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ABSTRACT

Maize and potato amylopectin (57 and 64 ~ , respectively) were recovered as
non-cyclic products from 4-1t digests of the starches with eyctodextrin gtycosyl-
transferase {(l~4)-~-D-glucan:[(l~4)-ce-D-glucopyranosyl]transferase (cyclising),
EC 2.4.1.19} from Klebsiellapneumoniae M 5 ak Besides smaller saccharides, highly
branched fragments of different sizes (average d.p. 40-t40) were obtained by fraction-
ation. The extents of beta-amylolysis varied between 24 and 379/0, indicating that the
clusters were not equally susceptible to attack by cyctodextrin gtycosyltransferase.
The fragments of potato amylopectin still contained larger amounts of material of
high molecular weight. Accordingly, part of the longer B-chains of the basic structure
were protected from the enzymic attack, presumably because of imerchain branches.
By debranching with pullulanase, it was evident that the beta-limit dextrins of the
fragments of potato amylopectin were composed of longer B-chains (average chain-
length 17.8) than those of maize amylopectin (average chain-length 14.1). The
A/B-chain ratios, which were calculated fronl h,p.l.c, data for the debranched beta-
limit dextrins, were 1.22 (maize) and t.06 (potato). Some structural differences
between potato and maize amylopectin are discussed,

IN~I~RODUCTION

A description of the molecular structure of branched Ce-D-gtucans requires
knowledge of the molecular weight, the average chain-length (~.1.), the relative
lengths of the external and internal chains (extent of beta-amylolysis), and the
ratio of A/B-chains ~**. The investigation of the fine structure of these polysaccharides
has been facilitated by the isolation of the bacterial debranching enzymes pullulanase2

*Present address: ChinoinPharmaceutical and Chemical Works Ltd, 1325 Budapest, Hungary.
**An A-chain is connected to the remainder of the motecale only through its reducingchain-end. A
B-chain is also joined in this way, but carries other A- and/or B-chains at one or more of its primary
hydroxyl groups, A C-chain has one reducing terminus.
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and isoarnylase3. By the use of these enzymes, the cx of the Iinear chains and the 
A/B-chain ratios have been determined4- ‘. The chain profiies of most debranched 
amylopectins show a bimodal distribution, corresponding to long (s. 40-60) and 
short (2 11-25) chains 6*8-12 It is generally assumed that the chains are derived . 

from a single, completely debran~hed amyio~~tin population. Based on these 
results, French13*14 proposed the cluster model. whereby the shorter chains are 
arranged in tightly packed clusters throughout a basic structure composed of long 
chains’“*16. This type of model not only explains the bimodal nature of chain 
lengths1 7 - ‘O, but aIso accounts for the high crystailinity of native amylopect~ns 
and the high viscosity of amylopecti~ solutions 3*23+22 Although some of the experi- . 

mental results are in accord with a Meyer tree-like structure8*23, the cluster model 
is generally accepted at present, whereas the elongated model proposed by Whelan24+2S 

seems to be less probable. 
The cyclodextrin glycosyltransferase [(1~4)-n-o-glucan:E(I~4)-a-r>-gluco- 

pyranosyl]transferase (cyclising), EC 2.4.1.19, CGT) from ~~ebsj~~Zu r)~~u~~n~~~ 

M 5 al can catalyse sinlultaneously cyclisation (exo-attack) and chaii~-shortening 
(endo-attack) with both amyiose and amylopectin. The effect of acceptors on these 
reactions has been studied with amylose 26*27. Due to the initial chain-shortening 
reaction catalysed with amylopectin (which causes rapid IiqueF~ct~on of amylopectin 
gels), fragments of l~arkedly lower molecular weights are formed. As shown by the 
chain profile of the debran~hed fragments, the long B-chains seem to be the pre- 
ferential substrate for the chain-sho~eni~g reaction 28.29. In the course of prolonged 
incubatiot~, CGT degrades the alnylopectius into smaller saccharides, indicating 

that not only the long B-chains but also the shorter i~lterbranch chains are attacked 
by the enzyme. Accordingly, the action of the CGT on branched a-r>-&cans corre- 
sponds to a modified tier concept *‘J’ The compiete degradation of the polysacchar- . 

