REGULARITIES OF ALBUMIN SORPTION ON CARBOXYLIC CATION –EXCHANGER
LIKUMSAKARĪBAS, SAISTĪTAS AR ALBUMĪNA SORBCIJU UZ KARBOKSILKATJONĪTA

V.Krilova

Keywords: cation-exchanger, carboxylic, sorption, BSA, swelling, ionization
Introduction

Use of sorption processes is the successful solution of many challenges in analytical, preparative and industrial chemistry dealing with purification, concentration or separation of biologically active substances. 
Ion- exchangers with carboxylic groups are effective sorbents of biologically active substances having nucleophilic character, proteins being among of them [1]. Sorption of proteins is complicated process depending on a sorbent parameters as well as protein nature, solution composition and temperature.
Most of sorbents recommended for preparative sorption of proteins are based upon polysahharide matrix. Also acrylic ion-exchangers can be used for this purpose unless their matrix is permeable for large molecules.

Protein binding with carboxylic ion-exchanger is realized mostly via electrostatic interaction of both participants’ functional groups, as well as H-bond formation and hydrophobic interaction. The opportunity of realization of several interactions depends on chemical reactivity of functional groups of a sorbent and polymer network structure which are, in real, closely interconnected. The change in sorbent network structure usually leads to the change of functional groups reactivity. 
Functional groups condition in ion-exchanger has exceptional significance for sorption ability. 

Highly permeable carboxylic cation-exchangers have been used to study the formation of polyelectrolyte complexes with proteins differing in their amino acid composition and acid-base characteristics [2]. The method of potentiometric titration was used to study the ionization of carboxylic groups of cation-exchanger based on methacrylic acid in presence of bonded proteins. The sorption of proteins of alkaline nature is shown to be accompanied by decrease of polyelectrolyte carboxylic groups’ dissociation degree. 

The selectivity and reversibility of enzymes sorption on porous cation-exchangers with sulpho-, phospho-, and carboxylic groups have been studied [3]. The optimal conditions for protein binding were shown to depend on the isoelectric point of the protein and the acidity of polyelectrolyte functional groups. Rise in functional groups acidity widens the range of pH values of the solution in which the protein-polymer complex is stable.

The sorption of bovine serum albumin (BSA), cytochrom C, and fibrinogen on carboxylic cation-exchangers with various concentrations of ionogenic groups has been investigated [4]. The dependence of sorption selectivity on protein size and on concentration of ionogenic groups was demonstrated.
Porous cation-exchangers having both methacrylic and acrylic acid groups were synthesized by water-dispersion polymerization [5]. Sorption ability of synthesized cation-exchangers towards BSA has been studied. The introduction of acrylic acid units together with methacrylic acid units in studied proportions has been shown to enhance sorption capacity as compared with resin having only methacrylic acid functional groups [6]. Porous carboxylic cation-exchanger synthesized as rather large diameter beads with spherical form of surface and having good permeability can be used in column processes for protein sorption from low concentration solutions.
Non-linear change of physico-chemical parameters of cation-exchanger having methacrylic and acrylic acids units caused by ionization degree growth has been stated [7].

The aim of present study was to clarify the influence of sorption medium composition, particularly, pH value and neutral salt concentration on BSA sorption onto carboxylic cation-exchanger having both methacrylic and acrylic acids groups.

Materials and Methods

Porous carboxylic cation-exchanger was synthesized and treated as described in [6].

The molar ratio of methacrylic and acrylic acids in monomer mixture was 3:1.

The content of cross-linking agent triethyleneglycol dimethacrylate was 15% in monomer mixture.

Methacrylic acid and acrylic acid were purified by vacuum distillation, triethyleneglycol dimethacrylate, benzoyl peroxide (all AIDRICH ) and other reagents, GR, were used as received.
After treatment resin beads were dried in air and sieved to isolate working fraction 0.2-0.315mm.
Specific swelling of cation-exchanger in different solutions was determined in calibrated cylinders after equilibrating of cation-exchanger beads having known moisture with corresponding 0.05M acetic buffer solution during 24h. Acetic buffer solution contained 0, 0.1 M, 0.2 M or 0.3 M NaCl.
Corresponding pH value setting was done using 1.0 M NaOH solution.

