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ABSTRACT

Oligogalacturonic acids (OLGAs) ranging from two to nineteen residues in length were separated using high-performance gel
filtration chromatography on a silica gel with diol radical. The optimum conditions (eluent, column temperature) for separation of
OLGAs by high-performance gel filtration chromatography were investigated. The column used in this experiment allowed a high
pressure of 4900 p.s.i. and a flow-rate of 2 ml/min. The stationary phase of silica gel stabilized the separation of OLGAs. The peaks of
OLGAs separated using this column were assigned by comparing retention times with standards, and the molecular weights of the
corresponding OLGAs were determined by fast atom bombardment mass spectrometry.

INTRODUCTION

The separation of oligogalacturonic acids
(OLGAs) from chemically and enzymatically de-
graded polygalacturonic acid is important in the
structural analysis of the cell wall in plants. It is also
important for studying the mechanism of action of
pectin-degrading enzymes. The oligomers are recog-
nized to be capable of regulating a number of
physiological responses in plants, including the
endogenous elicitation and induction of phytoalexin
[1-3], an increase in the activity of phenylalanine
ammonia lyase [4], the production of a proteinase
inhibitor [5], lignification, and the induction of
chitinase and f-1,3-glucanase [6]. OLGAs are in-
volved in the fixation of extesin and lignin into the
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cell wall in plants {7]. It is reported that OLGAs have
antimicrobial action [8]. Therefore, it is necessary to
be able to separate OLGAs rapidly and to detect
OLGAs with a wide range of degree of polymeriza-
tion (DP) in these investigations.

OLGAs have been analysed by thin-layer chro-
matography [9-11], ion-exchange chromatography
[12-21], gel filtration chromatography [22,23], re-
versed-phase chromatography [13,17,24-26], elec-
trophoresis [27], ultracentrifugation [27] and gas—
liquid chromatography [28]. However, these anal-
yses have the disadvantages of a long analysis time, a
low distribution coefficient and poor sensitivity of
longer OLGA:s.

High-performance gel filtration (HPGF) chroma-
tography is one of the best methods of analysing
oligosaccharides, especially longer-DP oligomers, in
a short time. HPGF chromatography has the advan-
tage that no sample derivatization is required. In the
present work, HPGF chromatography was per-
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formed using a column packed with hydrophilic and
porous spherical silica gel of 5 um particle size
covered with a high degree of alcoholic OH radicals.
This column allows the continuous use of high
pressure and high flow-rate, and the separation of
samples is stabilized as a result of the fact that silica
gel is harder than polymer gels. The column can
endure pressures as high as 4900 p.s.i. The pH of
eluents can be between 5 and 8. The temperature of
the column can range from 4 to 40°C.

The optimum conditions for the separation of
OLGAs were investigated and the molecular weights
of OLGAs were determined by fast atom bombard-
ment mass spectrometry (FAB-MS).

EXPERIMENTAL

Materials

a-D-Galacturonic acid, digalacturonic acid, tri-
galacturonic acid, polygalacturonic acid and endo-
polygalacturonase (endo-PG) (EC 3.2.1.15) were
from Sigma (St. Louis, MO, USA).

Preparation of OLGAs

A mixture of OLGAs was produced by enzyme
digestion of polygalacturonic acid at 30°C for
40 min with endo-PG. The reaction mixture was
heated at 100°C for 10 min to terminate the reaction.
Ethyl alcohol was added to the reaction mixture at a
final concentration of 65% after cooling. The result-
ing precipitates of OLGAs separated by centrifuga-
tion (4530 g, 20 min) were dissolved in water and
lyophilized. The OLGAs were treated with 0.05 M
sodium hydroxide at 0°C for 90 min. The de-
esterified OLGAs were precipitated and separated
by centrifugation (4530 g, 20 min). They were
dissolved in water and lyophilized.

HPGF chromatography

HPGF chromatography was performed on a
Waters isocraic manual system (Waters, Division of
Millipore, Tokyo, Japan) with a Waters R-401
refractive index (RI) detector. For the DP analysis
of OLGAs, a YMC Diol 120 column (500 x 8 mm
I.D.) and a precolumn (30 x 8 mm I.D.) (YMC,
Kyoto, Japan) were used. A column oven was used
to maintain the temperature at 25-50°C (Sugai
U620, Sugai, Wakayama, Japan). An acetate buffer
and a phosphate buffer were used in elution. Vol-
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umes of 25 ul of the liquid oligomers were injected.
Chromatographic data were plotted and integrated
using a Waters 714 data module.

Measurement of the fractionation parameter
The distribution coefficient, K,,, was calculated
from the retention time of each peak as follows:

K. = (Ve - VO)/(Vt - VO)

where V., is elution volume of OLGASs or standards,
Vy is the void volume (verified by polygalacturonic
acid) and V| is the total bed volume.

Preparation of authentic OLG As

The OLGAs were separated according to the
modified method af Nothnagel et al. [1]. High-per-
formance ion-exchange chromatography was per-
formed using a Waters automatic gradient system
with an SF-2120 Advantec fraction collector (Ad-
vantec Toyo, Tokyo, Japan). For the separation of
the oligomers QAE-Sephadex A-25 in a Walters
AP-1 glass column (600 x 10 mm 1.D.) was used.
The mixture of OLGASs (ca. 500 mg) was dissolved in
20 ml of 0.2 M imidazole-hydrochloric acid buffer,
pH 7.0, and the solution was injected into the
column. The OLGAs were eluted with a linear
gradient of 0.2 M to 1.0 M imidazole-hydrochloric
acid buffer, pH 7.0. The flow-rate was 2 ml/min and
the volume of the collected fractions was 10 ml. The
collected fractions were concentrated and desalted
by a Microacilyzer S1 (Asahi Kasei, Tokyo, Japan),
an automatic desalting device using AC-210-10
ion-exchange films. Each purified OLGA fraction
was lyophilized.