ide proceeds slowly, and depends on the lengths of the interbranch chains. The 
shorter the chains, the lower are their rates of degradation. Highly branched clusters, 
which are modified only in the region of A-chains by the cyclisation reaction, should 
be obtainable from short-term digests. We now describe the isolation and characteris- 
tics of some branched fragments from potato and maize starch. 

~~~e~~a~s. - CGT was isolated from the culture filtrate, and pullulanase 
~pullulan:~~46)-glucanohydrolase, EC 3.2.1.411 from the cells, of continuously 
grown Ki~bsieI~u p~i~~~~~o~~a~ M 5 al, with purification as described2*28.3’-33. The 
specific activity of the electrophoretically homogeneous CGT with (I -+4)-a-~- 
gluco~~anosyl chains (a 20) was 2.6 x lO”U/g of protein34. Amylose impurities 
of the pullulanase were removed by affinity chromatography on SepI~arose-cyc~o~ 
hexaamylose”‘. Xsoamylase ~g~ycogen:(l~6)-gIucanohydro~ase, EC 3.2.1.68) was 
isolated from the culture filtrate of ~s~~ud~~?~na~~ ~l?~~l~d~rff~o~sff ATCC 21 262, and 
purified as described2S*36, Beta-amylase [(I -+4)-a-n-glucan:maltohydrolase, EC 
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3.2.1.2, sweet potato, 500 U/mg of protein, thrice crystallised] was purchased from 
Serva (Heidelberg, Germany), and glucoamylase [( l-+4),(1 -+6)-cl-D-glucan :gluco- 
hydrolase, EC 3.2.1.3, Aspergillus niger, 14 U/mg of protein] and the glucose test-kit 
GOD-Perid were obtained from Boehringer (Mannheim, Germany). Potato and maize 
starches were a gift from Henkel & Cie (Dusseldorf, Germany). Amylopectin from 
potato starch (mol.wt. 2-4 x 106, 95 % pure) was purchased from Serva (Heidelberg, 
Germany), and waxy maize starch from Koch-Light Laboratories Ltd. (Colnbrook, 
Great Britain). All other substances were commercial materials of the highest purity 
available. 

Analytical methods. - Total carbohydrates were determined with anthrone 7,38, 
and reducing aldehyde groups with the Nelson reagent3’. C.l. and d.p. values were 
calculated4’ as the ratios of total carbohydrate to the reducing carbohydrate, both in 
glucose equivalents. D-Ghrcose was determined with D-glucose oxidase41, and protein 
by the biuret method4’. The iodine complexes of the compounds were prepared by 
mixing water (9.8 mL) and aqueous 3% carbohydrate (0.2 mL) with 50mM iodine 
in 50mM potassium iodide (0.5 mL). 

For debranching, aqueous 3 % substrate solutions (10 mL) in 1OmM acetate 
buffer (pH 5.6 or 3.6) were incubated either with pullulanase (2 U/mL) or with 
isoamylase (0.3 U/mL) at 30” for 72 h. For beta-amylolysis, 1 o/o substrate solutions 
in 20mM acetate buffer (pH 4.8, 500 mL) were incubated with 6,000 U of beta- 
amylase at 30” for 72 h. The digests were concentrated in vacua, and the beta-limit 
dextrins were precipitated with methanol (l-4 vol.), and purified by repeated re- 
precipitation. 

H.p.1.c. was performed on Waters PBondapak-NH, columns (3.9 x 300 mm), 
using acetonitrile-water (65 : 35) at 1.5 mL/min (1,200 p.s.i., 25 “), with refractometric 
detection. 2-10 % Solutions of carbohydrate (20 pL) were injected. The G,-G,-stubs 
were determined by h.p.1.c. of the beta-limit dextrins of the fractions debranched by 
pullulanase. The elution peaks were calibrated by using maltose and maltotriose. 
As the total chain-profile could not be obtained by this method, the A/B-chain ratios 
were calculated from the total carbohydrate contents of the samples. The a. of the 
B-chains was calculated from the differences of the total reducing capacities of the 
samples and the reducing capacities of the G,-G,-stubs. 

