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Abstract

A method was developed that enabled the study of non-esterified galacturonic acid sequences (so-called blocks) in
pectin. Endopolygalacturonase of Kluyveromyces fragilis was used to extensively degrade pectin, and the composition
of the galacturonic acid molecules produced was determined with high-performance anion-exchange chromatography
at pH 5. With this technique, the amount of non-esterified mono-, di-, and trigalacturonic acid released was
determined. In addition, the relative amounts of methyl-esterified oligomers — up to 10 galacturonic acid residues
— could be observed. By comparing the percentages of non-esterified mono-, di-, and trigalacturonic acids released,
pectins with large enzyme-degradable blocks could be distinguished from pectins with small enzyme-degradable
blocks. High percentages of mono- and digalacturonic acid were found for pectins containing small non-esterified
blocks. The total area of all peaks corresponding to methyl-esterified oligomers was found to be indicative for the
distribution of these blocks. The higher the ratio of the methyl- to non-esterified peak areas, the more closely
associated blocks are present. Randomly esterified pectins, with degrees of methyl esterification of 50 and higher,
contained smaller, more clustered blocks than commercial extracted pectins of comparable degrees of esterification.
The approach developed enables a very detailed study of the methyl-ester distribution of pectin to be carried out and
is a very important addition in the study of the functional behavior of this complex polymer. © 2000 Elsevier Science
Ltd. All rights reserved.
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of their excellent gelling and thickening prop-
erties [3,4]. The dominant feature of pectin is a
linear chain of a-(1 —»4)-linked D-galacturonic
acid units in which varying proportions of the
acid groups are methyl esterified. This ho-
mogalacturonan backbone is occasionally in-
terrupted by rhamnose-rich regions, which can

1. Introduction

Pectins are of interest both because of their
structural role in plant tissue [2] and because

Abbreviations: DM, degree of methyl esterification; DP,

degree of polymerization; endo-PG, endopolygalacturonase;
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be highly substituted with neutral sugar-rich
side chains [5]. Uninterrupted homogalacturo-
nan regions with a degree of polymerization
(DP) of about 70—100 units have been iso-
lated from various plant tissues [6,7]. Varying
portions of the galacturonic acid regions are
present as methyl esterified. Because the pat-
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tern of methyl esterification is very important
for the rheological and gel-forming properties
of pectin, it has been the subject of many
studies [3,4]. Previous investigations of the
methyl-ester distribution of pectin have in-
cluded NMR spectroscopy [8,9], calcium bind-
ing [10], enzymatic [1,7,11-14], and chemical
approaches [7,15].

With purified pectolytic enzymes, detailed
information on the methyl-ester distribution
or the distribution of the enzyme-degradable
sites over the pectic backbone can be ob-
tained. For a correct interpretation of the
results, sufficient knowledge of the enzyme’s
mode of action as well as detailed information
on the methyl-ester and galacturonic acid con-
tent of the degradation products is required
[1,7]. Over the years, pectin-degrading en-
zymes have been studied extensively [16]. In
particular, the active site of the homogalactur-
onan-degrading enzyme endopolygalactur-
onase (endo-PG) has been characterized in
detail [17,18]. For determination of the methyl
and galacturonic acid content of the endo-PG
degradation products of pectin, a high-perfor-
mance  anion-exchange  chromatographic
(HPAEC) method has been developed [19].
Here, the non- and partially methyl-esterified
degradation products are separated at pH 5
with a sodium acetate gradient, followed by
postcolumn sodium hydroxide addition to al-
low pulsed amperometric detection. With this
technique, the elution profiles of endo-PG
degradation products of pectins varying in
degree of methyl esterification (DM) and
methyl-ester distribution were studied [1]. The
endo-PG of Kluyveromyces fragilis was used
to extensively degrade pectin and the total
amount of non-esterified galacturonic acid lib-
erated was determined. It was demonstrated
that this could be used to differentiate pectins
with a similar DM and a distinct methyl-ester
distribution [1]. As endo-PG requires a se-
quence of non-esterified galacturonic acid
residues (a so-called block) to act, pectins that
contain large amounts of these ‘endo-PG
degradable’ blocks can be distinguished from
pectins with only a small number of such
blocks, on the basis of the release of different
amounts of non-esterified galacturonic acid
after enzyme action. The amount of residues

released was expressed as the percentage of
the total amount of non-esterified galacturonic
acid residues present in pectin and called ‘the
degree of blockiness’ [1]. In this report it will
be demonstrated that with the techniques de-
veloped, pectins with large ‘endo-PG degrad-
able’ blocks can also be differentiated from
pectins with small degradable blocks by com-
paring the individual amounts of non-es-
terified galacturonic acid molecules released.
In addition, information regarding the distri-
bution of these blocks can be obtained from
the elution profiles. Commercially extracted
pectins of varying degrees of DM as well as
chemically and enzymatically modified pectins
with more defined methyl-ester distribution
were used as substrates.

