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While working with pectins and fragments of pectins, we have noticed several 
anomalies in our extractions and purifications of them. These include aberrant behavior 
upon chromatography, retention of even small (di- and tri-) oligogalacturonides upon 
extended dialysis, and great difficulty in dialyzing chelating agents away from pectins. 
We attribute all of these behaviors to the strong interactions between oligomers and 

polymers of D-galacturonic acid and especially between them and calcium ions or other 
divalent cations. 

The interaction between D-galacturonic acid residues and calcium ions has been 
investigated in detail because of the importance of these interactions in the gelation of 

pectate’. From experiments examining the activity of Ca2+ us. Nat in the presence of 
oligomers and polymers of D-galacturonic acid, it is apparent that the interaction 

between pectic fragments and Ca2+ is stronger than one would predict for solely ionic 

interactions2’3. Thus, hydroxyl groups must also be coordinating to the Ca2+. When 
measured as a function of concentration of polypectate, the activity of Ca’+ decreased 
dramatically as the concentration rose between one and ten mequiv./L. Such an abrupt 
change was attributed to cooperative binding ofcalcium ions between polymer chains to 

form soluble aggregates3 with the structures of the “egg box” model of Morris et al.’ 
Lower than predicted activity of Ca’+ was seen in solutions of oligomers of D-galactu- 
ronic acid of three or more residues3, and a marked decrease in the activity of Ca2+ was 
seen in solutions of oligomers of around 15 or more residues’. Oligomers of 14 residues 
are known from competition experiments to be able to prevent gelation of polypectate4. 
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TABLE I 

Molar sugar compositions and amounts of cell wall extracts 

Sample Composition (mole %) 

Ara Rha FUC 

Whole cell walls 500 

Extracts of 
whole cell walls:” 
5OmM CDTA extract 4956 
500mM imidazole extract 35 

Residue from CDTA extract 425 
Residue from imidazole 
extract 435 

Extracts following 
-23” HF treatment:’ 
HFether extract 147 

Water extract 73 

50mM CDTA extract 211h 
500mM imidazole extract 94 

Residue from CDTA extract 180 
Residue from imidazole 
extract 179 

20 11 

7 7 
6 6 

26 11 

25 14 

32 9 

8 21 

1 1 
I 1 

4 2 

4 2 

17 11 

6 4 
5 4 

23 12 

22 13 

36 10 

10 17 

1 trace 
1 trace 

5 4 

3 5 

7 

5 
2 

7 

7 

4 

15 

2 
1 

55 

53 

33 

71 
77 

23 

17 

5 

30 

96 
96 

30 

34 

’ Extractions from 500 mg of cell walls. * Much of this weight is CDTA. ’ Paired sequential extractions 
(HFether, water, 50mM CDTA or HF-ether, water, 50hM imidazole) from 500 mg of cell walls. 

We assume that the imidazole is extracting the pectin via the same mechanism as 
the chelating agents. It has already been shown that the non-protonated imino nitrogen 
of the imidazole ring of histamine can coordinate to Ca2+ strongly enough to form 

crystallizable complexes”. We propose that even though the imidazole is mono-dentate, 
it is present in such high concentrations that it can compete with the carboxyl groups of 

the D-galacturonic acid in Ca*’ complex formation and thus disrupt the “egg box” 
structures. It appears that the Ca ‘+ imidazole complexes can readily diffuse through the 

dialysis membrane. 
Dialysis of oligomers of galacturonic acid. - A second anomaly we have found is 

unexpected behavior of small oligomers upon dialysis. There is much interest in 
preparing oligomers of D-galacturonic acid because of their biological activity in plants. 

Dimers or longer oligomers of D-galacturonic acid cause the induction of protease 

inhibitors in members of the Solanaceae”. The trimer of D-galacturonic acid suppresses 
lignification induced by a fungal elicitor in wheat12, oligomers - 7 residues long induce 

lignification in castor bean13, and oligomers - l&l 3 residues long induce phytoalex- 
ins14. 
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decrease electrostatic repulsion between adjacent D-ga~acturonic acid residues and thus, 
perhaps, allow more flexibility within the polymer chains.) 

A similar aggregation effect is seen when mixtures of oligomers of D-galacturonic 
acid are precipitated with ethanol. When the pH 2 supernatant from the autoclave 

hydroIysate of pectic acid was made 70% in ethanol, all of the oligomers except the 
dimer, trimer, and tetramer were compietely precipitated. A small proportion of the 

dimer, N 50% of the trimer. and most of the tetramer precipitated. 
The lack of dialyzability of small (d.p. > 9) oligomers of galacturonic acid using 

12-14 000 mol. wt. cutoff tubing and of oligomers of d.p. > 2 in the 1 ,OOOmol. wt. cutoff 

tubing should allow one to avoid tedious or unwanted procedures for recovering 

desalted purified oligomers after their separation by ion-exchange chromatography. 
For example, Robertsent purified large amounts of’ individual oligomers by ion- 

exchange chromatography, but then introduced barium chloride to allow precipitation 
of the oligomers with ethanol. For oligomers of over four residues prepared by 

ion-exchange chromatography using the same buffers and exchange medium as Jin and 
West”, we have concentrated the pooled effluent from the column containing the 
oligomer of interest by lyophilization and then removed the salt by dialysis through 

1,000 mol. wt. cutoff tubing. 

