 

acetate buffer (pH 5.5) at 37”. The column was eluted at 0.6 mL/min, and fractions 

(9 mL) were assayed for polyglucose2’. Fractions were combined to give nine samples 
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(designated in Fig. 6). These samples (analysed for reducing end-groups-‘” and poly- 

glucose2’: d.p. calculated) lver’e desalted and freeze-dried. The I‘recLc-dried samples, 

solubilised in warm 5Omu NaOH--u NaCl under N,. \vere cIlrotl~~~togr;tri~cJ on 

Sephadex G-50 (column. 2.6 i YO cm). Fractions were neutraliwd iv HCI), and 

reductng end-groups and polyglucose \verc dctermtncd. 

AI&J, wit-dmirz ili.~t,.ihlitiol7-~)~~~~il~,,~. To allo\\ graphical analysis of chatn 

distributions on a IILIIIICI teal (tnolar). as opposed to a weight, b;tsts. clutton profiles 

on Bio-Gel P- 10 or Srphadex G-50 were replotted. Boscd on pol~glucow and reducing 

end-group nnalyw, the d.p. and tnolecular bbetght (M,) of malt~~de~tr~tls prcscnt 117 

column ft.acttons wcrc c;tlculatcd. For each l‘racttoti, the mhl conccntrattoti of malto- 

dextrtns present \va> calculated on the 1~~~1s of the ratto total pc~lygluc~vx (jcg ‘ml_ ): 

M, (allowing I‘or Ihe water 01‘ I:ydr;ttion on hydrol!ws j. To allo\\ direct compartson 

of plots, data \verc norn~alissd. i.~,., the propondct-ant mal~~le\tr~n III each plt\t was 

nominally asstgned a concentration of 100 and all other concentrations \\crc cxpreswd 

relative thereto. 