2. Results

Determination of the non-esterified mono-,
di-, and trigalacturonic acid proportions in
pectin endo-PG digests.—Prior to analysis, all
pectins were extensively degraded with endo-
PG of Kl fragilis. The digests were analyzed
with HPAEC at pH 5. To assure correct iden-
tification of each oligomer, the endo-PG di-
gest of a commercially extracted DM 30
pectin (C30) of known composition was in-
cluded in each series. The amount of non-es-
terified galacturonic acids detected was
calculated as described previously [1]. Even if
both the DM and the total amount of non-es-
terified galacturonic acid residues released
were nearly identical, pectin digests could give
dissimilar elution patterns. As an example, the
elution profiles of the endo-PG digests of B56
and B57 (two blockwise de-esterified pectins
of DM 56.4 and 57.1%, respectively) are
shown in Fig. 1. In these digests large
amounts of non-esterified mono-, di-, and tri-
galacturonic acid were detected. After re-
sponse-factor correction, the total amounts of
non-esterified galacturonic acid residues re-
leased were similar: 32.7 and 34.4% of the
total amount of non-esterified galacturonic
acid present in B56 and B57, respectively
(Table 1). However, from Fig. 1 it is clear that
the proportions in which the non-esterified
molecules were produced differed greatly.



122 P.J.H. Daas et al. / Carbohydrate Research 326 (2000) 120—129

Varying proportions of mono-, di-, and tri-
galacturonic acid were also seen in many of
the other pectin digests. The individual
amounts of the non-esterified galacturonic
acids were determined for each pectin digest

and expressed as the percentage of the total
number of non-esterified galacturonic acid
molecules released (Table 1). Non-esterified
tetragalacturonic acid was observed, only in
small amounts, in low DM pectin digests ( <
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1° 20 30
B56
B57
0 10 20 30 40 50 Time (min)

Fig. 1. HPAEC pH 5 elution patterns of B56 and B57 pectin endo-PG digests. The DM is indicated by the number of the sample
code. Peaks corresponding to non-esterified mono-, di-, and tri-GalA are labeled.

Table 1

Degree of methyl esterification (DM) and the percentage of non-esterified galacturonic acid (GalA), the proportions of
non-esterified mono-, di-, and tri-GalA liberated, and the ratio of methyl- to non-esterified peak areas as obtained after

endopolygalacturonase degradation of pectin

Pectin ® DM (%) GalA Mono-GalA Di-GalA (%)  Tri-GalA (%) Methyl- to non-esterified peak area
liberated ® (%) (%) ratio
B71 70.6 10.7 32 47 21 0.11
B57 57.1 34.4 41 35 24 0.02
B56 56.4 32.7 33 30 37 0.01
C74 73.5 1.74 23 60 17 0
C69 68.5 13.2 39 32 29 0.22
C67 67.4 4.7 47 32 21 0.11
C56 56.1 7.5 28 47 25 0.60
C30 30.4 16.5 21 44 35 0.77
CR52 51.7 4.6 18 57 25 1.24
CR31 30.7 16.4 17 48 35 1.02
M35 85.0 2.1 28 47 25 0.22
M93 93.1 0 0°
PGA 0.0 88.2 21 42 37 0
R70 70.2 1.0 27 67 6 0.94
R52 52.1 3.7 18 70 12 2.00
R32 31.5 16.6 19 47 34 1.10

2 B, tomato pectin methylesterase de-esterified; C, commercially extracted; CR, alkaline de-esterified; M, additionally methyl-es-

terified; PGA, polygalacturonic acid; R, random methyl-esterified.

® Non-esterified galacturonic acid percentage calculated as described in [1].
¢ Because no methyl-GalA oligomers were liberated, a value of zero was obtained.
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Fig. 2. Ternary graph of the percentages of non-esterified mono-, di-, and tri-GalA observed in pectin endo-PG digests. PGA,
polygalacturonic acid. Commercial (C69—C30; A), pectin methylesterase de-esterified (B71-B56; @) and highly esterified M85
() pectins are shown. The randomly esterified (R70-R32, PGA; 4) and alkaline de-esterified (C67, CR52—CR32; ) pectin

series are connected with lines.

