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Abstract-Pectic substances from cherry fruits (Prunus auium) were studied after extraction and purification. They 
were subjected to p-elimination by heat treatment and depolymerized by endopolygalacturonase from Aspergihs niger. 
The degraded pectins were fractionated by gel permeation chromatography (Sephadex G-100, Bio-gel P2). The results 
suggest that the pectic substances largely consist of an a-bgalacturonic backbone interspersed with occasional L- 

rhamnosyl residues. Neutral sugars as side-chains of varying lengths appear to be concentrated along certain regions of 
the polymer (‘hairy’) in contrast to side-chain free (‘smooth’) parts. 

INTRODUCTION 

The structure of pectic substances is based on a backbone 
of 1,4-linked a-Dgalacturonic acid (or its methyl ester) 
interspersed by 2-linked L-rhamnosyl residues [l-3]. 
Neutral sugars, as side-chains, are covalently linked to the 
rhamnogalacturonan via the C-3 of galacturonosyl [44] 
and/or the C-4 of the rhamnosyl residues [2,3,7,8]. Side- 
chain sugars are predominantly galactose and arabinose 
forming galactan, arabinan and/or arabinogalactan poly- 
mers. Covalent bonds between galactose and galacturonic 
acid and between arabinose and galacturonic acid [9-l l] 
have been found. Xylose [4, 5, 12-141 is also covalently 
attached to the C-3 of galacturonic acid residue and rare 
sugars, such as apiose [15, 161, fucose, methyl-fucose or 
methyl-xylose [lo, 161 have been identified in some pectic 
substances. These structural features have been exten- 
sively studied by methylation analysis of aldobiuronic 
acids obtained after mild acid hydrolysis and of pseudo- 
aldobiuronic acids obtained from degradation by crude 
[4, 121 or purified enzymes [S, 7,8, 16-J. In contrast, little 
attention has been paid to two important structural 
aspects of pectic substances. It is not known how the 
methyl esters are distributed along the backbone and the 
literature is scanty on the number ofdifferent side-chains, 
their length and their distribution along the main chain. 

In a preceding paper [17], extraction and characteriz- 
ation of pectic substances from cherry fruits (Prunus 
aGum) were described. Four pectic fractions were ob- 
tained by extraction successively with water at room 
temperature, by oxalate at room temperature, by hot 
(lOO”) 0.05 M hydrochloric acid and cold (4”) 0.05 M 
sodium hydroxide from an alcohol-insoluble residue. This 
paper deals with the enzymatic and alkaline (fi- 
elimination) degradation of these fractions. 

RESULTS AND DlSCUSSlON 

Purification 

Water-soluble pectins (WSP) and alkali-soluble pectins 

(OHP) were purified by preparative ion-exchange chro- 
matography on DEAE-Sepharose-CL-6B in order to 
eliminate the contaminating neutral polysaccharides. The 
recoveries, expressed in percent of original galacturonides 
were 90.1 and 55.8 for the WSP and OHP, respectively. 
Analytical ion-exchange chromatography showed that 
their content in neutral contaminating polysaccharides is 
lower then than 4y0. Oxalate-soluble pectins (OXP) and 
acid-soluble pectins (HP) were used as extracted since 
their content in contaminating polysaccharides is lower 
than 1% [17]. 

The degrees of methylation of WSP and OHP were not 
significantly changed after purification. The same sugars 
were present in the four pectins, arabinose being the most 
important one, followed by galactose. An unknown sugar 
was found in the hydrolysates with the same retention 
time in GC as 2-deoxyglucose [17]. OXP is characterized 
by a low content in neutral sugars (0.335 mols/mol 
galacturonic acid residues) in contrast with the WSP 
(0.858 mols/mol galacturonic acid residues), while HP and 
OHP contain ca 0.47 mols of neutral sugar residues per 
mol of galacturonic acid residues. The level of rhamnose 
in OXP and OHP is half that of WSP and HP indicating 
that OXP and OHP are more typically linear macromole- 
cules since the rhamnose residues kink the polygalactu- 
ronic backbone. O’Beirne et al. [ 1 S] reported also that the 
EDTA-soluble pectic substances from apple were lower in 
neutral sugar and particularly in rhamnose than the 
water-soluble ones. However, pectic substances isolated 
from cherry are richer in neutral sugars as a whole than 
apple pectic substances [18, 191. 