Gel chromatography of the branched fragments was carried out with columns 
(2 x 87 cm) of Sepharose 2B or Sepharose CL-6B (Pharmacia). A solution of carbo- 
hydrate (6 mg) in dimethyl sulfoxide (0.3 mL) was diluted to 6 mL with water, 
added to the column43, and eluted (descending) with distilled water (20”). Fractions 
(4.5 mL) were collected at 11 mL/h, and the carbohydrate content was determined 
with anthrone. The chain profiles of the debranched fragments were obtained by 
chromatography on Sephadex G-50 (fine; Pharmacia). A solution of carbohydrate 
(6 mg) in distilled water (5 mL) was added to the column (2 x 90 cm), and eluted 
(descending) with lhM sodium/potassium phosphate buffer44 (pH 7.0). Fractions 
(4.5 mL) were collected at 10.4 mL/h, and the carbohydrate content was determined 
with anthrone. 
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Isolation of branched fragments on a preparative scale. - The digests contained 
potato and maize starches, their amylopectins4’, potato amylopectin (Serva), and 
waxy maize starch (Koch-Light). Satisfactory results for the isolation of non-cyclic 
products were obtained with 4-h digests of 10 % substrate solutions. In order to avoid 
any reverse reactions of the initially formed cyclohexaamylose, cyclohexane was 
added, since cyclohexaamylose clathrates are resistant4B to CGT. Similar results 
were obtained with purified amylopectins and the correspon~ng native starches, 
indicating that the part of the amylose that was not retrograded by the initial chain- 
shortening reaction2 6 p2 7 was converted into cyclodextrins. In contrast, 57% of the 
maize amylopectin and 64% of the potato amylopectin were recovered from the 
starch digests as non-cyclic compounds. Accordingly, carbohydrate (100 g) was 
dissolved in 5mM CaC& (1 L) by boiling (the maize starch was heated to 134” for 
2 h). After cooling to 35”, the pH was adjusted to 6.5, cyclohexane (50 mL) was 
added, and the transfer reactions were started by the addition of CGT (30 mg). 
The digests were stirred at 35 ’ for 4 h, and the pH was then adjusted to 3 to inactivate 
the enzyme. Mter storage at 4” overnight, the cyclodextrin-cyclohexane clathrates 
were removed by cent~fugation, together with some insoluble starch material. The 
total amounts of cyclic products were determined by h.p.1.c. The fractionation of the 
non-cyclic compounds is summarised in Scheme 1. Solutions of the final precipitates 
in distilled water were freeze-dried. Samples of the fractions were digested with 
glucoamylase. The carbohydrates were completely degraded into D-glucose, indicating 
that they contained no cyclic compounds. 

RESULTS AND DISCUSSION 

Mode of action of CGT on ~rn~lop~ct~~~. - The time-dependent degradation 
of amylopectin into fragments of lower molecular weights by CGT is shown in Fig. 1. 

Fig. I. E&ion profiles from Sepbarose 2B of waxy maize starch (A), and of waxy maize starch (3%) 
incubated with CGT (14 mg/L) for 10 (B) and 80min (C) at 30” (for the conditions of gel titration, 
see Experimental). 
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Fig. 2. Sephadex G-50 fractionation of A, the ~ullulanase-debranched beta-limit dextrin of potato 
amylopectin; and k?, the ~~llui~nase-debranched fragments obtained after ~ncLlbatio~ of the beta- 
limit dextrin (30,;) with CGT (14 mg/L) at 30” for 40 min (for the preparation of the beta-limit 
dextrin, debranching, and chromatographic methods, see Experimental). 

The exclusion limit of Sepharosc 23 is too low to provide a true representation of 

the molecular weight distribution of the native amylopectin. The majority of carbo- 

hydrate was eluted in the void volume of the column (Fig. 1A). During the illcubation, 
smaller fragments were formed, which were included into the gel (Fig. 1 B,C). Due 
to the degradation of the A-chains, the population of longer B-chains can be seen 
best by debranching the beta-limit dextrins. Incubation of the beta-limit dextrins with 
pullulanase followed by gel filtration of the digests yielded a trimodal distribution 
of carbohydrate’,‘” (Fig. 2A) corresponding to long B-chains (peak I ), to B-chains of 
intermediate lengths (peak 2), and to shorter B-chains including the G,--G,-stubs 
(peak 3). The amount of long B-chains markedly diminished after incubation of the 
CGT with the branched x-r>-glucan for 40 min (Fig. 2B). Accordingly, the degradation 
of the long B-chains is responsible for the formation of the smaller fragments. 