35%); samples that always contained large
amounts of non-esterified mono-, di-, and tri-
galacturonic acid. Since endo-PG of KI. fra-
gilis would exclusively degrade non-esterified
tetramer to mono- and trigalacturonic acid
[17], these additional amounts should be in-
cluded in the mono- and trimer amounts.
However, because of the small amounts of
tetramer present, the inclusion of its degrada-
tion products did not significantly affect the
mono-, di-, and trimer proportions and was
therefore ignored. The percentage of non-es-
terified mono-, di-, and trigalacturonic acid
produced was obtained from pectin digestions
performed in triplicate (standard deviation of
3% were found). The mono-, di-, and trigalac-
turonic acid proportions of the various pectin
digests are best compared when plotted in a
ternary graph (Fig. 2). In this Figure, the data
for the random esterified (R70—-R32 and poly-
galacturonic acid) and the randomly de-es-

terified C67 series (C67, CR52 and CR31) are
connected with lines to improve readability
and to illustrate the differences more clearly.

For randomly esterified pectins, the percent-
age of non-esterified monogalacturonic acid
was highest for the R70 digest (DM 70.2%).
Other samples of this series all contained
nearly identical proportions of monomer. The
digalacturonic acid percentage of the R70
pectin was somewhat lower than that of pectin
R52 (DM 52.1%) but this percentage quickly
decreased for pectins of lower DM. The pro-
portion of trimer increased for pectins of de-
creasing DM. Compared with the randomly
esterified pectin R52, the alkaline de-esterified
pectin CR52 (derived from the non-randomly
esterified DM 67 pectin) [1] released digalac-
turonic acid in much lower and trigalacturonic
acid in much higher proportions. The percent-
age of monomer was identical. The galactur-
onic acid proportions of pectin CR31 (DM
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30.7%) were very similar to those of the ran-
domly esterified R32 and the commercial C30
samples of comparable DM (31.5 and 30.4%,
respectively). The proportions of mono-, di-,
and trigalacturonic acid in the other commer-
cial (C74-C56) and blockwise de-esterified
pectins (B71-B56) differed greatly (Fig. 2).
The highly esterified M85 pectin (DM 85%)
released the non-esterified galacturonic acids
in a proportion identical to those of the com-
mercial pectin C56 of much lower DM
(56.1%).

Determination of the methyl- to non-es-
terified peak area ratio.—The endo-PG action
on pectins of similar DM may liberate very
similar amounts of non-esterified mono-, di-,
and trigalacturonic acid but very different
amounts of methyl-esterified oligomers. As an
example, the elution profiles of the R32 and
C30 pectin digests are shown in Fig. 3. Peaks
were identified as described previously [1]. In
Fig. 3 it can be seen that the non-esterified
components are present in nearly identical
amounts and proportions (Table 1 and Fig.
2). The areas of the peaks corresponding to
methyl-esterified oligomers, however, differed
significantly for the R32 and C30 digests (Fig.
3). Because the PAD-response factor(s) of
methyl-esterified components is not known [1],

an exact quantification of these oligomers was
not possible. Therefore, peak areas were used
instead, although the total amount of
oligomers produced may be underestimated
[20]. As a means to express the (relative)
amount of all esterified components liberated,
the combined areas of the peaks correspond-
ing to methyl-esterified oligomers were divided
by the total area of the non-esterified galactur-
onic acid peaks (Table 1). The ratios were
obtained from digests performed in triplicate.
Standard deviations of 1% were found. In Fig.
4, the ratios are plotted versus the DM of the
pectins.

For all digests, the methyl- to non-esterified
peak area ratio was highest for the randomly
esterified pectin series (Fig. 4). The ratio was
highest for the R52 digest (DM 52.1%),
whereas the ratios for the R32 and R70 di-
gests (DM 31.5 and 70.2%, respectively) were
much lower. The methyl- to non-esterified ra-
tio for the digests around DM 55% showed
the greatest diversity: values between 0 and 2
were found (Fig. 4 and Table 1). Random
de-esterification of the commercial C67 pectin
(DM 67.4%) resulted in a large increase in the
methyl- to non-esterified ratio for sample
CR52 (DM 51.7%) and in a decrease for the
CR31 pectin of lower DM (30.7%). The ratio
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Fig. 3. HPAEC pH 5 chromatograms of C30 and R32 pectin endo-PG digests. Only the peaks corresponding to non- and
mono-methyl-esterified GalA are labeled. The arabic numbers indicate the DP. The superscript number denotes the amount of
methyl esters. All other peaks resulted from methyl-esterified GalA oligomers of DP 4—10 with two or more methyl esters and