FAB-MS analysis

The molecular weights of fractionated and puri-
fied OLGASs were analysed by FAB-MS. The device
used was a Jeol IMS-GX 303HF (Jeol, Tokyo,
Japan). Xenon was used as the bombarding gas, and
an atom gun was operated at 6 kV, 20 mA. Samples
were dissolved in methanol-water (1-5 ug/ul) and
1 pl of each sample solution was added to a drop of
glycerol on the stainless-steel target.

RESULTS AND DISCUSSION

Effect of the ionic strength of the eluent
The effect of ionic strength (sodium chloride) on
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Fig. 1. Variation in the K, value of galacturonic acid (amount

injected: 25 ul of a 10 mg/ml solution) with the ionic strength of
" eluent.

the K,, of galacturonic acid (10 mg/ml, 25 ul) is
shown in Fig. 1. The K,, of galacturonic acid
increased with an increase in the ionic strength of the
eluent, and the K,, of galacturonic acid attained
an almost constant value of 0.56 when the ionic
strength of the eluent was higher than 0.05. This
tendency was the same as that of the effect of ionic
strength on the K,, of galacturonic acid using the
Bio-Gel P2 column [18].

The effect of the injected volume (5-100 ul) on the
retention time of galacturonic acid (10 mg/ml) was
examined. When a 0.05 M sodium chloride solution
was used as the ecluent, the retention time of
galacturonic acid lengthened a little as the volume
injected increased, but the increase was negligible
under the experimental conditions. The retention
times were between 19.1 and 19.2 min.

Effect of the pH of the eluent

The effect of the pH of the acetate buffers on the
retention time of the OLGAs is shown in Fig. 2. The
retention times of OLGAs with different DP values
increased as the pH of the acetate buffer solution
was increased. The retention times of OLGAs in
0.2 M acetate buffer were longer than those in
0.05 M acetate buffer.

Effect of the temperature of the eluent

The effects of the column temperature on the
relationship between the DP of OLGAs and —log
K, are shown in Fig. 3. The relationship between the
DP of OLGAs and —log K, was linear at column
temperatures in the range 25-50°C. The observed
DP was highest at 40-45°C. The —log K,, value of
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Fig. 2. Effect of pH of acetate buffers on retention time.

OLGAs with the Bio-Gel P2 column [18] increased
with the increase in the column temperature. This
column was stable under these temperature condi-
tions.

Quantification of oligogalacturonic acid

The monomer, dimer and trimer standards (pur-
chased from Sigma) could be quantified in the
2000-ug region in a given sample applied to the
column. When the signal-to-noise ratio was 3, the
detection limits of the monomer, dimer and trimer
standards were 1.0 ng. It is thought that oligomers
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Fig. 4. HPLC of oligogalacturonic acid on QAE-Sephadex A-25.

with DP values larger than 4 may be quantified in
the 2000-ug region in a standard solution even
though those oligomers are not commercially avail-
able.

This column can be used for the identification and
quantification of OLGAs in the isocratic elution
mode. In the reports that described the separation of
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Fig. 5. FAB-MS analysis of oligogalacturonic acid.

J. Naohara and M. Manabe | J. Chromatogr. 603 (1992) 139-143

OLGAs by ion-exchange column [13,16,21] and
reversed-phase columns [13,25,26], the highest DP
value of the OLGAs separated in the isocratic
elution mode [16] was 10. Since the pressure used for
the (cation-exchange) column was limited to only
300 p.s.i. and a high flow-rate led to high back-pres-
sures and to the loss of resolution, it seemed this
method usig a cation-exchange column was not
practical.

The silica gel column used in this experiment
allowed the use of high pressure, 4900 p.s.i., and a
high flow-rate, 2 ml/mn. The separation of OLGAs
of DP 19 could be possible (see Fig. 6), by using
porous (120 A) spherical silica gel of 5 um particle
size covered with a high degree of alcoholic OH
radicals. This simple and rapid method by which
OLGAs with DPs of 19 may be separated has not yet
been reported.

Molecular weight of each fraction

The OLGAs in the mixture were separated by
high-performance ion-exchange chromatography
using a QAE-Sephadex A-25 column. Each peak
fraction was pooled, desalted with the Microacilyzer
S1 and lyophilized. The molecular weights of lyo-

DP:4
RT:18.28min A

DP: 6
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DP: 7
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Fig. 6. High-performance gel filtration chromatographic analysis
of oligogalacturonic acid. RT = Retention time.
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philized OLGAs were maesured by FAB-MS. The
results obtained are shown in Fig. 4. These fractions
gave distinct molecular ions (M — H] 7). Fraction A
had a molecular ion at m/z 721 that corresponds to a
molecular weight of 722, as shown in Fig. SA. This
signal should represent a tetragalacturonic acid.
Consecutive loses of galacturonosyl residues from
[M-H]~ gave signals at m/z 545 and 369. As shown in
Fig. 5B and C, the similar spcetra of the oligogalac-
turonic acids in fractions B and C, having molecular
ions at m/z 1073 and 1249, correspond to hexa- and
heptagalacturonic acid, respectively. These results
arein agreement with the results obtained by Komae
et al. [19]. The retention times of tetra-, hexa- and
heptagalacturonic acid analysed by the HPGF chro-
matography with the YMC Diol 120 column were
18.31, 17.52 and 17.19 min, respectively (Fig. 6).
Some peaks could be detected when the mixture of
OLGAs was analysed; the peak at a retention time of
18.29 min was possibly tetragalacturonic acid, that
at 17.52 min hexagalacturonic acid and that at
17.18 min heptagalacturonic acid.
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