Churacterisatiorz of IIW non-cyclic degradution products isolated from digests 

of maize and potato ~l~l~~ei,~~~l tt*ith CGT. - As shown by chromatography of the 
amylop~ct~n digests, the non-cyclic compounds were very polydisperse (Fig. 1). The 
range of their molecular sizes was decreased, therefore, by fractionation from metha- 
nol-water mixtures. The yields of the fractions, and some of their characteristics, 
are summarised in Table I. The extent of beta-amylolysis varied between 24 and 37 “/,, 
indicating that the compounds were not equally susceptible to attack by CGT. 

The beta-limit dextrins of the fractions were subjected to gel filtration on 
Sepharose CLQB (Fig. 3A,B). The P&fragments contained material of high molecular 
weight, which was eluted in or near the void volume ofthe column. These compounds 
(PI@, 71 “/’ PII~, 57 :;; and PHI& 249; of the total carbohydrate) apparently rep- 
resented molecules modified only in the exterior regions. As shown by prolonged 
incubation, some material of high molecular weight could be isolated from 15-h 
digests, indicating that at least some of the long B-chains were resistant to attack by 
CGT. Presumably they contain interchain branches, which prevent rapid degradation. 



CGT AND THE FINE STRUCTURE? OF AMYLOPECTINS 251 

TABLE I 

YIELDS AND SOME CHARACTERISTICS OF NON-CYCLIC COMPOUNDS OBTAINED BY FRACTIONATlON FROM 

METHANOL-WATER hflXTURES OF THE DIGESTS WlTH MAIZE (M) AND POTATO (P) STARCH” 

_I__.~ _-.-_.._- --- ___ 

Substrate Fractionb Amylopectin 

%) 

D.P.~ Beta-amylolydsd 

C%) 

M I 19 1,500 24 
II 12 250 36 
III 13 98 29 
IV 13 20 nd. 

P I 26 717 37 
II 10 220 24 
III 9 83 24 
IV 19 20 nd. 

aA 10°$& solution (1 L) of starch in 5mM CaC$ @H 6.5) was incubated with CGT (30 mg) at 35’ for 
4 h in the presence of cyclohexane (50 mL). The insoluble cyclodextrin~yclohexane clathrates were 
removed by centrifugation; 46.6% (M) and 46.1’/, (I’), respectively, of the starches were converted 
into cyclodextrins (SOa/, ~yclohexaamylose); 12.5’,& (M) and 5.9% (P) of the starches were not 
dissolved by heating, or became insoluble by retrogradation. “For the fractionation of the non- 
cyclic compounds, see Experimental. CCklculated from the ratios of total ~rbohydrate~r~ucing 
capacity*O. dFor the conditions of beta-amylolysis, see Experimental. 

The population of the long B-chains of maize amylopectin, however, must be fully 
susceptible to attack by CGT. 

The d.p. values calculated from the reducing power4’ were 492 for MI/l and 
454 for PI/3 (Table II). The former value was inconsistent with the partition coeffi- 
cient on the Sepharose gel, and inconsistent with the d.p. calculated for MI (24% of 
beta-amylolysis). The d.p. of this fraction clearly could not be determined exactly 
by the method of Gunja-Smith et al. 4o The d.p. values caiculated for the P-fractions, . 

however, seemed to be more realistic. Assuming that the reducing capacities of the 
materials of high molecular weight are near zero, then d-p. values of 130 [PIP, 
average mol. wt. (a,) 21,000], 78 [PIIfl, 12,600], and 48 [PIIIfi, 7,800] could be 
calculated for the compounds included into the gel. Provided that the M/? fractions 
behaved similarly during gel filtration, MI! and the majority of MII/3 must be some- 
what larger, and MIIIJl somewhat smaller, in size than the corresponding Pp fractions. 

