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Identification of hydration residues in potato cell wall pectin  

by 2H and 13C solid-state MAS NMR spectroscopy 

 

Introduction 
The pectin rhamnogalacturonan-I (RG-I) can be produced from potato pulp which is a by-product from the 

potato flour production. From just one Danish potato starch producer the pulp amounts to 34,000 tonnes 

when producing of 50,000 tonnes of starch. Presently the pulp is mostly used for animal feed and the 

purpose of the current project was to extract RG-I in order to obtain a food grade product from the pulp. 

Furthermore RG-I plays a significant biological role in the potato cell wall. In both cases the hydration 

properties are of great interest. A model of RG-I (Mw ~1.5 MDa) is displayed in Scheme 1 showing a 

polysaccharide with a backbone of GalA and Rha ( →4)-α-D-GalA(1→2)-α-L-Rha(1→ ) and side-chains of 

arabinan (primarily α-1,5-Ara) and galactan (β-1,4-Gal). The hydration properties of native (NA) RG-I were 

analyzed by solid-state NMR experiments after addition of D2O to the dry powder. Further exploration of 

the hydration mechanisms were facilitated by enzymatic modification of the side chains in NA. Hereby de-

arabinated (DA), de-galactanated (DG) and de-branched (DB) samples were prepared. The 

monosaccharide composition of the samples are displayed in Scheme 1.  

In this study the hydration properties of native and modified potato RG-I were analyzed taking advantage 

of 13C CP/MAS experiments enhancing the intensity of carbon resonances from carbons in immobile 

regions and 13C SP/MAS experiments to obtain a correct quantification of all carbon sites. Additional 2H 

SP/MAS experiments were performed to study effects on the water. 
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Figure 1. (A,B)13C single-pulse (SP) MAS spectrum of native (NA) RG-I at a hydration level of 66.5 %. The spectrum in B is a zoom on 

the spectral region 40-120 ppm. Spectra were acquired at a Bruker Avance 400 spectrometer (9.4 T) using a spin-rate of 8 kHz and a 

recycle delay of 128 s. All data were recorded at room temperature. The sample had been spinning at 8 kHz for at least 1 hour prior to 

acquisition to ensure proper mixing of water and powder. 

Conclusions 
Native RG-I (NA) 
•In RG-I it was demonstrated that the arabinan side chains were easier to hydrate than the galactan side chains. This 

points towards preparation of RG-I pectins with specific hydration properties by adjusting the arabinan:galactan ratio in 

RG-I. 

•An initial hydration step is related to C6 in galactan (G6). 

Modified RG-I 
•DG and DB exhibited similar hydration properties. Likewise for NA and DA. This indicates that the hydration 

characteristics were determined by the arabinan and galactan side chains in NA and DA, whereas the properties of the 

Rha-GalA backbone were more pronounced for DG and DB because of shorter or less abundant side chains. 

 

NMR methodology 
The present experimental approach represents a strong tool for analysis of hydration properties of intact plant cell walls, 

polysaccharides, or other biological systems where hydration is of great importance for structure, functionality, or both. 
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Figure 2. 13C cross-polarization (CP) MAS (contact time 1 ms) and single-pulse (SP) MAS spectra of native (NA) and modified RG-I at various 

hydration levels. Spectra were acquired at a Bruker Avance 400 spectrometer (9.4 T) using a spin-rate of 8 kHz and recycle delays of 4 and 128 

s for the CP/MAS and SP/MAS experiments, respectively. All data were acquired at room temperature. All samples had been spinning 8 kHz for 

at least 1 hour prior to acquisition to ensure proper mixing of water and powder.  In the rightmost SP/MAS spectrum a and b denote C1 in α- 

and β-galactose, respectively. Exp. time pr. spectrum: ~5.5 h for CP/MAS and ~43 h for SP/MAS.  