/SElimination 

WSP, OXP and HP underwent /&elimination through 
heat treatment [l] at 80” and pH 6.8. The resultant 4,5- 
unsaturated galacturonic acid residues in the reaction 
mixture were then estimated by A at 235 nm. The A 
increased linearly up to 556 hr reaction time and after 9 hr 
the solutions were cooled to room temperature and the 
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pH was brought to 4 by 0.1 M hydrochloric acid in 
order to stop the reaction. Assuming that the molar 
extinction coefficient for the esterified 4$unsaturated 
galacturonic acid residue is 5500 M-’ cm-’ [20], it can 
be calculated that the percentage of r-1,4-linkages split 
was about 3 for the WSP and about 4 for the OXP and 
HP. These low values can be explained by the fact that at 
high temperatures and neutral pH, b-elimination and 
saponification are competitive reactions. P-Elimination 
occurs next to an esterified galacturonic acid residue and 
is, therefore, hindered when methylated carboxylic groups 
are saponified [21, 221. 

The reaction mixtures were fractionated on Sephadex 
G-100 as shown in Fig. 1. The chromatograms obtained 
for WSP, OXP and HP show two quite different polysac- 
charide populations (Table 1). The fraction excluded from 
the gel is weakly acidic (2.9-l 1.2 ‘:,, of total galacturonides) 
and contains mainly neutral sugars (53.1-71.6 ‘>,, of total 
neutral sugars). The fraction eluted in the fractionation 
range of the column, is composed mainly of galacturo- 
nides (88.8-97.1 ysO of total galacturonides). The former 
fraction represents, therefore, higher MW molecules with 
3.1 (HP) to 11.7 (WSP) mols of neutral sugar residues per 
mol of galacturonic acid residues and the latter fraction is 
a degraded galacturonan containing only 0.1 (OXP) to 0.3 

,- 
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Fig. 1. Gel-permeation chromatography of heat-eliminated pec- 
tins on Sephadex G-100. Heat-eliminated pectins were applied to 
a Sephadex G-100 column (92 x 1.5cm; V, = 147 ml; V,, 

= 48 ml) equilibrated with 0.1 M acetate buffer pH 4. (0) 

Galacturonic acids, (0) neutral sugars. WSP, Water-soluble 

Pectins; OXP, oxalate-soluble pectins; HP, acid-soluble pectins. 

Table 1. Characterization of the fractions obtained by p- 

elimination of pectic substances from cherry extracted with water 

(WSP), oxalate (OXP) and hydrochloric acid (HP) 

WSP OXP HP 

Fraction excluded 

from the Sephadex 

G-100 column 

IX,, < 0.1) 
“,‘, of total AGA 

‘$ of total NS 
Molar ratio NS-AGA 

Included fraction 

(K,, > 0.1) 
To of total AGA 

Y, of total NS 

Molar ratio NS-AGA 

4.5 

71.6 
11.7:1 

95.5 

28.4 

0.2:1 

2.9 Il.2 

55.5 53.1 

5.0: 1 3.1 : 1 

97.1 88.8 

44.5 46.9 

O.l:l 0.3: 1 

AGA, Anhydrogalacturonic acid. 

NS, Neutral sugar (as anhydroglucose) 

(HP) mols of neutral sugar residues per mol of galactu- 
ronic acid residues. These results suggest that neutral 
sugars are not regularly distributed along the pectic 
backbone, since they are mainly concentrated on less than 
11.2”; of the galacturonides. forming blocks along the 
galacturonan backbone. The structure of cherry pectic 
substances could be, therefore, idealized by the amalgam- 
ation of ‘hairy’ and ‘smooth’ regions. The fact that the 
‘hairy’ regions are eluted at the void volume of the 
Sephadex G-100 column suggests the presence of long 
side-chains. Similar results were found for pectic sub- 
stances heat-degraded by j-elimination from apple [I] 
and from soy sauce [5]. 

