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ABSTRACT 

Amylose and amylopectm from two starch sources were partmliy degraded by 
alpha-amylase unmoblhzed on a phenol-formaldehyde resin. The degradation 
products were fractronated by gel-permeatron chromatography and hrgh-pressure, 
hqurd chromatography Two distmct fractions were obtained from tapioca amylose. 
One is a fragment having a molecular weight exceeding 200,000, and the other 
consists of ohgosacchandes of low molecular weight with a degree of polymerization 
of 1-8. In contrast, treatment of tapioca amylose wrth soluble ,$@a-amylase produces 
a smgle fraction, nearly all of which has a molecular weight of ~35,000, wrth only 
traces of small ohgosaccharides detectable by hrgh-pressure, hqmd chromatography. 
Even wider Merences were observed in degradation products from tapioca amylo- 
pectm. Sunrlar actrvlty-patterns were obtamed with unmobrhzed and soluble enzymes, 
using corn amylose and corn amylopectm as substrates Immobihzation of alpha- 
amylase on the resin apparently restricts rhe acuvrty of the enzyme to the ends of the 
starch molecules, makmg it appear to be hmited to exoenzymic activrty. 

lNTRODUCTION 

Immob&zat.ion of alpha-amylase on an inert, protem-adsorbent resm changes 
the enzyme-activrty pattern for starch substrates from the natural, endoenzynuc’ ’ 
to an exoenzynnc mode In the free, soluble state, alpha-amylase has easy access to the 
inner recesses of large starch molecules, where mitral actrvity is favored’. However, 
immobrhzatron of this enzyme seemingly limits its imtial actrvrty to the outermost 
molecular segments of the polysacchande Tlus change m behavror has been attnbuted 
to steric hindrance’ to mteractron between actrve sites of the immob&ed enzyme and 
the amylaceous substrates We have now characterrzed the molecular-weight distrr- 
butrons in the degradatron products that result from the action of soluble and 
immobihzed alpha-amylase, respectively, on the two mokcular species of which most 
starches are composed, namely, amylose (linear) and amylopectm (branched) 

*Mention of Wn names or trade products does not unply that they are endorsed or recommended 
by the U.S Department of Agnculture over other &ILS or suniIar products not mentioned 
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ExJ?mlMENTAL 

Enzyme - Crystalhne alpha-amylase (EC 3.2.1 .l) from Badus subtrhs was 
purchased from Sigma Chenucal Co 

Enzyme-resm - The alpha-amylase-resm complex was prepared by a 
moticatlon of the method described by Olson and Stanley4 Duohte S-761, a 
phenol-formaldehyde resin, was supplied by Diamond Shamrock Chemical Co To 
0 IM acetate buffer (pH 5, 400 ml) contammg crystalhne alpha-amylase (910 mg) was 
added drained resm (200 g) Adsorptxon of the enzyme took place mthm 3 h at room 
temperature The resm was dramed, and 1 25% glutaraldehyde solution (400 ml) was 
added and allowed to react durmg 90 mm at room temperature Most of the excess of 
glutaraIdehyde was decanted from the resm, which was then washed successively 
with acetate buffer (pH 5 and 6) and 0 1% solution of soluble starch (pH 6) 

Substrates - Amylose and amylopectm, obtamed by fractionation of tapioca 
starch m general accord wth the method of Schoch’, served as substrates mthout 
further punficatlon of the nuhal precipitates The respective mtnnslc vlscoslhes of 
the amylose and amylopectm m 90% dlmethyl sulfoxlde at 25” were 2 56 and 1 42 

A corn amylose, precipitated three times as the butyl alcohol complex, and a 
commerc’clal, waxy-marze amylopectm (Anuoca, National Starch and Chermcal Co ) 
served m two expemnents that requu-ed uncontammated amylose and amylopectm 
The mtrmsic vlscoslhes m 90% dlmethyl sulfoxlde at 25” were corn amylose, 0 94, 
and waxy-maze amylopectm, 1 4.4 

Aqueous solutions of these substrates, of concentration 0 08% (w/v), were 
prepared by heatmg suspensions for 20 mm at 95” with stlrrmg An exception, 
however, was the corn amylose, which had retrograded A sol&on of amylose (0 4 g) 
in M potassmm hydroxide (10 ml) at room temperature was made neutral vvlth 
hydrochloric acid, and diluted to 0 08% for treatment with the enzyme 