Specific swelling was calculated as:

SS, ml/g = Vsorb/[msorb(100-W)-2], were  Vsorb- swollen sorbent volume, ml;

                                                                msorb- air-dried sorbent mass, g;

                                                                W- moisture content in sorbent, %.         
BSA (SIGMA) is characterized by IP 4.7-4.9 and MM 69,000.

BSA sorption has been done from 0.05 M acetic buffer solution having pH 4.5, 5.0 or 5.5 and 0, 0.1M, 0.2 M or 0.3 M NaCl at temperature 20±10C. BSA content in the solutions was 5 mg/ml. 
50 mg of air-dried sorbent with known moisture was equilibrated with corresponding 0.2 M acetic buffer solution. Sorbent beads were isolated and located into flasks contained 50 mg BSA and 10 ml of 0.05 M acetic buffer solution which has corresponding pH value and NaCl concentration. Closed flasks were shaken at Orbital Shaker OS-10 (Biosan) during 2 h at 170 rpm. Than sorbent beads were isolated, washed with distilled water (30 ml) and located into flasks containing 5 ml of 1 M NaOH solution. After shaking during 1 h at 170 rpm desorbates were analyzed by Bradford method. Concentration of protein complex with Brilliant Blue G (SIGMA-ALDRICH) was measured photometrically at 600 nm using Spectrophotometer YENWEY 6300. 
Sorption of protein was calculated as:

SC, mg/g = Cd Vd/[msorb(100-W)-2],  were  Cd- protein concentration in desorbate, mg/ml;
                                                                    Vd- volume of desorbate, ml;

                                                                     msorb- air-dried sorbent mass, g;

                                                                     W- moisture content in sorbent, %.

The time of sorption (2 h) was preliminary chosen from sorption kinetics (Fig. 1).
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Fig. 1. BSA sorption kinetics on K-12/150, fraction 0.200-0.315mm
Results
Sorption of proteins onto carboxylic cation-exchanger governs by a lot of factors having structural and functional character. The main component of multifarious interaction between carboxylic cation-exchanger and protein is considered to be electrostatic interaction which can be accompanied by other types of interaction. That means exceptional significance of functional groups condition which depends on environment parameters. 

Sorbent used in present study K-12/150 has two types of carboxylic groups:  [>C(CH3)COOH]  and
[>CHCOOH]. Cation-exchanger has aliphatic hydrophilic polymer matrix which is thermodynamically flexible enough.      

Porous structure of the sorbent is the result of sedimental polymerization moreover which takes place in the presence of a diluent. As shows SEM image sorbent beads include micro globules and, accordingly, spaces between them which must be permeable for protein molecules (Fig.2).
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Fig. 2. SEM image of cation-exchanger K-12/150 (crack)

Physico-chemical properties of cation-exchanger was determined as in [8].
Physico-chemical parameters of K-12/150 
	Static exchange capacity in 0.1 N NaOH, mekv/g 
	10.2

	Specific swelling in water, ml/g
	3.2

	pKα=0.5 in 0.1 M NaCl,  α- ionization degree
	6.6


High content of functional groups in the sorbent (10.2 mekv/g) provides its sensibility to surroundings` factors, especially to solution pH value and ionic strength. Specific swelling of a sorbent specifies equilibrium state between hydration forces promoting polymer chains expending in the solution and 3-D polymer network elastic strength trending to compression.
Specific swelling of cation-exchanger K-12/150 changes differently with NaCl concentration increase in solutions with different pH (Fig.3). pH value increase from 4.5 till 5.5 leads to specific swelling growth due to ionization degree increase and larger hydration of charged fixed ions. The increase is most noticeable in the solutions without NaCl. The salt concentration increase does the growth of specific swelling of another kind and not so sharp. 
The increase of NaCl concentration from 0 till 0.3 M causes slight increase of specific swelling at pH 4.5 and decrease at pH 5.5. In the pH interval ~5.2-5.3 specific swelling is practically independent from NaCl concentration.
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Fig. 3. Specific swelling of cation-exchanger K-12/150 at different pH and NaCl concentration
The influence of NaCl concentration on BSA sorption onto cation-exchanger has different character depending on pH value (Fig. 4). The increase of salt concentration from 0 till 0.3 M causes the increase of BSA sorption at pH 4.5. Sorption capacity of K12/150 shows slight maximum with NaCl concentration growth at pH 5.0. NaCl concentration increase from 0.1 M till 0.3 M leads to sharp decrease of BSA sorption at pH 5.5.
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Fig. 4. BSA sorption capacity of K-12/150 at different pH values and NaCl concentration.

pH-Dependence of BSA sorption has maximum at about pH 5 (Fig. 5). 