Enzynic degradation 

WSP, OXP, HP and OHP were submitted to the action 
of an endopolygalacturonase (endoPG) from Aspergillus 
niger. The appearance of reducing groups was quantified 
and the extent of hydrolysis of a-1,4-linkages was calcu- 
lated as a function of reaction time (Fig. 2). The course of 
hydrolysis was fast in the first stages of the reaction 
( < 1 hr) and became very slow after 10 hr of reaction time. 
The final percentages of hydrolysis were 26.6, 19.1, 14.2 
and 12.2 :‘,,, for the OHP, OXP, WSP and HP, respectively. 
This order corresponds to increasing degrees of methy- 
lation [17] and it is known that endoPG splits r-1,4- 
linkages between non-esterihed galacturonic acid residues 
[23]. The extent of degradation of HP and WSP is close to 
that reported for commercial apple pectin with a similar 
degree of methylation (64.6 “,,) but the final percentage of 
hydrolysis of OXP is higher than that obtained with a 
commercial apple pectin of a degree of methylation of 
52.4’1, [24]. The reasons could be either a blockwise 
distribution of the methoxyl groups for the OXP in 
comparison with commercial pectin or a different distri- 
bution of side-chains along the rhamnogalacturonan. The 
low degradation of the non-methylated OHP can only be 
ascribed to the presence of side-chains which apparently 
hamper the action of the enzyme. 

After heat inactivation of the endoPG, the reaction 
mixtures were dialysed against water. The dialysates vvere 
concentrated under vacuum at 35 and chromatographed 
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Fig. 2. Hydrolysis of pectins by endopolyga\acturonase. 
React& mixtures contain pec<ic su&&ne~s (U.2 %, W{V ), ~CCUVC 
buffer (0.05 M, pH 4.2) and enzyme (2 nkat/ml). Incubation was 
carrried out at 30”. Percentage of hydrolysis was measured from 
the increase of reducing groups. WSP, Water-soluble pectins; 
OXP, oxalate-soluble pectins; HP, acid-soluble pectins; OHP, 

alkali-soluble pectins. 

on Bio-gel P2 while the material which cannot dialyse was 
chromatographed on Sephadex G- 100. 

Efiluents from Bio-gel P2 (Fig. 3) were continuously 
detected for their neutral sugars and galacturonide con- 
tents (see Experimental) without correction for the inter- 
ference doe to acidic sugars during the determination of 
neutral sug?irs. The c&omaCogmrns S&V+ rnaI?AaI ex- 
eluded from the gel and a series of peaks l-8 with the 
same elution volumes as oligogalacturonides of degree of 
pcojYmei>za%on ti > -% F 01 eahpeak, ‘ine Ta%oberween 
the area obtained from the galacturonides detection and 
the area obtained from the orcinol detection is constant 
and equal to the ratio calculated under the same con- 
ditions for a galacturonic acid standard. This shows that 
these peaks correspond to true oligogalacturonic acids. 
The content in these oligogalacturonides varies from 
2%;; @‘YP#?_Z?&,q; (~~P~~~t~~~~~~g~~~~~~~~~~ 
The materiaIs eIuted at the void volume of the coIumn 
ccon’lam an~~~bro~d~acInron’~c acihs>\,Sr>A%,*$ OE I~helolb 
g&iC&il-~ti&~~ *iI+ LK%YL~~ SS~VLY ,+%>+.Y>; > 

Higher MW fragments of endoPG-degraded pectic 
substances were applied to a Sephadex G-100 column and 
fractionated into two chemically different populations 
(Fig. 4). By combination of results from Bio-gel P2 and 
Sephadex G-100 fractionations the enzyme treated pectic 
substances can be separated into three classes (Table 2). 
The first one is an homogalacturonan which arises from 
29.3 9, (OXP) to 50.6 y+, (OHP) of total galacturonides; the 
seecona one. emIe8 al Ynevtijb voSume 05 Bio-g&P2 orin 
the fractionation range of the Sephadex G-100 column, 
contains 0.8 (WSP), 0.3 (OXP and HP) or 1.3-9.1 (OHP) 
mols of neutral sugar residues per mol of galacturonic acid 
rts&Ks. T& <+J& WC, C&&A fin-. <+K +%++,a&_~.. G- 
100 column, is weakly acidic (2.3-7.5 “/ of total galacturo- 
nides) and contains mainly neutral sugars (26.2-50.6 “/, of 
tcoIa5 nenVa> su~ars).‘lheseva~~es~~~~ng~o~~e number di 
mols of neutral sugar residues per mol of galacturonic acid 
residues vary from 3.1 (OHP) to 14.6 (WSP). These 