Both dextran T40 (I&,, 39,500, @, 29,500; Pharmacia) and amylose (R, 
136,000 _t 5x26, Serva) were subjected to chromatography on Sepharose CL-6B 
(Fig. 3C), The amylose was very polydisperse. From the elution pattern of the 
dextran, it was evident that the &I;;I, values of MIB and the minor part of PI) must be 
~29,500 but > 15,000, since the fragments were not dialysable (Visking tubing, 
exclusion limit 15,000 daltons). In contrast, 40% of MII/? was dialysable, and MlII@ 
was completely dialysable. 

Each of the fractions was a very poor substrate for the cyclisation reaction. 
The rate of cyclisation for amylopectin is 26*34 160 U/mg of CGT. For MI and PI, 
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El&ion volume (mL) 

Fig. 3. EIution profiies from Sepharose CL-63 of the fractions Ml~-MIII~ (A, T-III) and PIN-PIIT~ 
(B, I-111; parts of the fractions were eluted in or near the void volume of the column: peaks I-III 
on the left), and of dextran T40 (C, I) and amylose (C, 1I) (for fractionation, preparation of the 
beta-limit dextrins, and the chromatographic methods, see Experimental). 
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Fig. 4. H.p.1,~. (2.5”) of the products obtained by incubation of MI (5%j with CGT (30 mg/L) at 
30” for 72 h; the digest injected (20 pL) contained 0.7 mg of carbohydmte; the d.p. ~alr.re~~ was 5.8. 
For the conditions of h.p.l.c., see ~x~rimen~l}. 

TABLE II 

ANALYSIS OF THE ~ETA-L~~ DEXTRINS OF THE FRAC’IIONS FROM MAIZE(M) AND POTATO (P) ~YLOPEC~~ 

Fraction D.p.0 Iodine co/our ~bra~chin~ with puMmzsec 
-_- “~~.- 

C.I. of Branching Gz-G- A/B-chain 
B-chains (W stubs (Oh) ratios 

~~ ._-----___- 

w 470 Red 13.6 14 18.3 1.23 
MIIg 159 Red-brown 13.7 13 17 1.16 
MIII/!i 70 Red-brown 15 12 17.4 1.21 
PI@ 454 Red-violet 20 9.2 11.5 1.02 

(130) 
Prig 181 Red-violet 17 11.3 15.1 1.15 

(78) 
PIII& Brown-red 16.4 11.1 13.8 1 

aFor the preparation of the beta-limit dextrins, see Experimental. bCalculated from the ratios of 
total carbohydrate/reducing capacity 40. D.p. values were calculated for the parts of the carbohydrate 
that were included into the gel (chromatography on Sepharose Cl-6B). CFor the conditions of da 
branching, see Experimental. The Ga-Ga-stubs were determined by h.p.1.c. The A/B-chain ratios 
were calculated from the total carbohydrate content of the debranched samples. The c.1. values for 
B-chains were calculated from the differences of the total reducing capacities and the reducing 
capacities of the Gas-Ga-stubs. @Percentage of reducing chain-ends of total carbohydrate (both in 
glucose eq~v~ents) liberated by debranching. 
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the values were 24 and 32 U/mg of protein, respectively. The beta-limit dextrins 

were not substrates for cyclisation. MI and PI and their beta-limit dextrins were 
degraded into smaller branched, and, by disproportionation, linear oligosaccharides 
during prolonged incubation with CGT. Unbranched cyclodextrins could be de- 
tected only in the digests of MI and PI (Fig. 4). Thus, the enzyme could not form 
cyclic products from the highly branched regions of the molecules, but could degrade 
them by cndo attack [hydrol$ic activity (?) of CGT47**8]. 

