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Evaluation of charged molecules content of plant poly-
saccharides by aqueous size exclusion chromatography
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Aqueous size-exclusion chromatography (SEC) equippith refractive index (RI) and multiangle
laser light scattering (MALLS) detectors were apglio evaluation of charged molecules contentseraes
of polysaccharide derivatives with different averagolar mass (MM) values. It was shown that a minor
amount of residual charged groups in the polysathahains caused a polyelectrolyte expansiorceéfied
neutral fractions of birch xylans, larch arabinegshns (AG) and galactoglucomannans (GGM) were-sepa
rated from neutral molecules in various conceruretiof the injected samples.

Keywords: size exclusion chromatography, molar mass, hetéysaccharides, polyelectrolyte ex-
pansion, concentration effects.
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Jyist OLIGHKH COllepIKaHUsI 3apsDKCHHBIX MOJIEKYJ B CEPUH MPOHM3BOAHBIX C PA3UYHBIMU CPEAHUMHU
MOJICKYJISIPHBIMH MaccaM¥ ObllIa HCITOJIb30BaHA BOJIHAS SKCKITFO3MOHHAsI XpoMmaTorpadus cHabxeHHas ped-
PaKTOMETPUUYECKHM ACTEKTOPOM M JIETEKTOPOM MHOTOYIJIOBOI'O paccesiHus jiazepHoro cBera. [loka3aHo, 4to
NPU Pa3INYHBIX KOHIIEHTPALUSIX BBOJUMOM MPOOBI pa3Hble KOJMYECTBA 3aPSDKESHHBIX TPYIII B HOJNINACAXAPH/I-
HOW TIenu OBLITN pa3JesieHbl OT HEHTpanbHBIX (Ppakimuii KCuiaHOB Oepe3bl, apaOMHOTAAKTAHOB JTUCTBEHHH-
1Bl ¥ TAJTAKTOTIIIOKOMaHHAHOB 3a cUeT 3PP eKTa MOTUIIESKTPOIUTHOTO HAOyXaHMsI.

KiroueBble cjioBa: DKCKIIO3HMOHHAS XpoMaTorpadus, MOJCKYJspHAs Macca, FeTeporoIncaxapu-
JTIbI, TIOJIMAJICKTPOJIUTHOE HA0yXaHUEe, KOHIICHTPAIIMOHHBIC d(PPEKTHI

Introduction

Size Exclusion Chromatography often referred tGakPermeation Chromatogra-
phy (GPC), is one of the most powerful methodsifwestigation and determination of
molar-mass distribution (MMD) of polymers [1,2]. SEs a separation technique in which
molecules are separated on the basis of their dydeomic volume or size. This paper
aims to evaluate of charged anionic groups cordéntolecules in birch xylans, AG and
GGM dissolved in water, as well as the influencanpécted polymer concentrations to
polyelectrolyte expansion effects in aqueous SEC.
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SEC of polysaccharides and polyelectrolytes prasspécial difficulties because
the molecular size and shape are subject to laagations with ionic strength, injected
polymer concentration and content of the mobilespH&].

Biopolymers, defined broadly as biosynthesized nete play a central role in
medicine and pharmacy with applications in tissugireering, regenerative medicine, and
drug-carrier systems. Such materials are advantsgeobiomedical and pharmaceutical
applications because of their inherent propertiebi@compatibility and biodegradation.
From the forest industry point of view, potentialysaccharides for such applications
could be wood-derived AG, GGMs, xylans and pecitiinis. well known that for separation
by SEC to be based purely upon differing degreesxafusion of the macromolecules
from the pores of the stationary phase, there Imeisto interaction (electrostatic or hydro-
phobic) between these molecules and the matrixefmetwork filled with the stationary
phase. With carbohydrates, having a high proporibhydroxyl and other polar groups,
adsorption or electrostatic interaction to a pohatrix is likely to influence retention. In
the case of polysaccharides, also intermolecuéatrelstatic interactions have to be consi-
dered. In such cases, not only the appropriatecehof the mobile phase, but also the
choice of stationary phase is particularly impaortaDver the past fifty years, a huge
amount of theoretical and empirical knowledge hesnbcollected concerning the relation-
ship between polymer structure, size and shaperaictions, and hydrodynamics for a
large number of synthetic and biological polymelsli]]. However, it is still needed to
evaluate content of charged species in polysaataeparation process and investigate
the influence of the injected sample concentration.

The aim of this study was to investigate the cotregion dependence of the reten-
tion volumes in SEC and determine the chargednamgroups in molecules of AG from
larch, spruce GGM and birch xylans applying wateelaent.