250 

elution volume,ml 

Fig. 3. Gel-permeation chromatography on Bio-gel P2 of low- 
MW fragments of endopolygalacturonase-degraded pectins. 
Degraded pectins were dialysed. The dialysates were con- 
centrated and aliquots (2mg) were injected on the Bio-gel P2 
column (203 x 2 cm) equilibrated at 65” with 0.1 M acetate 
bufier, pH 3.6. The eIuate was continuously analysed; (--) A at 

520 nm (m-hydroxydiphenyl method); (-) A at 425 nm (or- 
cinol method). V,, Void volume; 1-B refers Co degrees OF 
pcAymai2aiion ofo~igo@~atiu1oni&. WC%, Wave -30Wrk pi- 

tins; OXP, oxalate-soluble pectins; HP, acid-soluble pectins; 
OHP, alkali-soluble pectins. 

WSP I OXP 

HP I 
. . 

I 
OHP 

elution volume.ml 

Fig. 4. Gel-permeation chromatography of endopoly- 
~,.&s~,~,*&g*C *& %?m &&A &~?&J< 
pectins were applied to a Sephadex G-100 column (92 x l.Scm; 
V, = 147 ml; V. = 48 ml) equilibrated with 0.1 M acetate 
bus er pDH 4. ) ,> Ga>acl-ur o& ati% ) D> neutla1 s>mTs, WSP , 
Water-soluble pectins; OXP, oxalate-soluble pectins; HP, acid- 

soluble pectins: OHP, alkali-soluble pectins. 
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Table 2. Characterization of fragments from endopolygahrcturonase-treated cherry 

pectic substances extracted with water (WSP), oxalate (OXP), hydrochloric acid (HP) 
and sodium hydroxide (OHP) 

WSP OXP HP OHP 

Oligogalacturonides* 
(DP = l- 8) 
‘I0 of total AGA 

Low-MW fragments+ 
0” of total AGA 

“() of total NS 

Molar ratio NS-AGA 

Intermediate MW 

Fragments% 

‘I0 of total AGA 

IJo of total NS 

Molar ratio NSAGA 

Highest-MW fragments6 
“(, of total AGA 
“; of total NS 

Molar ratio NSAGA 

29.8 29.3 42.5 50.6 

4.3 5.1 6.8 1.5 

4.7 7.4 5.6 14.9 

0.9: 1 0.5: 1 0.3: I 9.1:1 

63.6 63.0 45.5 40.4 

56.1 53.7 43.8 58.9 

0.8:l 0.3:l 0.3: I 1.3:l 

2.3 2.6 5.2 7.5 

39.2 38.9 50.6 26.2 

14.6: 1 5.7: 1 3.5: 1 3.1:1 

* Obtained from Bio-gel P2 chromatography. 

tobtained from Bio-gel P2 chromatography (fraction excluded from the gel. K,, 

< 0.1). 

$Obtained from Sephadex G-100 chromatography. 

§Obtained from Sephadex G-100 chromatography (fraction excluded from the gel, 

K,, d 0.1). 

AGA, Anhydrogalacturonic acid. 

NS. Neutral sugar (as anhydroglucose). 

features confirm the results obtained by /?-elimination and 

show that neutral sugars can be found either as long side- 
chains or as shorter side-chains. EndoPG is not able to 
hydrolyse trigalacturonic acid 1241. If we assume that 
there are at least four contiguous galacturonic acid 
residues between two side-chains, it can be calculated that 
the long side-chains have an average degree of polymeriz- 
ation of 12-60 and the short side-chains of ca 14 Studies 
on pectic substances have not been generally carried out in 
order to determine whether the neutral sugars are long 
chains or short side-chains [9]. Nevertheless, the presence 
of long homo-arabans has been suggested by Talmadge et 
al. [25] in pectic substances from sycamore cell-walls 
while galactans with degree of polymerization of 8 [ 131 or 
12 [26] to 14 [2] or longer [9] have been obtained. 
McNeil ct ul. [3] reported that the mean side-chain 
length of the rhamnogafacturonan 1 obtained by endoPG 
treatment of sycamore primary cell-wails was ca 6, while 
Knee ct al. [27] observed that fragments of endoPG- 
treated apple cell-walls contained two distinct side-chains: 
relatively long ones (cu 38 residues) composed of ara- 
binose and short ones (less than 6 residues) composed of 
galactose. Very recently, De Vries et al. [2X] have 
degraded purified apple pectic substances by pectin-lyase 
and pectate-lyase. They show that more than 90<:, of the 
galacturonic acid residues are free of neutral side-chains. 
They conclude that neutral sugars are concentrated in 
‘hairy’ regions, which exist along with ‘smooth’ (homogal- 
acturonic) regions. Our results are in concordance with 
this model. but cherry pectins are richer in neutral sugars 
than apple pectins which have side-chains of a homoge- 
neous average degree of polymerization of CLI 15. The 