Chain composition of the fragments; A/B-c~tai~ ratios. - Evidently, MI-MI11 
and the smaller compounds of the PI-PIII fragments represented populations of 
tightly packed clusters. It was to be expected that the total Pfi fraction still contained 
long B-chains of the basic structure. Debranching of the Pp fragments with pullulanase 
yielded linear chains, which were markedly longer than those in the M/3 fractions 
(Table II). PIP contained a high percentage of retrograded chains (molar ratio of 
long and short chains, 1 : 1.5). Only part of the long chains could originate from the 
basic structure, whereas the remainder must have been derived from the clusters. 

02 

180 

Elution volume (mtf 

270 

Fig. 5. Sephadex C-50 fractionation of the p~lu~anase-debranched beta-limit dextrins of the 
fragments isolated from digests with maize and potato starch: A, MI/3 (4*-supe~atant): B, MI@ 
(retrograded material, 12% of total ~arbohyd~te); C, PI/? (4O-su~matant); D, PI@ (retrograded 
material, 52:/o of total c~bo~ydrate); E, PII, (total carbohydrate). For the preparation of the beta- 
limit dextrins, debranching, and chronlatograpb~c methods, see Experimental. 
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Fig. 6. H.p.1.c. (25”) of the 4”-supernatants of A, pullulanase/isoamylase-debranched MI; and B, 
pullulanase-debranched MIB. The amount of carbohydrate injected (20 ,uL) was 2 mg for MI and 
0.9 mg for MI/?. For the preparation of the beta-limit dextrins, debranching, and the conditions of 
h.p.l.c., see Experimental. 

Of the G,-G,-stubs, N 50 % should be localised on the longer chains, as indicated 
by comparison of pullulanase and isoamylase digests (see below). 

The h.p.1.c. method used in the present work was unsuited for the analysis 
of the total chain-profiles of the fragments (the reverse-phase procedure49 could not 
be reproduced). Rough chain-profiles were obtained by gel filtration1’342,44 of the 
pullulanase-debranched, beta-limit dextrins on Sephadex G50 (fine). The distribution 
pattern confirmed that MI/3 (4” supernatant) contained more shorter chains than 
the Pj fractions. The gel filtration yielded a slightly bimodal distribution of carbo- 
hydrate (Fig. 5A). Even with the retrograded chains (4”-insoluble material, 12% 
of total carbohydrate), long B-chains could not be detected (Fig. 5B). Similar chain- 
profiles were obtained with MIIP and MIIIB. The PI/3 (4” supernatant) yielded a 
trimodal distribution of carbohydrate (Fig. 5C). Most of the longer chains were re- 



256 H. BENDER, R, SIEBERT, A. STADL~R-SZ~~~ 

covered with the 4”Ansolubie material (52:: of total carbohydrate, Fig. 33). PII~ 

(PIIIP) contained small mounts (4.5:; of the totai carbohydrate) of very long B- 
chains (Fig. 5E), Apparently, most of the long B-chains had been shortened to 2. 
30-35 by the action of CGT and zeta-amy~ase, and therefo1.e must have carried the 
first branch remote from the non-reducing chain-ends. In contrast, part of the long 
B-chains of PHp (PUT/S, material of high molecular weight) must be protected from 
enzymic attack, pr~snmab~y by carrying interchain branches or b~.anch~d clusters 
near the non-reducing chain-ends. The amounts of chains retrograded at 4” were 
larger in the d~bra~lch~d fragments than in the ~orrespondil~g debranched beta-limit 
dextrins, indicating that part of the retrograded longer chains was either A-chains, 
or B-chains shortened by beta-amylolysis. Larger amounts of retrograded chains 
were obtained with the pullu~anase than with the isoamylase digests. Accordingly, 
part of the longer chains might carry G2-stubs (and pr~sumabiy equal amounts of 
G,-stubs, originating from the action of CGT) near the non-reducing chain-ends, 
thereby preventing retrogradation. As shown by h.p.f.c., MI contained significant 
amounts of G,-G,-stubs (Fig. 6A; it is uncertain at present whether G,-stubs were 
formed). Calculated from the di~erent amounts of retrograded material obtained 
by ~ebranc~ng with pullulanase and isoamylase, a11 of the Ionger chains of, for 
example, MTfi (aide) should be exterior B-chains. 