Salt concentration increase causes deviation of sorption pH-dependence maximum to acidic area.
BSA sorption regularities can be partially explained by carboxylic groups` ionization increase at the same pH with the increase of NaCl concentration. The value of cation-exchanger pKα=0.5 decreased largely with the increase of NaCl concentration, e.g. [6].

Carboxylic groups’ ionization increase with NaCl concentration growth has positive effect on BSA sorption at pH 4.5 when functional groups are not ionized enough. Ionization increase has negative effect at pH 5.5 when ionization of carboxylic groups is larger than optimal for BSA sorption. Near the pH of maximal sorption this effect is more complicated but not so large.
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Fig. 5. pH-Dependence of BSA sorption onto K-12/150 from solutions with different NaCl concentration
The state of BSA also must be taken into consideration. BSA IP is 4.7-4.9 and at pH 5.0 negative charges prevails in protein. Therefore BSA interaction with non ionized carboxylic groups in K-12/150 is successful and depends on quantitative balance of charged groups in the protein and cation-exchanger. 
Practical use of cation-exchanger puts forward the evaluation of osmotic stability of the material. 

Volume change of K-12/150 in transition H+ → Na+ - form is about 90% when solution does not contain NaCl. pH value  increase from 5.0 till 5.5 causes sorbent volume increase at about 30%, but in 0.1 M NaCl solution this increase is only 20%.
Conclusions 
BSA sorption onto carboxylic cation-exchanger K-12/150 having both methacrylic and acrylic acids groups is influenced not only by solution pH value but also by neutral salt concentration. The character of NaCl concentration influence on BSA sorption differs at different pH values of the solution. 

The increase of NaCl concentration from 0 till 0.3 M causes BSA sorption increase at pH 4.5 and sharp decrease at pH 5.5.
Specific swelling of cation-exchanger changes differently at pH 4.5 and 5.5 with NaCl concentration increase from 0 till 0.3 M. At pH 4.5 and 5.0 NaCl concentration increase causes the increase of cation-exchanger specific swelling, but at pH 5.5 specific swelling decreases with salt concentration increase.

In conditions of experiment the optimal pH value for BSA sorption is about 5.0 and NaCl concentration ~0.1 M.

References
1. Шатаева Л.К., Кузнецова Н.Н., Елькин Г.Э. Карбоксильные катиониты в биологии.- Ленинград: Наука, 1979. -286 с.
2. Effect of the amino acid composition of protein on its binding to carboxylic cation exchangers /L.K.Shatayeva, V.G.Kreiyer, S.S.Pokrovskaya, K.I.Radzyavichyus, G.V.Samsonov // Polymer Science U.S.S.R. – vol. 27, issue 1, (1985), p.51-56.
3. Shatayeva L.K., Radzyavichyus K.I., Samsonov G.V. Influence of the acidity of the ionogenic groups of a network polyelectrolyte on the strength of protein – polymer complex //  Polymer Science U.S.S.R. – vol. 27, issue 4, (1985), p.782-788.
4. Ochkur O.V., Demin A.A. Cation-exchangers for selective sorption of large proteins // J. of Chromatography B. – vol. 849, issues 1-2, (2007), p.231-235.

5. Крылова В., Гибиетис Я.,  Аренс Э. Структура карбоксильных катионитов с фрагментами акриловой и метакриловой кислот // Latvijas Ķīmijas žurnāls. – Nr. 2, (1994), 226.-233. lpp.
6. Cation-exchange resins having both methacrylic and acrylic acid groups: structure and sorption of albumin / V.Krilova, R.Cimdins, L.Berzina, J.Bossert, J.Gibietis // Rīgas Tehniskās universitātes zinātniskie raksti. 1.sēr., Materiālzinātne un lietišķā ķīmija. - 9.sēj. (2004), 92.-99. lpp.
7. Influence of ionization degree on physicochemical properties of carboxylic cation-exchange resin / V.Krilova, V.Vitins, R. Cimdins, L.Berzina-Cimdina // Rīgas Tehniskās universitātes zinātniskie raksti. 1.sēr., Materiālzinātne un lietišķā ķīmija. – 13. sēj. (2006), 66.-70. lpp.
8. Полянский Н.Г., Горбунов Г.В., Полянская Н.Л. Методы исследования ионитов. – Москва: Химия, 1976.- 208 с. 
Valentina Krilova, Dr.chem., leading researcher, 

Riga Technical University, Institute of Biomaterials and Biomechanics,

Address: Azenes str. 14/24, Riga, LV-1048, Latvia.

