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Abstract. In this review the properties of annealed, quenched and betainic (or zwitterionic) 

polyampholytes in solution and gel state are analyzed. The stimuli-responsive character of water-

soluble and water-swelling polyampholytes exhibiting temperature-, salt-, pH-, solvent-, DC- and 

bio-sensitivity is considered. Self-healing and shape memory behavior of polyampholyte gels is 

also in the eyeshot of this review. Catalytic properties of metal nanoparticles and enzymes 

immobilized within macroporous polyampholyte cryogels to design stable, active and selective 

flow through catalysts in reactions of hydrolysis, hydrogenation and oxidation of various 

substrates are highlighted. Future perspectives in development of polyampholytes are outlined. 
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1. Historical background on development of polyampholytes 

The intensive development of research on polyampholytes since 1950s has included the 

pioneering studies of Alfrey, Morawetz, Fuoss [1-3], Katchalsky [4-6], Ehrlich, Doty [7]. The 

interest to polyampholytes was due to several reasons. The first is the similarity of the 

hierarchical structure of amphoteric macromolecules to the structural organization of proteins 

[8,9]. The second is the modeling of the protein folding mechanism by synthetic polyampholytes 

[10]. The third is utilization of amino acids in obtaining amphoteric polypeptides [11-16], and 

forth is possibility of preparing semi-natural polyampholytes by modification of natural building 

blocks [17, 18]. 

One of the fundamental findings discovered in the last century with respect to 

polyampholytes is so-called antipolyelectrolyte effect [7, 19-26] that is related to the unfolding of 

annealed polyampholytes at the isoelectric point (IEP) or charge-balanced quenched 

polyampholytes in quasi-neutral state in the presence of salts. Another phenomenon is so-called 

isoelectric effect [27-32] that is connected with cooperative release (or detachment) of 

preliminary bondedlow- or high-molecular-weight substances at the IEP of annealed 

polyampholytes or at quasi-neutral state of charge-balanced quenched polyampholytes as a result 

of competition between inter- and intra-macromolecular (inter-MMC and intra-MMC) 

complexation.  

The third finding is the structural and behavioral similarity of blockpolyampholytes and 

interpolyelectrolyte complexes (IPEC) –the products of interaction between oppositely charged 

linear polyelectrolytes [33-40]. 

Definitions and classifications of polyampholytes are given in Refs. [41-44]. Annealed 

polyampholytes consisting of acid-base monomers are ionized as a function of pH, whereas 

quenched polyampholytes retain their respective charges independently of pH. Combination of 

the weak acid/cationic or weak base/anionic monomers along macromolecular chains is defined 

as semi-annealed or semi-quenched polyampholytes. Polymeric betaines or synonymously 

zwitterionic polymers represent a unique subclass of polyampholytes containing acid/base or 

anionic/cationic groups on the same pendant monomeric units. In polybetaines the cationic group 
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is represented by quaternary ammonium groups, while the anionic groups can be carboxylate 

[poly(carbobetaines)], sulfonate [poly(sulfo betaines)] and phosphate (or phosphinate, 

phosphonate) groups [poly(phosphobetaines)].If the cationic-anionic monomer pairs compensate 

each other without counterions they can be represented as zwitterionic polymers [45-50] or 

polyampholytic ionic liquids [51, 52]. In the current literature, the terms ―zwitterionic 

polyampholytes‖, ―polybetaines‖, ―zwitterionic polyelectrolytes‖, ―polyzwitterions‖ are also 

widely used. Examples of annealed quenched, betainic, semi-annealed or semi-quenched 

polyampholytes are shown in Fig. 1. 

 

 
 

 
 

1 2 3 4 

 

 
 

 

5 6 7 8 

 
Figure 1. Repeating monomeric units of annealed (1), quenched (2), zwitterionic (3, 4), quenched betainic 

(5), annealed betainic (6) and self-annealed (or self-quenched) (7, 8) polyampholytes 

 

The behavior of polyelectrolytes and polyampholytes in aqueous-salt solutions is quite 

different [53]. For instance, in salt solution the electrostatic repulsion between uniformly charged 

macroions is screenedand the macromolecular chain is coiled and its behavior tends to be close to 

neutralpolymer (polyelectrolyte effect). In contrast, annealed polyampholytes at the IEP and 

quenched polyampholytes as well as polymeric betaines and zwitterionic polymers in a quasi-

neutral state unfold in salt solution due to screening of the electrostatic attraction between 

oppositely charged moieties (antipolyelectrolyte effect).  

A renewed interest in polyampholytes is expected to result from evaluation of the 

microstructure and properties of linear and crosslinked amphoteric macromolecules, 
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accompanied by systematic evaluation of the literature [54-59]. 