Enzyme dtgests - Soluble alpha-amylase (5 ,~g) m water (50 ~1) was added to 
100~ml portions of the substrates at 40” The nuxtures were mamtamed at 40” rn a 
shakmg water-bath After 10 mm, the nuxtures were bolled for 2 mm, and cooled 
before bemg analyzed for reducmg end-groups and iodme-colmplex color 

Imrnoblhzed-enzyme digests were prepared as described for soluble a@ha- 
amylase, except that 5 g of the enzyme-resm complex was used and the digests were 
filtered after 20, or 40, mm to remove the nnmob&zed-enzyme complex 

Assay methods - Reducmg end-groups were determmed on a Techmcon 
Autoanalyzer by procedure A of Robyt et ~1.~ with maltose standards 

The Iodine-stamablllty of the starch fractions was determined essentially by the 
method of McCready and Hassld7 To samples of the enzyme lgests was added 0 2% 
lodme m 2 0% potassium lo&de solution (100 PI), and the volume was made to 10 ml 
mth water. The optical absorbance at 590 nm was read on a Gllford 300-N spectro- 
photometer 

Gel-permeatron chi-omatography (g p c ) - Molecular-aze chstnbutions were 
determined, vvlth a Waters Anaprep gel-permeahon chromatograph, on two columns 
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(122 cm x 9 5 mm I d ) conta~mng Waters Hydrogels IV and VI, these respectively 
produce molecular-we&t separations for dextran of mol wt 500 to 10,000 and 

1,000 to 2,ooO,OCM The columns were cahbrated v&h D-glucose and with Pharmacla 
dextrans T10 and TllO The operatmg conditions were solvent, water, sample 
concentration, 0 OS%, sample size, 2 ml, flow-rate, 1 ml mm- ‘, oven temperature, 
41” The samples were filtered through porous glass (pore size, 0 4-l 4 pm), and then 
InJected mto the columns The percentages of degradation products dlstrlbuted above 
and below an arbltranly chosen, molecular-weight value of 35,000 (effluent volume 
of 65 ml) were estimated by direct welghmg of paper tracmgs of the curve areas 
recorded 

High-pressure, hqurd chromatography (IJ p I c ) - Ohgosacchandes of low 
moIecular we& were separated on p Bondapak Carbohydrate and p Bondapak 
NH, columns (30 cmx 4 mm I d ), m tandem, m a Waters Associates ALC-100 
chromatography umt Samples contammg carbohydrate (0 5 mg) In water (25 /d) 
were chromatographed with 7 3 acetomtrlle-water at a constant flow-rate of 1 ml 
mm-l Malto-ohgosacchande standards rangmg from D-glucose to maltononaose 
served as markers for cahbratmg the elutlon positions 

RESULTS AND DISCUSSION 

Reducing values and lodrne-complex color of digests of the tapioca-starch 
fractions are summanzed m Table I Also gven m Table I are the relative proportions 
of degradafion products having molecular weights above or below 35,000 The g p c 
curves of the substrates described m Table I are reproduced m Figs 1 and 2 

The most stnkmg difference between the actlon of soluble and lmmoblhzed 
alpha-amylase 1s the molecular-weight dlstnbutlon of the degradation products This 
dfierence IS dramatically Illustrated m Fig- 1 by the g p c curves of tapioca-amylose 

digests respectively produced by the soluble (curve A) and nnmoblhzed (curve B) 
enzymes Although the digests have approximately the same reducmg values and 
lodme color, the yield of products havmg a molecular Relght of <35,0(H) IS 97% for 
the soluble enzyme, but only 23% for the lmmoblhzed enzyme Furthermore, the 
degree of polymenzafion (d p ) of such products from the lmmobtized enzyme, 
estimated from the reducing value of the whole digests, 1s only one-quarter (8 5/34 6) 
of that of the products from the soluble enzyme Analysis by h p 1 c of the ohgo- 
sacchades of low moIecular weight (see Fig 3) Isolated from the unmoblhzed- 
enzyme digests of tapioca amylose revealed only eight peaks, the largest bemg that 
for malto-octaose The average d p value (namely 4) of the observed malto-ohgo- 
saccharides 1s m reasonable agreement with those calculated from the reducing ends 
(7 and 8 5), whch include degradation products havmg a moIecular weight of up to 
35,000 The double peak m the repon of htgh molecular we&t m curve C (Fig 1) 
may have resulted from the presence of an amylopectm contammant, because only 
one peak was observed in thus region dunng the course of hydrolysis of punfied, corn 

amylose by lmmobtized emlrnes 
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TABLE I 