Experimental

Larch AG (Ara:Gal)=15:85 was obtained from Megazymeernational Ireland
Ltd., Ireland . (+) AG from larch wood; 4-O-MethB-Glucurono-D-xylan; Spruce GGM
was isolated from spruce sapwood sawdust with prizesl hot water at 170°C during 20
min, precipitated to ethanol:water (85:15% v/M}rdited and dried in vacuum-dessicator at
40°C according to Tao Song et al. [12]. Birch xylaas provided by Metla, Finland. The
xylan was extracted from birch sawdust with pregsar hot water at 160°C for 1 h and
precipitated to ethanol:water (85:15% v/v), filgdtand dried in vacuum-dessicator at
40°C according to P. Kilpelainen et al. [14]. Acieethanolysis and gahromatographic
(GC) analysis of heteropolysaccharides appliechénstudy was performed using 2M HCI
in anhydrous methanol at 105°C during 3 hours atiogrto Sundberg et al. [15].

The SEC system was composed of an Agilent 1100/18&@es chromatograph
with a quaternary pump with degasser (G1311B),udasampler (G1329A), two Ultrahy-
drogel Linear columns (300 x 8 mm) from Waters (J$8nnected in series, a differential
refractometer (RID10A, Shimadzu) and MALLS (Mini BN TriStar, Wyatt Technology
Corporation) with a semiconductor laser diode & 681. The SEC conditions were as fol-
lows: degassed water was used as eluent, the sampdentration was 1-4 mg/mL, and
samples were dissolved for 24 h under shakingctige volume varied from 50 to 200
uL, flow rate was maintained at 0.5 mL/min, and tdodumn and detector temperature
were kept at 40°C. Before injection, the sampleitsmhs were filtered through a 0.45 um
nylon membrane (Sartorius, Germany). An inlineefil{Wyatt Technology Corporation)
was installed between the pump and the autosarntplemove any particles from the mo-
bile phase.
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Results and discussion

Table 1 summarizes the main structural featureab@eheteropolysaccharides, sub-
jected for SEC analysis.

Table 1. Composition of heteropolysaccharides detexd by acid methanolysis, GC and
SEC

Ne Polysaccharide Main sugar units ratio VR, min Elution profile
(mol/mol)
1 AG Gal:Ara (6.3:1) 24; 26 bimodal
Man:Glc:Gal :
2 GGM (5.8:1.4:1) 27 bimodal
3 Xylan Xyl:MeGclA (17.2:1) 17 bimodal

As follows from Table 1, AG is a principal, highlbranched heteropolysaccharide
in larch heartwood. The backbone of AG is buildhypl-3 linked galactopyranose units.
Its side chains, which consist of mostly galactapgse and some arabinose residues, at-
tached to position 6 of almost every galactosesumitbackbone. Both applied to study
larch arabinogalactans have close main sugar GabAits molar ratio, i.e. 6.3:1 prepara-
tion from Megazyme Ltd. (Tablel). GGM is anothemportant heteropolysaccharide do-
minating in coniferous wood, particularly in sprustem. It is a structural cell wall compo-
nent, located mostly in the S2 layer. Compared® &GM is only slightly branched po-
lymer with main backbone build up by 1-4 linked mapyranose and some glucopyranose
units. Xylose-based plant cell wall heteropolysacce, i.e. O-acetyl-4-O-
methylglucurono-b-D-xylan or simply xylan, is pripal component in hardwood species
and grasses. Some portion of xylan, however, cem la¢ found in softwood. Typically,
xylan’s backbone consists of 1-4 linked xylopyranasits. It is known as “acidic poly-
saccharide” since xylose unit in xylan chain alsories 1-2 linked 4-O-methyl-a-D-
glucuronic acid. The Xyl:MeGIcA units ratio in 4-@ethylglucurono-xylan from Sigma
was determined 14.2:1 and that isolated from bivobd by PHWE — 17.2:1 (Table 1).

Fig.1-3 represent elution profiles of AG, GGM andaxs registered by RI detector
in applying water as eluent at various of injegtetymer concentrations.

s} 10 20 30 40 50 60
0 10 20 30 40 50 60 Retention time, min

Retention time, min

Fig. 1. Elution profiles of larch arabinoga-  Fig. 2. Elution profiles of galactoglu-

lactan (Megazyme) comannan isolated from spruce wood
M,=40 kDa at 3 injected concentrations. Eluent: with hot-water extraction
H20. Detector: RI M,,=20 kDa at 3 injected concentrations.
Eluent: HO.