A~~o~-~.~~~a~~e ~~ro~u~o~ra~~~. -. We frequently find that chromatography of 
mixtures containing oligomers of D-galacturonic acid seems to be influenced by their 

history, as well as by the conditions of the chromatography. This is perhaps because of 
very slow disaggregation even after the conditions which induced aggregation are 

removed. A striking example is shown in Fig. 2, which is a chromatogram of a mixture of 
oligogalacturonides separated on a TSK DEAE-2 SW column using an NH,OAc 

gradient. The series of peaks labeled 2,3,4 etc. were found by r~hromatography on a 
PA-l column in NaOH, to be individual oligomers of gaiacturonic acid residues. The 

0t i I I L I t i 

0 10 20 30 40 50 60 70 

Min 

Fig. 2. Anion-exchange chromatography of a mixture of D-galactutonic acid oligomers obtained by 
Ba’+-precipitation of a subfraction of the pH 2 supernatant. Two mg of this fraction were dissolved in 
distilled water (500 pL) and applied to a TSK DEAE-2 SW column. Elution was by a linear gradient of 
5O-BOmbi NH,OAc buffer pH 5.2 at 1 mljmin. A fraction (5%) of the eluate was passed through an anion 
micro-membrane suppressor to remove ammonium ions prior to addition of 1 mUmin of N NaOH and 
detection by a pulsed amperometric detector (p.a.d.). 
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this exact protocol, we were able to consistently obtain the same elution profile. 

Mixtures of oligomers of D-galacturonic acid fractionated, as expected, on Toyopearl 
HW 40s and Bio-Gel P-2 columns when treated in this manner. 

Advantage can be taken of the anomalous behavior of oligomers of D-galacturon- 
ic acid for desalting them by size-exclusion chromatography. If samples containing salt, 

e.g., 10 mg GalA or GalA, containing 20 mg NH&l are passed through a 10 x 500 mm 
column of TSK Toyopearl HW 40s and eluted with water, the D-galacturonides elute in 

the void volume and the salt in the included volume. Fishman et al.” have also reported 
the elution of apparently low molecular weight pectin fragments in the excluded volume 
of a large-pore, size-exclusion column using water as eluant. 

CONCLUSIONS 

Several anomalies are encountered while working with pectins and pectic frag- 

ments; however, there are means of circumventing them: (i) Chelators do not dialyze 
away readily from pectins. However, 0.5~ imidazole buffer can substitute for the 

chelators, CDTA and EDTA, for solubilizing pectins, and it does readily dialyze away. 
(ii) Oligomers of D-galacturonic acid with as low a degree of polymerization as 3, in 

1,000 mol. wt. cutoff dialysis tubing, or 10, in 12-14 000 mol. wt. cutoff tubing, are 
retained upon dialysis against distilled water. (iii) There is a tendency for oligomers of 
D-galacturonic acid to remain aggregated during ion-exchange chromatographic sep- 
arations. This leads to coelution of more than one size of oligomer under conditions 
which separate non-aggregated oligomers. A short treatment with alkali disaggregates 
the oligomers and allows subsequent, predictable chromatography. (iv) D-Galacturonic 

acid-containing oligomers behave upon size-exclusion chromatography as much larger 
molecules than one would expect, unless aggregates are disrupted before the chroma- 

tography and the ionic strength of the elution buffer is at least 0.1. 

EXPERIMENTAL, 

Materials. - Pectic acid (Aldrich Chemical Co. or Sigma Chemical Co.) was used 

to produce a wide range of lengths of oligomers of D-galacturonic acid by the autoclave 
hydrolysis procedure of Robertsen16. A 1% solution of pectic acid in distilled water was 
adjusted to pH 4.2 with N NaOH. The solution was then heated in an autoclave for 20 
min at 121”. After cooling, the pH was adjusted to pH 2 with N HCl, large oligomers 

were allowed to precipitate overnight at 6”, and the material was then centrifuged at 
40009 for 20 min. The supernatant (designated pH 2 supernatant) was adjusted to pH 

5.2 with N NaOH and freeze-dried. Cell walls from suspension cultures of cotton 
(cultivar Acala 44) were prepared as previously described’. Preparation and digestion 

with Pectolyase (Sigma) of wheat leaf cell walls has been previously described2’. 
Chromatographic separation of oligogalacturonides. - The separation of 2-ami- 

nopyridine labeled samples on a TSK DEAE-2 SW column has been previously 
described in detail15. 
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suspension was filtered, and the HF-ether mixture was evaporated to give what was 

designated “HF-ether extract”. The residue was extracted with water to give the “water 
extract”. This residue was then extracted with either 50mM CDTA or 500mM imidazole 

buffer. 
Carbohydrate unalysis. - Aliquots of samples (5&100 lug) were pretreated with 

endopolygalacturonase, methanolized, and trimethylsilylated as previously described13. 
Carbohydrate compositions of samples were obtained by g.1.c. using a DB l(0.25 mm x 

30 m) capillary column with per-O-(trimethylsilyl)~myo-inositol as the internal stan- 
dardh. The degree of methyl esterification of samples was determined by selective 

reduction of methyl esterified D-galacturonic acid residues to D-galactose23. ‘H-N.m.r. 
spectroscopy was conducted using a Varian XL-400 spectrometer with 3-(trimethylsi- 
1yl)propionic acid, sodium salt (TSP) as internal reference (0.0 p.p.m.). 
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