G lUL567 8 9 10 11 12 13 14 
&6 ------ii me 

Fig, 7. H.p.l.c. of A, MIV; B, pul~uianase~debr~nched MIV; and C, MIV degraded with &co- 
amylase. The digests injected (20 ,A} contained 2 mg of carbnl~ydr~te. For conditfons of h.p.l.c., 
see ~xp~~i~e~t~i. 
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Determination of the A/%-chain ratios by the method of Marshall and Whelan’*e 
suffers from certain disadvantages. Therefore, the amounts of G,-G,-stubs were 
determined by h.p.1.c. of the pullulanase-debranched beta-limit dextrins (Table II). 
As an example, the chain profile (up to GiJ of debranched MIj? is shown in Fig. 6%. 

Fractions MIV and PIV, as shown by debranching, were at least partly branched 
oligosaccharides. Most of the branches were shortened to G,-G,-stubs by the action 
of CGT. The small fragments appeared early in the digests, indicating that some 
exterior branched regions of the amylopectins were very susceptible to attack by 
CGT. Markedly larger amounts were obtained from the potato amylopectin than 
from the maize amylopectin (Table I). The A/%-chain ratios calculated were 0.98 
for MIV (d.p. 14.5, 23.5 % of G,-G,-stubs, percentage of branching 12.5) and 0.93 
for PIV (d.p. 13.1, 15.6 % of G,-G,-stubs, percentage of branching 5.6). MIV was 
subjected to h.p.1.c. (Fig. 7A) and shown to contain only traces of G,-G,. The 
larger saccharides had RF values corresponding to malto-oligosaccharides up to G,,. 
H.p.1.c. of the pullulanase-debranched MIV revealed G,-G,-stubs (Fig. 7B), As 
shown by digestion with glucoamylase (Fig. 7Cf, the debranched MlV coutained 
cyclohexaamylose which was not present in MIV. Accordingly, the cyclic compound 
must have been branched with a larger saccharide. 

CONCLUSION 

The ratios of chains s. 45115 have been found to be 1: 7.5 for wheat”, and 
I:6 for banana amylope~tin So Similar ratios were obt~ned for potato and cereal . 

amylo~ctins . i’s16 Thus, the population of long B-chains amounts to -25 % of 
the total carbohydrate. Assuming that a, of potato amylopectin (Serva) is 3 x 106, 
then 1 mol of amylope~tin contains 114.3 mol of chains of CT 45. The a,, values of 
a single cluster and its beta-limit dextrin (56 % beta-amylolysis) are, therefore, 26,250 
(d.p. 162) and 11,560 (d.p, 71.3). At a molecular weight similar to that, the d.p. 
of the beta-limit dextrin (58% beta-amylolysis) of a cluster of maize amylopectin 
is 68. The ex~rimental results show that maize and potato amylo~tin con~ned 
at least three types of clusters, the beta-limit dextrins of which had d.p. values of 
40-140. Calculated from the total yields of fractions, the average of the PP_clusters 
was d.p. 75, and that of the M/l clusters was -80 (the PIV and the MIV fractions 
were not considered in the calculation). ~111~ and the bulk of PIE/? were eluted 
from the Sepharose column in narrower ranges of molecular weight than was dextran 
T40. Thus, they must be clusters of very similar sizes. 

There are marked differences in the structures of maize and potato amylopectin. 
The con~tions of the ~gestion of each substrate with CGT were similar. ~eve~heless, 
the fragments derived from the potato amylopectin contained marked amounts of 
longer %-chains; hence, the clusters are not so tightly packed. The structure seems 
to be looser, and the long %-chains of the basic structure carry interchain branches 
throughout their lengths. This supposition is strengthened by the isolation of larger 
amounts of small fragments (PIV) from short-term digests. In contrast, maize amylo- 
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pectin is composed of tightly packed clusters connected by more or less unbranched, 
long B-chains of the basic structure. 

The c7f: values of the unit chain are 24 and 23 for potato and maize amylopectin, 
respectively (see ref. 51). As the B-chains are longer in the potato than in the maize 
amylopectin, the fi values of the A-chains must be larger in the maize amylopectin, 
which is the better substrate for the cyclisation reaction catalysed by CGT. 
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