In SEC with pure water as eluent, some electrasédtects, such gsolyelectrolyte
expansion, distort the separation mechanism of A§@ans, and GGMs. In separation of
larch AG, multimodal chromatograms were found: firet peaks were appearing near the
void volume of the column, thus indicating the erese of charged anionic groups in the

Boymirzaewt al./ Cop6uunonusie u xpomarorpaduueckue npoueccsr. 2017.T. 17.Ne 4



692

molecules (Fig.1). Such effect was also earlieected in separation of Siberian larch AG

[16,17] at low ionic strength of eluent and thisspbmenon was described due to intramo-
lecular electrostatic effects rather than to iool@sion. A further problem was shown to be
the presence of a small proportion of galacturaaid units in AG from the larch species,

which causes non size-exclusion behavior of thggaaicharide when eluents of low ion

strength are used.

Fig. 1 presents the combined elution profiles ofHaAG at three injected sample
concentrations 1, 2, and 4 g/L. The chromatograomsist of at least three distinct frac-
tions and two of them are early-eluted peaks bahgntp ionic species of AG in water.
The decrease in retention volume of early elutedtiphe peaks with reduction of injected
sample concentration indicated the presence ofreltatic effects in the system. The de-
crease of the concentration in the injected sartgalds to an increase of the size of the
macromolecules and to their early elution, corresipogly the retention volume will be
decreased. Intramolecular electrostatic interastitiat can lead to polyelectrolyte expan-
sion effects in SEC of charged polymers are seé¢herconcentration effects as a decrease
in the retention volume @® with reduction of injected sample concentrati®n

The same effect as described above appeared iBEReanalysis of xylans and
GGM in pure water. As shown in the chromatogransGM (Fig. 2) in pure water, mul-
timodal peaks were detected: the first asymmetakp are separated from symmetric neu-
tral species and the retention volume of the mautnal peak did not change with the de-
crease in the injected sample concentration. Thentien volumes of the asymmetrical
early eluted peaks decreased with the reductimotentration of the solutes and the elu-
tion profiles of GGM in the chromatograms indic#tat part of the polysaccharide mole-
cules are charged and eluted earlier than thealdtdaction.

The elution profiles of the birch xylan (Fig.3) sales indicate that most of the po-
lymeric molecules were charged in pure water. Asytnim and multimodal distribution
profiles received at different sample concentraiafso indicate the electrostatic effects
nature of charged species.

4 gfl

2l MALLS

1giL

0 10 20 a0 7 a0 50 60 O T‘D Qb 3b z!b ’ Sb 60
Retention ime, min Retention time, min
Fig. 3. Elution profiles of xylan isolated Fig. 4. Elution profiles of larch arabinoga-
from birch wood M,=40 kDa.Eluent: HO.  lactan (Sigma) M=40 kDa after elimination

of electrostatic effect&luent: aqueous 0.1M
NaNG;

Willfor et al. [19] reported that the structuretbe AG from spruce and pine were
found slightly different from the structure of laré\G. The amount of single unit side-
chains, consisting of arabinose and glucuronic anits, was higher in the spruce and pine
AG than in the larch AG. The amount of glucurormtavas higher in the spruce AG than
in the pine AG. Although the general structurakdiees of larch AG have been extensively
investigated in the past [20], many uncertaintesgarding the molar mass and fine struc-
ture concerning the heterogeneity, and branchamam unresolved.

Fig.4 shows the elution profiles of Larch AG afseppression of electrostatic ex-
pansion using of the eluent 0.1M Napi® water registered by MALLS and RI detectors.
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As indicated in [3], increase of ionic strengthetient in SEC will lead to screen of Cou-
lombic forces of fixed electrostatic charges inyetéctrolyte chains. In result, intramole-
cular electrostatic repulsion decreases and coriom of polyions became as Gaussian
coil. As shown in Fig.4, both detectors are regestesymmetrical Gaussian peaks that can
be attributed as suppression of electrostatic effeicAG in salt solution

Conclusion

Elution properties of polysaccharides have beedistuby SEC/MALLS/RI. In
pure water as eluent acidic species containedasetipolysaccharides will lead to polye-
lectrolyte effects, particularly electrostatic empmn and in result to early elution of
charged molecules. Neutral fractions of GGM andltbiylans are separated from charged
fractions according to size-exclusion mechanisri@. Polyelectrolyte effects in SEC of
AG, GGM and xylans are suppressed by using 0.1 M®an H,O. Concentration de-
pendence of retention volume of larch AG, spruceMzdhd birch xylans are indicated the
polyelectrolyte nature of these polysaccharidesvater and determination of amount of
charged anionic groups in polysaccharide chainkheilsubject of our further investiga-
tions.
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