Phone: 29729596; e-mail:  v.krilova@inbox.lv
Krilova V. Likumsakarības, saistītas ar albumīna sorbciju uz karboksilkatjonīta.
Pētītas likumsakarības, saistītas ar vērša plazmas albumīna sorbciju uz poraina karboksilkatjonīta – metakrilskābes, akrilskābes  un kross- aģenta terpolimēra. Izskatīta nātrija hlorīda  koncentrācijas izmaiņas ietekme intervālā 0-0.3 M un šķīduma pH lieluma (4.5, 5.0 un 5.5) uz albumīna sorbciju. Parādīts, ka nātrija hlorīda koncentrācijas ietekme uz proteīna sorbciju ir dažāda atkarībā no šķīduma pH lieluma. Sāls koncentrācijas palielināšana pētītā intervālā izraisa proteīna sorbcijas palielināšanu šķīdumā ar pH 4.5. Katjonīta sorbcijas kapacitātes atkarība no sāls koncentrācijas palielināšanos pie pH 5.0 raksturojas ar līkni ar vāju maksimumu. Savukārt, pie pH 5.5 nātrija hlorīda koncentrācijas palielināšana no 0.1 līdz 0.3 M izraisa proteīna sorbcijas asu samazināšanu. Atrasto likumsakarību interpretācija saistīta ar funkcionālo grupu jonizācijas pakāpes izmaiņām. Paradīta nātrija hlorīda koncentrācijas un šķīduma pH  ietekme uz sorbenta specifisko uzbriešanu, kura izmainās dažādi ar sāls koncentrācijas palielināšanos pie dažādiem pH lielumiem.
V.Krilova. Regularities of albumin sorption on carboxylic cation-exchanger.

Regularities of bovine serum albumin sorption on carboxylic cation-exchanger have been studied. The porous  cation-exchanger was synthesized by terpolymerization of methacrylic and acrylic acids and cross-agent. The influence of sodium chloride concentration in interval 0-0.3 M and the solution pH value (4.5, 5.0, and 5.5) on albumin sorption has been considered.  Sodium chloride concentration influence on protein sorption   was shown to have different character depending of solution pH value. Salt concentration increase in studied interval causes protein sorption increase at pH 4.5. The cation-exchanger capacity dependence from salt concentration at pH 5.0 is characterized by curve with slight maximum. The increase of sodium chloride concentration from 0.1 till 0.3 M in solution having pH 5.5 leads to sharp decrease of protein sorption. The interpretation of regularities found was done considering functional groups` ionization degree change. Sodium chloride concentration and solution pH influence  on the sorbent specific swelling  has been shown. Specific swelling of cation-exchanger changes differently with salt concentration increase at different solution pH values.  
 В.Крылова. Закономерности сорбции альбумина на карбоксильном катионите.

Изучены закономерности сорбции бычьего сывороточного альбумина на пористом карбоксильном катионите, представляющем собой терполимер метакриловой и акриловой кислот и кросс-агента. Рассмотрено влияние на сорбцию альбумина концентрации хлорида натрия в интервале 0-0.3 М и величины рН раствора (4.5, 5.0 и 5.5). Показано, что влияние концентрации хлорида натрия на сорбцию белка на катионите имеет различный характер в зависимости от  величины рН раствора. Увеличение концентрации соли в изученном интервале вызывает увеличение сорбции белка при рН 4.5. Зависимость сорбционной  ёмкости катионита от концентрации соли имеет небольшой максимум,  когда сорбция проводится при  рН 5.0. В свою очередь при рН 5.5 увеличение концентрации хлорида натрия с 0.1 до  0.3 М приводит к резкому снижению сорбции белка. Интерпретация обнаруженных закономерностей проведена с учётом изменения степени ионизации функциональных групп катионита. Показано также влияние концентрации хлорида натрия и рН раствора на удельную набухаемость сорбента, которая изменяется различным образом при увеличении концентрации соли при разных значениях рН. 






















