were identified as described in [1].
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Fig. 4. Ratio of the methyl- to non-esterified GalA peak areas of pectin endo-PG digests plotted vs. the DM. Commercial
(C69-C30; A), pectin methylesterase de-esterified (B71-B56; @) and highly esterified M85 () pectins are shown. The randomly
esterified (R70-R32, PGA; 4) and alkaline de-esterified (C67, CR52—-CR32; ¢») pectin series are connected with lines.

for the latter digest was nearly identical to the
ratio of the randomly esterified R32 sample
(DM 31.5%). The methyl- to non-esterified
ratio in commercial and blockwise de-es-
terified pectin digests was always lower than
that of the randomly esterified and randomly
de-esterified pectin digests of comparable DM.
The ratio of the M85 sample (DM 85%) was
close to the value expected for a randomly
esterified sample of similar DM. Because of
the absence of methyl-esterified oligomers, the
methyl- to non-esterified peak area ratio of
polygalacturonic acid, M93, and C74 was zero
(Table 1).

3. Discussion

The information revealed by the propor-
tions of non-esterified mono-, di-, and tri-
galacturonic acid liberated after endo-PG
digestion of pectin is best illustrated by the
results of the randomly esterified pectin series.
The higher the methyl-ester content, the larger
the relative proportions of non-esterified di-
and monogalacturonic acid observed (Table 1
and Fig. 2). In a previous paper, it was shown
that the KI. fragilis enzyme employed is ‘most
likely’ able to cleave the chain in non-es-
terified galacturonic acid sequences of four
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and more [1]. From the calculations described
by Chen and Mort [21] it can be deduced that,
for randomly esterified pectins, the occurrence
of non-esterified blocks decreases with increas-
ing DM. The average size of these blocks will
also decrease for pectins of increasing DM. As
a result, endo-PG will predominantly have to
degrade blocks close to the limit of its action
in randomly esterified, high DM pectins. For
the latter pectins, this will result in the pre-
dominant release of small (di- and mono-)
galacturonic acid molecules. During the
degradation of polygalacturonic acid, endo-
PG is obviously not hindered by any methyl
ester substituents and produces mono-, di-,
and trigalacturonic acid in proportions strictly
determined by the mode of action of the en-
zyme. In Fig. 2, it can be seen that these
proportions greatly differ from those observed
in most of the other pectin digests. Only dur-
ing the degradation of DM 30 pectins (C30,
CR31, and R32) endo-PG is apparently not
hindered by any methyl ester substituents.
From the above, it is obvious that the propor-
tion in which non-esterified mono-, di-, and
trigalacturonic acids are released depends on
the (relative) amounts of the non-esterified
blocks composed of four and more galactur-
onic acids. The latter is illustrated in Fig. 5, in
which the degradation of three DM 50 pectins
with different methyl-ester distributions and
different average sized blocks is shown.
Though all three pectins will release exactly

o

the same amount of non-esterified galactur-
onic acid residues after endo-PG action, the
proportions of mono-, di-, and trigalacturonic
acid released clearly differ. The smaller the
average size of the ‘endo-PG degradable’
blocks, the smaller the galacturonic acids pro-
duced. As a consequence, pectins that pre-
dominantly release mono- and digalacturonic
acid (e.g., R70, R52, and C74) will mainly
contain small non-esterified blocks. Pectins
with large average sized blocks will release
mono-, di-, and trigalacturonic acid in propor-
tions comparable to those of a polygalactur-
onic acid digest (e.g., CR31, R32, and C30).
Pectins containing (a whole range of) different
sized blocks will produce the non-esterified
components in proportions depending on the
predominance of one or more of these block
sizes. Digest C56, for instance, contains more
mono- and di- and less trigalacturonic acid
than the polygalacturonic acid digest (Fig. 2).
This indicates that apart from some large
blocks, some quite small and intermediate
sized blocks are present in pectin C56. The
C67 digest, in contrast, contains much more
mono- and somewhat less di- and trigalactur-
onic acid than the polygalacturonic acid di-
gest. The latter is the result of a lot of small
blocks next to some intermediate and large
non-esterified blocks. It is, however, impor-
tant to consider the absolute amount of non-
esterified galacturonic acids produced as well
[1]. For instance, the M85 and C56 pectin
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Fig. 5. Schematic representation of endo-PG action on three DM 50 pectins with different methyl-ester distributions. It is assumed
that endo-PG needs four adjacent non-esterified GalA residues to act [1]. Methyl- and non-esterified GalA are represented by @
and O, respectively. The sites of endo-PG attack are indicated by black and white arrows, showing the first and second linkage
cleaved, respectively. The non- and methyl-esterified GalA molecules released are drawn with solid and dashed underscores,

