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Abstract

The neutral sugar sidechains of apple pectins were hydrolyzed by commercial hemicellulases produced from
Aspergillus niger, and the corresponding changes in solution viscosity were investigated in dilute (c< c*) and
concentrated (¢ > ¢*) pectin sclutions. Pectinase activity included in hemiceltulases was removed by Epoxy-acti-
vated Sepharose 6B affinity chromatography using polygalacturonic acid as a figand. Enzymatic hydrolysis of si-
dechains did not affect the specific viscosity of dilute (0.5%) pectin solutions, while viscosity significantly dec-
reased in concentrated (2.0~6.0%]) region. These results strongly suggest that the sidechains of pectins exist as
an entangled state in concentrated solutions. 1t was also found that in the concentrated region the extent of
viscosity reduction was dependent on pectin concentrations.
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INTRODUCTION

Pectins consist of a linear «-(1,4)-linked D-gatac-
turonic backbone, in which varying proportions of
the galacturonic carboxyl groups are present as the
methy! esters, and (1,2)-linked L-rhamnosy| residues
are inserted at intervals (1), The sidechains, consisting
mainly of D-galactose, L-arabinose, D-xylose, and le-
ss frequently D-mannose, L-fucose, D-glucose, and
the rather rare sugars 2-O~methyl-D-xyiose, 2-O-
methyl-L-fucase and D-apiose, are covalently atta-
ched to the main backbone primarily through C-4 of
the rhamnosyl residues, although substitution of the
galacturonyl residues at either C-2 or C-3 is also fou-
nd (2-4).

The sidechains of pectins include the sizable poly-
meric neutral sugar components such as arabinan, ga-
lactan and arabinogalactan of varying length {5,6), It
has been reporied that the sidechains of pectins amo-
unt to approximately 5~50% depending on the plant
sources and the extraction methods (7). These neutral
sugar sidechains are potentially significant in pectins,
because there is evidence that such branches in syn-
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thetic polymers alter significantly physicochemical
properties and in particular theological properties
primarily through their contribution 10 entanglement
formation (8-10).

Hwang and Kokini (11) reported that the sidechains
of apple pectins might be significantly entangled in
concentrated solutions and thus conferred distinct
rheological patterns depending on the degree of side-
chains. The primary objective of the present study is
to verify the intermolecular entanglements of pectins
through the sidechains in concentrated solutions.

MATERIALS AND METHODS

Materials

Apple pectins were purchased from Sigma Chemical
Co. {St. Louis, MO, USA), which were purified by cop-
per precipitation and subsequent EDTA treatment (12).
Hemicellulases {glycan hydrolase ; £C 3.2.1.} produc-
ed from Aspergillus niger were also obtained from
Sigma Chemicai Co. Epoxy-activated Sepharose 6B
affinity chromatography medium was supplied from
Pharmacia Fine Chemicals (Piscataway, NJ, USA).
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Concentration of hemiceliuiases

Ten grams of hemicellulases were dissolved in 200
ml of distilled, deionized water and centrifuged for
30min ar 15,000rpm to precipitate irmpurities out.
Then, 112.2g of (NHs)250: were added slowly to 80
% saturation at 4° C. After standing for 4h in a cold
room, the solution was centrifuged for 30min at 15,
000rpm. The precipitate was dialyzed against 10m
sodium acetate buffer (pH 4.0) for affinity chromatog-
raphy or 50mM sodium acetate buffer (pH 6.0} for rhe-
ological studies in a cold room for 24h.

Affinity chromatography (Removal of pectinases)

Preparations of Epoxy-activated Sepharose 6B affi-
ity gel and the covalent attachment of polygalact-
uronic acid as a ligand were carried out according to
the protocol supplied by Pharmacia Fine Chemicals
(13). Epoxy-activated Sepharose 68 was swelled wi-
th 1L of distilled, deionized water on a sintered glass
filter for th. Ligand solutions were prepared by di-
ssolving 1.5g of polygalacturonic acid in 50ml of 0.1
M coupling borate buffer (pH 11.0). The hydrated af-
finity gel suspension was mixed with polygalacturo-
nic ligand solution, pH of which was adjusted to
11.0 with 5N NaQH. After shaking for 24h at 35°C
in the water bath, the remaining unreacted groups of
the affinity gei were blocked with 100m! of 1M of
ethanclamine for 4h at the room temperature. Then,
the excessive ligand and ethanolamine were washed
out thoroughiy by washing with 0.1M coupling bora-
te buffer (pH 11.0) followed alternatively by G.1M
borate buifer (pkH 8.0} containing 0.5M NaCl] and 0.1
M sodium acetate bufferipH 4.0} containing 0.5M
NaCl. The resulting affinity gel was suspended in 10
mM sodium acetate buffer (pH 4.0} and packed into
a 1.6 % 20cm column.