‘hairy’ regions of cherry pectins can be divided in two 
types distinguishable by the length of the side-chains. 

EXPERIMENTAL 

Pectic substances. Four pectic fractions were extracted from 

cherry fruits as described previously [17] using, successively, 

H,O (to give H,O-soluble pectins, WSP), oxaiate (OXP). hot 
0.05 M MCI (HP) and cold 0.05 M NaOH (OHP). 

Analysis. The anhydrogalacturonic acid and total neutral 

sugars (expressed as anhydroglucose) Were determined by the 

m-hydroxydiphenyl method [29] and the orcinol method [30], 

respectively. Neutral sugars were corrected for interference from 

galacturonic acids in the orcinol method. Degrees of methylation 

were calculated from the OMe content [31] and the anhydro- 

galacturonic acid content. Individual neutral sugars were de- 
termined by CC 1321. Samples were hydrolysed with tri- 

Auoroacetic acrd (2 M. 120 . 1.5 hr) 1331. 

Enzymafic h_rdro/y.sis. Each reaction mixture contains pectic 

fraction (0.2 “,,, v..‘v) NaOAc butfcr (0.05 M. pH 4.2) and endo- 

polygalacturanase (endoPG) (2 nkat;ml) from AsperyiUus niger 

purified as described elsewhere 124. 341. 1 nkat produces from 

polygalacturonic acid I nmol of reducing groups (as galacturonic 

acid) per set [34]. Incubation was carried out at 30 and 

periodically, the formation of reducing groups was measured by 

Nelson’s method [35] using galacturonic acid as standard. 

Percentage of hydrolysis was calculated from the increase of 

reducing power. 

/I-Eliminution. Pectic fractions (WSP. OXP, HP) (0.5 ‘lo, w/v) in 
NaPi buffer (0.1 M, pH 6.8) were treated at X0 [I]. At appropriate 
intervals. 0.2 ml of the reaction mixture was diluted with 3 ml 

H,O and 4 at 235 nm measured. 
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(Gel chromato~r&~, Ion-excba-e chromakography 0~ 
DEAE-Sepharose CL-6B {Pharmacia) was performed according 
to ref. Cl?]. 

The Sephadex G-100 (Pharmacia) column (92 x 1.5 cm) was 
eluted in ascending direction with 0.1 M NaOAc buffer pH 4 
(ionic strength, 0.1) at 13 ml/hr. The total vol. (V, = 147 ml) and 
the void vol. (V, = 48 ml) were determined with galacturonic 
acid and commercial apple pectin (degree of methylation 
= 72.9 %), respectively. The K,, was calculated as (Y, - I’,)/( V, 
- V,). Samples of degraded pectic substances in the same buffer 
(up to 2 mg) were injected and fractions (3.5 ml) were analysed for 
th& &,z&x~~~ tid a& XX&.X,< Y~,Z.I <*f&7& ^J +& 
m-hydroxydiphenyl and orcinol methods, respectively. 

Chromatography on Bio-gel P2 (Bio-Rad) was performed 
according to ref. [36]. Low-MW products (co 2 mg) were injected 
into the column (203 x 2 cm) and the eluate was analysed 
continuously by the m-hydroxydiphenyl and by the orcinol 
m&DO&, )u, asjpnol )b L@@ o’i tie e&ml WztsjnUDhncebinlo 
each analytical line in order to obtain the curves of A at 520 nm 
(m-hydroxydiphenyl) and at 425 nm (orcinol) as a function of 
elution time. No correction was made for the interference of 
acidic sugars during the orcinol detection. 

A&nmv\e~gemenl--I wish ‘lo thank Dr. F. M. F\om\oouls 
(Agrjcultural University of Wagenjngen, The Netherlands) for 

his help in the preparation of the manuscript. 
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