respectively.
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digests both release mono-, di-, and trigalac-
turonic acid in an identical proportion (Fig.
2), revealing the same average °‘endo-PG
degradable’ block size. The absolute amount
of residues produced, however, is much higher
for C56 (Table 1). This demonstrates that the
latter pectin contains much more degradable
blocks of similar size.

The information indicated by the methyl- to
non-esterified peak area ratio obtained after
endo-PG digestion of pectin is also best ex-
plained by the results of the randomly es-
terified pectin series. As expected, the methyl-
to non-esterified area ratio will be high for
pectins releasing large amounts of methyl-es-
terified oligomers and small numbers of non-
esterified galacturonic acids. For randomly
esterified pectins the occurrence of ‘endo-PG
degradable’ blocks will increase with decreas-
ing DM whereas, simultaneously, the chance
of liberating a methyl esterified oligomer after
endo-PG action gradually decreases. As a re-
sult, starting from a highly, randomly es-
terified pectin, the ratio of methyl- to
non-esterified galacturonic acid production
will increase up to a specific DM and then
gradually decrease. From Fig. 4, it can be
concluded that this transition occurs at a DM
of around 50%. With the HPAEC method
employed, esterified oligomers up to DP 10
can be detected [1]. As a result of this and the
assumed active site of the enzyme, pectins
with ‘endo-PG degradable’ blocks located at
distances of more than six galacturonic acid
residues from one another will not release any
detectable methyl-esterified oligomers. Hence,
a high methyl- to non-esterified peak area
ratio is indicative of the occurrence of blocks
located at distances closer than six galactur-
onic acid residues from one another. These
observations are illustrated in Fig. 5. Of the
three DM 50 pectins shown, each contains
‘endo-PG degradable’ blocks, but releases dif-
ferent amounts of methyl-esterified oligomers
after enzyme action. Pectin A releases two
methyl-esterified oligomers (a hexamer with
two methyl esters and an octamer with four
methyl esters), whereas Pectin B produces
only a decamer with five methyl esters. Pectin
C does not release any esterified oligomers
after endo-PG action. The data in Fig. 4

reveal that pectins C74, B56, and B57 contain
almost no clustered blocks. Pectins C67, C69,
and B71 clearly contain some clustered ‘endo-
PG degradable’ blocks, but much less than the
randomly esterified R70 pectin of comparable
DM. Pectins C30, CR52, C56, and also M85,
do contain quite a few clustered blocks. Of
these samples, C56 has a much lower methyl-
to non-esterified ratio than pectin R52. Be-
cause C56 releases more than twice the
amount of non-esterified galacturonic acid
residues than R52 and in non-identical ratios
(Table 1), it can be concluded that the lower
methyl- to non-esterified ratio is caused by the
fact that the C56 blocks are more evenly
distributed over the pectic backbone than
those of R52. The same, but to a lesser extent,
is very likely the case for CR52 and C30. In
the M85 sample, the non-esterified blocks are
more or less randomly distributed. For an
accurate interpretation of the methyl- to non-
esterified ratio it is important to include the
information obtained from the total amount
of non-esterified mono-, di-, and trigalactur-
onic acids released, because the latter provides
insight into the total amount and average size
of degradable blocks present.