The hemicellulase soiution (1.0ml} concentrated by
{NH4)2504 precipitation was loaded to the affinity
chromatt)grapﬁy column previously equilibrated with
10mM sodium acetate buffer (pH 4.0), and the colu-
rmn was washed with 100ml of the same bufter on a
flow rate of 15ml/h. The elutes were collected and
dialyzed against 50mM sedium acetate buffer {pH 6.0
for rreclogical studies. Affinity gel was regenerated by
washing with 0.1M sodium acetate buifer (pH 6.0) as

suggested by Rexova-Benkova and Tibensky (14).

Preparation of substrates for pectinase assay

Palygalacturonic acid (Sigma Chemical Co.), em-
ployed both as substrates for the assay of pectinase
activities (polygalacturonase and pectate tyase) and as
a ligand of affinity chromatography, was purified by
washing with 60% ethanol containing 5% (v/v) HC
and then 60% and 95% ethanol (15). Citrus pecting
{Sigma Chemical Co.), employed as substrates for the
assay of pectin iyase and pectinesterase, were purified
by copper precipitation followed by EDTA treatment
(12).

Characterization of pectins

Anhydrogalacturonic acid (AGA) content of pectins
was determined by the m-hydroxydipheny! method
of Blumenkrantz and Asboe-Hansen (16). Methoxyl {-
OCH3) cortent of pectins was measured hy the enzy-
matic method using alcohol oxidase as described by
Klavons and Bennett {17), and the corresponding deg-
ree of esterification (DE) of pectins was calculated
from AGA and methoxy! content (12,18} Gas chrom-
atography was employed to identify and quantify the
neutral sugar constituents of pectins as their alditol
acetate derivatives (19,20).

The chemical composition of apple pectins is pre-
sented in Table 1 in conjunction with that of enzyme

Table 1. Chemical composition of polygalacturonic acid
(PGA), apple and citrus pectins

Components Apple'  Citrys

7113 73.65

AGA (% w/w) 94.64 98.91

Methoxyl (% w/w) nd* nd 8.06 1017

DE* (%) nd nd 64,33 78.40

Neutral
Sugars (% w/w) 6.24 1.32 12,07 5.76
Rhamnose 1.51 0.22 3.10 1.01
Arabinose 0.30 nd 0.80 1.71
Xylose 0.25 nd 2.89 .10
Galactose 3.76 0.70 4.68 2.3
Glucose 0,42 0.40 0.60 0.63

"not detected

‘Data from Hwang et af, (20
* Anhydrogalacturonic acid
Degree of esterification
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substrates, i.e., polygalacturonic acid (PGA) and citr-
us pectins, It can be seen that original commercial
polygalacturonic acid was significantly contaminated
with neutral sugars, which may interfere with galactu-
ronic acids released by polygalacturenase action dur-
ing enzyme assay. However, after purification with
5% acid alcohol, approximately 99% purity of galac-
turonyl residues was chserved with the absence of
methoxyl content. It is most probable that the neutral
sugar constituents of purified PGA are the integral
part of pectin molecules.

Assay of pectinase activity

Poilygalacturonase activity was assayed as foliows
{21) : Mixtures of 0.2mi of 0.5% purified polygalactu-
ronic acid in 30mM sodium acetate buffer(pH 4.5)
and 0.2ml of hemicellulase solution were incubated
for 30min at 37° C. Enzymatic reaction was terminat-
ed by adding 2ml of G.TM borate buffer (pH 9.0, Af-
ter adding 0.4ml of 1% 2-cyanocacetamide solution,
the mixtures were heated for 10min ar 100° C and
cooled for 10min in a ice-water bath. Then, the abs-
orbance was measured at 276nm using heated en-
zyme solution as a blank. The standard was obtained
by 0~400nmoles of galacturonic acid in 0.2ml of 50
mM Na-acetate buffer{pH 4.5) by the same procedure
as described above. A unit of polygalacturonase acti-
vity was defined as the amount that catalyzed the rel-
ease of 1nmote of galacturonic acid per min at 357 C.

Polygalacturonase activity was also detected by vis-
cometric measurements. Mixtures of 8m! of 1% puri-
fied polygalacturonic acid in 50mM sodium acetate
buffer (pH 4.3} and Zmi of hemicellulase solutions
were incubated for appropriate times. Then, 8ml of
samples were applied to Cannon-Fenske capillary vi-
scometer 10 measure viscosity changes.