 

Scheme 1. Upper part: schematic drawing of rhamnogalcturonan I (RG-I) and hydration sites as demonstrated by 13C MAS NMR. Lower part: 

monosaccharide composition of RG-I samples 

Hydration of modified RG-I 
In the two rightmost columns of Figure 2 the 13C CP/MAS and SP/MAS spectra of NA, DA, DG and DB in the dry state 

and at a hydration level ~ 57 % are displayed. Two major trends were observed:  (1) the DG and DB samples exhibited 

similar spectra in the dry state having more intense resonances from carbonyl and methyl groups and (2) a broader 

range of chemical shifts for anomeric carbons (90-115 ppm) when compared with NA and DA. The spectral resemblance 

of NA and DA as well as DG and DB reflects that arabinan and galactan side chains constitute ~ 82 % (mol %) in NA 

and DG but only ~ 50 % in DG and DB. 

Furthermore the Ara/Rha ratio seems to be important. For NA and DG this ratio is ~ 1.6 whereas it is ~0.5 for DB. As the 

arabinan side chains are mobilized in NA and DG but not in DB, this suggests that a certain length of side chains are 

required to achieve hydration. This could indicate that shorter side chains permit a more direct interaction with the 

backbone and thereby creation of a less hydrophilic environment. 

It is also observed that rather intense methoxy resonances and broad resonances around 100 ppm are present in the 

CP/MAS spectra of hydrated DG and DB. Since these resonances are much less intense in the SP/MAS spectra, this 

demonstrates that methoxylated GalA’s are almost exclusively present in the immobile regions of DG and DB. 
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Hydration of Native RG-I (NA) 
In the two left columns of Figure 2 the 13C CP/MAS and SP/MAS spectra of NA at various hydration-ratios are displayed. 

Going from the spectra of the dry powder (upper spectra) to the more hydrated powders (lower spectra) it is noted that 

the CP/MAS and SP/MAS spectra display similar features – except for the intensity of the carbonyl carbons around 175 

ppm – until a hydration level of 46.4 %. At this hydration level the anomeric arabinan (A1) resonance at 108.2 ppm 

becomes clearly visible in the SP/MAS spectrum whereas only the anomeric galactan (G1) resonance at 105.2 ppm are 

present in both spectra. As hydration is increased the spectral resolution increases in both types of spectra but arabinan 

is only observed in the SP/MAS spectra meaning that arabinan is fully mobilized at these levels of hydration. 

Furthermore it was observed that the line widths of the anomeric resonances at a hydration level of 66.5 % were 35 Hz 

for A1 and 78 Hz for G1. This also supports the higher mobility of the arabinan side chains. 

Regarding initial effects of hydration it is worth noting that the two resonances at 62.5 and 59.3 ppm (G6) in the spectra 

of the dry powders seem to collapse into a single resonance at 61.7 ppm. Further hydration studies should be 

performed to study this process in detail but it is anticipated that it related to initial hydration of G6. The initial hydration 

also affects the methyl resonances from Rha (17.8 ppm) and the acetyl groups (21.3 ppm) from acetylated GalA – both 

residues present in the backbone. 

As indicated in Scheme 1 the arabinan side chains are easiest to hydrate whereas at least some of the galactan side 

chains are still sufficiently immobilized for CP even at the highest level of hydration. This results suggests that the 

hydration properties of RG-I may be controlled by modification of the relative amount of arabinan and galactan side 

chains. 

Figure 3. 2H single-pulse (SP) MAS spectra of NA and DG at various hydration levels. Spectra were acquired at a Bruker Avance 400 

spectrometer (9.4 T) using a spin-rate of 2 kHz and a recycle delays of 1 s. All data were acquired at room temperature after recording of 

13C MAS spectra. LW denotes the Lorentzian line width. 

Hydration of modified RG-I from 2H MAS NMR 
In Figure 3 the 2H SP/MAS spectra of NA and DG displays significant differences between the two samples. The line 

width of NA is reduced from 330 to 120 Hz when the hydration level was reduced from 28.1 to 46.2 % whereas broader 

lines was observed for DG going from 593 to 223 Hz when increasing the hydration level from 35.8 to 46.2 %. The 

broader line width for DG indicates a more immobilized and more versatile environment for HDO/D2O than in NA.  