For the study of the methyl-ester distribu-
tion of pectin, the approach described in this
report is an important addition. By analyzing
a pectin endo-PG digest on HPAEC at pH 3,
very detailed information on the intramolecu-
lar methyl-ester distribution of the polymer is
obtained. By determining the amount of non-
esterified mono-, di-, and trigalacturonic acid
present, it is not only revealed to what extent
the methyl-ester distribution of this pectin dif-
fers from a random one [1], but also informa-
tion indicating the average size and the
occurrence of blocks limiting the action of
endo-PG is obtained. By determining the ratio
of the methyl- to non-esterified peak areas, the
extent of clustering of these blocks can be
obtained. This information is a very important
addition in the study of the functional proper-
ties of pectins. It is important to realize that
for an exact calculation of the average ‘endo-
PG degradable’ block size of a pectin, a de-
tailed study of the mode of action of the
enzyme on methyl-esterified substrates is es-
sential. In addition, determination of the
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PAD-response factors of methyl-esterified
oligomers and the location of the methyl es-
ter(s) on these oligomers are a prerequisite for
a successful completion of these studies. With
the approach described above, intermolecular
differences in the methyl-ester distribution of
pectin cannot be revealed. Hitherto, this aspect
has been studied mainly by anion-exchange
[22,23] and/or size exclusion chromatography
[24]. Current research is focused on the use of
endo-PG in combination with these chromato-
graphic techniques, to reveal differences in the
occurrence and distribution of ‘endo-PG
degradable’ blocks over the various chains
present in pectin.

4. Experimental

Materials.—GalA was purchased from
Fluka Chemika-BioChemika (Buchs, Switzer-
land). NaOH (50% solution) was purchased
from J.T. Baker (Deventer, The Netherlands).
Di- and tri-GalA were obtained from Sigma
Chemical Co. (St. Louis, MO). Tetra-GalA
was prepared and purified as described in Ref.
[25]. Endo-PG was purified from a preparation
of Kl. fragilis CBS 397, as described by
Versteeg [26], with an activity of 20 pmol GalA
produced min ! mL ~' (20 units mL ~"). The
purified enzyme was devoid of pectin methyl
esterase, pectin lyase, and pectate-lyase activ-
ity. Polygalacturonic acid was purchased from
ICN (Aurora, OH). Lemon pectins with DMs
ranging from 30.4 to 73.5% (C30-C74) were
kindly provided by Copenhagen Pectin A/S
(Lille Skensved, Denmark), a subsidiary of
Hercules Inc. (Wilmington, DE). The two
highly esterified pectins M85 (DM 85%) and
M93 (DM 93.1%) were prepared as described
in Ref. [1]. Random de-esterification of the
M93 pectin, by saponification with diluted
NaOH, resulted in the production of a set of
randomly methyl-esterified pectins (R70, R52,
R32) with DMs of 70.2, 52.1, and 31.5%,
respectively [9]. The commercial C67 pectin
was de-esterified with NaOH to DMs of 51.7
(CR52) and 30.7%, (CR31). Tomato pectin
methylesterase was used to blockwise de-ester-
ify pectin as described previously [1]. Pectins
B71, B57, and B56 (DM 70.6, 57.1, and 56.4%,

respectively) were used in this study. The
uronic-acid content and the DM of the pectins
are summarized in Table 1. The acetyl ester
content was < 1.5% for all pectins. Endo-PG
digests were prepared as described in [1]. A
mixture of partially methyl-esterified GalAs of
known composition was produced by incubat-
ing the commercial DM 30.4 pectin (C30) with
endo-PG [19].

Chromatographic analysis.—The methyl es-
ter and GalA content of the K. fragilis endo-
PG degradation products were determined
with HPAEC at pH 5 [1,19]. Shortly before
analysis, samples were thawed and centrifuged
for 10 min at 16.000g. Amounts of 80 pL were
injected. The chromatograms were integrated
by peakfit software (SPSS Inc., Chicago, IL) as
described in Ref. [1]. The peaks were identified
by comparing their retention times with those
of mono-, di-, tri-, and tetra-GalA and the
partially methyl-esterified oligomers observed
in the C30 endo-PG digest. In proportion to
mono-GalA, the response factors of the di-,
tri-, and tetramer were 2.0, 1.0, and 2.4 for this
specific HPAEC/PAD configuration. During
each series, the PAD-response area of a stan-
dard amount of mono-GalA (0.103 pmol) was
determined to enable accurate calculation of
the non-esterified GalA concentrations of each
sample in that series [1]. Usually, a peak area
of about 3.5 x 10® was observed per umol
mono-GalA injected (detector range 0.2 pC).
This absolute response, however, varied over
time as the result of variations in the individual
condition of the gold working electrode and/or
the reference electrode of the PAD cell and
small variations in the buffer composition [20].

General methods.—The uronic-acid content
of pectin was determined after pre-hydrolysis
with H,SO, [27] followed by colorimetric detec-
tion with an automated m-hydroxydiphenyl
method [28]. The methoxyl and acetyl contents
were determined by high-performance liquid-
chromatography (HPLC) analysis of the
MeOH and HOACc released on alkaline de-es-
terification [29].
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