Pectate and pectin lyase activities were determined
spectrophotometrically by measuring the increment
of absorhance at 235nm according to the method of
McMillan and Phaff(22) and Albersheim (23), respec-
tively. Pectinesterase activity was measured by the
method of Thibault and Mercier (24).-

Protein content of enzyme solution was colorimet-
rically determined by using a Bio-Rad (Richmond,
CA, USA} protein assay kits prepared on the basis of

Coomassie-blue dye-binding method (25). Bovine se-
rum atbumin was used as the standard for protein
assay.

Rheological measurements

Dilute pectin solutions were prepared by dissolv-
ing 0.05g of apple pectins in 8mi of 50mM sodium
acetate (pH 6.0} for Th, in which 2mi of hemicellul-
ase solution for a sample or 2ml of buffer for a cont-
rol was added. Therefore, the final pectin concentra-
tion was kept constant at 0.5% {w/v). After incubat-
ing the mixtures for 12h at 30" C, 8ml of solution was
transferred to the Cannon-Fenske capillary viscomet-
er for the determination of specific viscasity () as
foltows

Nsp=n-1s)/1s

where n is the viscosity of solution, and s is the vis-
cosity of solvent. .
Concentrated pectin sclutions were prepared by
dissoiving the appropriate amount of apple pectins in
8ml of 50mM sodium acetate bufier (pH 6.0) for 2h,
and then 2ml of enzyme solutions or 2ml of buffer
was added to adjust the final pectin concentration,
After incubating 12h at 30° C, shear viscosity was me-
asured by a Rheometrics Fluid Spectrometer (Rheo-
metrics Inc., Piscataway, NJ, USA). A cone and plate
geometry with cone angle of 0.0196 radiar. and radi-
us of 25mm was used for the measurements, and the
gap size was 50 microns. The shear rates ranged from
0.1 to 100 sec™ with 5 data points per log cycle, The
experiments were conducted at 25+1° C. Steady
shear viscosity is reposted as a function of shear rate.

RESULTS AND DISCUSSION

Purification of hemicellulases

Hernicellulases are the group of hydrolytic enzym-
es responsible for the degradation of complex poly-
saccharides known as hemicelluloses (26} Thus, in
this research the hemicellulosic sidechains of pectins
were hydrolyzed enzymatically by using commercial
hemicellulases produced from Aspergillus niger. Ho-
wever, it should be noted that hemicellulases emp-
loyed should be free of pectinases which can depol-
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ymerize the main backbone {polygalacturonase, pec-
tin lyase and pectate lyase}, or modify degree of este-
rification {pectinesterase) of pectins,

Ammonium sulfate ((NH4]2504) precipitated hemic-
sllulases used in this research possessed some polyg-
alacturonase activity {specific activity : 0.35nmoles
/ pg protein/min), which can depolymerize the main
backbone of pectin melecules. In contrast, pectin fya-
se, pectate lyase and pectinesterase activities were
not detected. The results are consistent with the repo-
it of Thibault and Rouau (27} Since this research aims
at elucidating exclusively the role of the sidechains of
pecting, it is required to eliminate polygalacturonase
activity 50 that the main backbone of pectin molecul-
es remains intact after treating hemicellulases.

Fig. 1 shows that 80% (NH4)2804 fractionated hem-
icelulases greatly reduced the specific viscosity of
1.0% polygalacturonic acid solutions due to its poly-
galacturonase activity, whereas hemicellulases after
affinity chromatography did not affect the specific vis-
cosity. This indicates that affinity chromatography us-
ing polygalacturonic acid as a ligand successfully eli-
minated polygalacturonase from hemicellulases,

Utitization of affinity chromatography for purifying
pectinases was first inrroduced by Rexova-Benkova
and Tibensky (147, who used a bifunctional reagent,
ephichrohydrin {chloromethyloxirane), to produce the
insoluble adsorbent matrix of pectic acid (polygalac-
wronic acid) by cross-linking. They reported that en-
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Fig. 1. Viscometric assay of polygalacturonase activity of he-
micellufases.
O— 1 with purification (orotein © 3.92ug /ml)
®—&: withoul purification {protein = 3.58ug /mi}

do-polygalacturonase produced by Aspergilius niger
exhibited biospecific affinity toward cross-linked pec-
tic acid. The same procedure has been employed to
separate pectinases from a variety of plant and micro-
bial sources (28-30)