PROPERTIES OF DIGESTS OF TAPIOCA-STARCH FRACIlONS VA-l-Ii FREE AND BOUND ENZYME 

Substrates Digest Iodrne Reducing 
time blue color value 
(mm) (o/o”) (%3 

Molecular-weight drsirrbutlon’ (%) 

Below 35,000 (dp )d Above 35,000 

Soluble enzyme 
Amylose 
Amylopectln 

10 77 5 2s 97 (34 6) 3 

10 51 2 49 96 4 

Immobibzed enzyme 
Amylose 

Amylopectm 

20 73 5 27 23 (8 5) 77 
40 303 10.7 75 (7 0) 25 
40 890 20 9 91 

“Percent of value obtamed m unhydrolyzed substrates *Percent of theoretxcal for anbydrous D- 

glucose Wetermmed from relative areas of gel-permeahon chromatographlc curves -‘Degree of 
polymenzat~on (d p ) calculated on the assumpuon that all of the reducmg power IS present m tIus 
fraction 

t- lsoteculu melpht Calrhrntron 
200.cl00 35.000 1600 200 

i 

1 t I I I I I 

45 55 65 75 85 95 105 
- C&ma Effluent (ml) 

Fig. i Molecular-weight &stnbuUons of tapioca amylose in chgests from soluble and munobzbzed 
a&ha-amyiases by g p c [A is a IO-mm &gest vnth soluble enzyme, B and C are 20- and 40-rmm 
digests, respechveIy, w& immobdzed enzyme j 
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I 
I- Molecdar welgbt Callbratlor 

200 000 3s 000 1600 -77 

4 1 + 4 

45 55 65 75 85 95 165 
Columa Effluent )ml) 

Fig 2 Molecular-weight distnbutions of tapioca amylopectm m digests from soluble and nnmobiltzed 
&ho-amylases by g p c [A IS a IO-mm &gest vnth soluble enzyme, B IS a 40-mm digest w&t ammo- 
bhzedemyme] 

Frg 3 High-pressure, bquld chromatography of a &gest (SO mm) of tapioca amylose mth xnmo- 
blued alpha-amylase, showmg the dlstabution of mako-ohgosaccharxies 
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Another srgmficant drfference between the actrvuy of the soluble and the 
mnnobrhzed enzyme 1s the rate of hydrolysis of amylose and amylopectm wrthm each 
system For example, the reducmg value (see Table I) of the 40-mm rmmoblllzed 
enzyme digest of amylose IS 5 3 (10 7/2 0) times that of the comparable amylopectm 
digest. However, when waxy-maize starch, assumed to be essentially pure amylopectm, 
was treated with the rmmobrhzed enzyme for 60 min, httle or no enzymlc degradatron 
occurred Probably httle or no taproca amylopectm was degraded by the rmmobrhzed 
enzzme durmg the &mm digest, as the low reducing-power (2 0) could have resulted 
from degradation of an amylose rmpunty Companson of the hydrolyses rates of 
amylose and amylopectm revealed that, wrth soluble enzyme, amylopectm IS 
hydrolyzed somewhat faster than amylose Also, the soluble-enzyme &gests of 
amylose and of amyIopectm contain almost rdentrcal proportrons of matenals of hrgh 
and low molecular weight, and practically no small ohgosaccharldes were detectable 
wrth the h p 1 c system used These patterns stand m marked contrast to the large 
differences m drstrrbutrons obtained with the lmmobrhzed enzyme 

CONCLUSIONS 

The results of tlus prehmmary study mdrcate that nnmobrhzed alplza-amylase 
pnmanly displays exoenzynnc actrvrty, which may be due to stenc hmdrance between 
the m-nnobrlrzed enzyme and the substrates of hrgh molecular we&t derrved from 
starch CIeavage of onIy the readny accessrble, perrphera1 D-glucosidrc linkages 
would produce small ohgosaccharrdes plus macromolecular residues The stenc effect 
1s particularly pronounced W&I amylopectm, which, rn add&on to having brgh 
molecular werght, IS hrghly branched 

The results suggest that controlled hydrolysrs of starches, particularly cereal 
starches, wrth immoblhzed amylases couId produce modified starches and ohgo- 
saccharides that can readily be separated from one another The modrfied starch 
resrdues, which would be chiefly amylopectm of hrgh molecular weight, could have 
possible value as nongelhng, tbrckenmg agents 
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