Rheological changes

Fig. 2 shows zero-shear viscosity (7o} as a function
of pectin concentration. It can be seen that 1o is dras-
tically increased approximately above 1.0% concent-
ration, indicating the transition from dilute to <once-
ntrated region at 1.0%. As the pelymer concentration
increases, a transition concentration {c=c*) at which
the polymer chain coils begin to overlap. n dilute re-
gion {c< ¢*) molecules behave independentiy without
contacting other molecules, whereas significant inter-
malecular entangtements through sidechains as well
as backbone occur in concentrated region (c>¢*)
(10,31,32). Therefore, above ¢>c* the viscosity incr-
eases very rapidly with increasing concentration, and
at the same time the viscosity becomes more shear
rate dependent(37), Consequently, in this research
0.5% and 2.0~6.0% were selected as dilute and con-
centrated regions, respectively, to understand the in-
fluence of sidechains of pectins on solution proper-
ties. ‘

Fig. 3 shows the changes in msp of 0.50% apple
pectin solution after treating hemicellulases with or
without purification using affinity chromatography. It
can be seen that hemicellulases without purification

M, (cp)

s L L,

1072 1971 1¢0 10! 192

Pectin Concentration (%)

Fig. 2. Zero-shear viscosity(7.) of apple pectins as a function
of concentration,
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reduced significantly 1w, since they contained poly-
galacturonase activity depolymerizing the main back-
bone of pectins. However, 11 was not nearly affect-
ed by hemiceilulases undergone though affinity chro-
matography and thus devoid of polygalacturonase.
These results suggest that debranching does not affect
the solution viscosity in dilute apple pectin solution.
A similar trend was observed in galactomannan which
consists of mannan backbone and single galactose si-
dechains. McCleary et al (33} demonstrated that the
enzymatic removal of single galactose sidechains did
not affect significantly the specific viscosity of locust
bean and pguar galactomannan in dilute solution.
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Fig. 3. Effect of hemicellulases on the specific viscosity (1s)
of 0.5% apple pectin solution.
O—C: with purification (protein : 3,92 ug/ ml)
®—®: without purification [protein: 3.58ug/ml)

102
m
»
Q
& 101:
= !::222‘:’“0
* s 5 3 A 3 s
L]
100 1 ol
10° 7 10° 19! 107
T (s)

Fig. 4. Effect of purified hemicellulases on the viscosity of
4% apple pectin solution,
O—(: without enzyme
@—@: with enzyme (protein: 3.92ug/mi)

These results are not surprising, because sidechains as
well as main backbone of polymers are not associ-
ated with molecular entanglements in dilute regions.

tn contrast, Fig. 4 shows a significant decrease in
shear viscosity by treating purified hemicellulases on
4% concentrated pectin solution. Since hemicellulas-
es treated with affinity chromatography did not affect
the main backbone of pectin molecules, the decrease
in viscosity of 4.0% pectin solution is only attributable
to disruption of the neutral sugar sidechains. These
results strongly indicate that the sidechains are invol-
ved in entanglements of pectin molecules in concen-
rrated region. If the sidechains are not associated
with entanglements of pectin mofecules in concentra-
ted region, solution viscosity should be same even
after applying hemicellulases. This explains why ap-
ple pectins exhibit distinct rheological properties
depending on the branching degrees which affects
the intermolecular entanglements (11).

In this research the effect of pectin concentration
on rheological changes induced by enzymatic hydro-
lysis of sidechains was also investigated as a function
of concentration. As shown in Fig. 5, the concentra-
tion effect can be divided into 3 distinct regions. At
the region 1 of 2.0~4.0% pectin concentrations, a line-
ar relationship existed between enzymatically induced
viscosity reduction and pectin concentration. The res-
uits are consistent with Graessley’s argument (34) that,
as the polymer concentration increases, the number
of entanglements increases correspondingly. At the
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Fig. 5. The reduction of zero-shear viscosity (1) by enzyma-
tic hydrolysis as a function of pectin concentration.
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region |}, however, the rate of viscosity reduction was
significantly diminished with increasing concent-
ration. This can be interpreted that the freedom of
movement of the individual chain segments becomes
restricted with increasing concentration and consequ-
ently, the rate to form new entanglements is reduced
(34). At the region lIt, the viscosity reducing tendency
was rather reversed, It is most probable that hemicel-
lulases have the limited accessibility to sidechains
because of high viscous system at 6.0% concentration.
it was not successful to prepare pectins solutions
above 6% concentration due to insufficient solubiliza-
tion of pectins. Further studies are necessary to inves-
tigate in depth the entanglement density influenced
by the sidechains as a function of pectin concentra-
tions.
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