 

2. Behaviors of annealed, quenched and zwitterionicpolyampholytes in aqueous-salt 

solutions 

The composition, microstructure, charge distribution and density, molecular weight are the 

key parameters for a comprehensive analysis of the structure-properties-function relationships of 

polyampholytes [60-68]. Conformational change of annealed polyampholyte as a function of pH 

and ionic strength of the solution () is shown in Fig. 2a [23]. The quenched polyampholyte gel 

exhibits a minimal swelling degree when the total charge is close to zero (Fig. 2b) [69]. Deviation 

from the IEPfor linear annealed polyampholyteand/or excess of anionic and cationic monomers 

in quenched polyampholyte gel leads to unfolding and swelling of macromolecular chains and the 

macromolecules behave like ordinary polyelectrolytes, e.g. the viscosity (or swelling degree) 

decreases with increasing of the  (Fig.2, blue arrow). An opposite, so-called antipolyelectrolyte 

effect is observed at the IEP oflinear annealed polyampholyte and crosslinked charge-balanced 

quenched polyampholyte. The intrinsic viscosity [] ofannealed polyampholyte increases with 

increasing of the (Fig.2, red arrow). Hydrogels of quenched polyampholyte prepared from 2-

(methacryloyloxy)ethyltrimethylammonium chloride (MADQUAT) and sodium 2-acrylamido-2-

methylpropanesulfonate (AMPS) (MADQUAT-co-AMPS) are in swollen and collapsed states in 

dependence of the net charges expressed as f = f

f


, where f


 and f


 are the molar ratios of 

cationic and anionic monomers to the total monomer concentration, respectively [69]. In pure 

water when the molar ratio of cationic to anionic groups approaches to unity the opposite charges 

act as physical crosslinks stabilized by inter-MMC and/or intra-MMC and the liberated free 

counterions are effectively ―dialyzed‖ from the hydrogel interior. As the concentration of the 

anionic and cationic parts deviates from the equimolar ones f 0 the swelling ratio Qe increases 

rapidly because the number of osmotically active ions in the hydrogel phase increases according 

to Donnan equilibrium. 
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Figure 2.a) pH-dependent changing of the []of annealed polyampholyte in the presence of 0.005 (1), 0.01 

(2), 0.1 (3), and 0.3M KBr (4). Reprinted from Ref. 23;b) Behavior of quenched polyampholyte MADQUAT-co-

AMPS in pure water and 2 molL
-1 

NaCl solution. Redrawn from ref.  69 

 

The behaviors of random quenched polyampholytes composed of anionic monomer – 

sodium salt of 2-acrylamido-2-methyl-1-propanesulfonic acid (AMPS) and cationic monomer – 

(3-acrylamidopropyl)trimethylammonium chloride (APTAC) (abbreviated as AMPSm-co-

APTACn where m = 25, 50, and 75 mol.%, n = 75, 50, and 25 mol.%) were evaluated in aqueous-

a) b) 
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salt solutions [70]. It was found that in aqueous KCl solutions, the []of charge-unbalanced 

polyampholytes – AMPS25-co-APTAC75 and AMPS75-co-APTAC25 decrease while the [] of 

charge-balanced polyampholyte – AMPS50-co-APTAC50 increases demonstrating 

antipolyelectrolyteeffect. Increasing of the []of charge-balanced AMPS50-co-APTAC50in salt 

solution is due to destruction of intra- and interionic contacts between oppositely charged 

monomers. In high saline water, the electrostatic attraction between positively and negatively 

charged monomers is shielded by anions and cations of salts and the macromolecular chain 

unfolds (Fig.3).  

 

 
 

Figure 3. Unfolding of charge-balanced quenched polyampholyte AMPS50-co-APTAC50 in saline water 

 

The unique properties of polymeric betaines are the tendency of the zwitterionic fragments 

to form intragroup, intrachainand interchain contacts as demonstrated in Fig. 4. In some cases, 

interchain crosslinking may cause gelation of polyzwitterions [45]. 

 
Fig.4. Formation of intragroup (a), intrachain (b), and interchain (c) salt bonds in polybetaines 

 

Addition of salt leads to disintegration of inter-MMC and/or intra-MMC and to exhibiting 

of antipolyelectrolyte effect.Swelling of polyzwitterions is due to screening of the electrostatic 

attractions between opposite charges that diminishes both charge and crosslink density.Thus, the 

antipolyelectrolyte effect is a common phenomenon for annealed, quenched and betaine type 

polyampholytes in aqueous-salt solution [41-44]. 

 

3. Stimuli-responsive properties of polyampholytes  

 

3.1 Temperature and salt sensitive polyampholytes 

 

The polyampholytes possess thermoresponsive character and exhibit both lower (LCST) 

and upper critical solution temperature (UCST) at definite salt concentration, polymer 

concentration and molecular weight of polymers. The thermoresponsive behavior of quenched 

diblock polyampholytes composed of anionic block (AMPS)82 (where the lower subscript 82 
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indicates the polymerization degree) and cationic blocks (APTAC)n (where n = 37, 83 and 181) 

(abbreviated as AMPS82-b-APTACn) was studied in aqueous and aqueous-salt solutions [71]. All 

three quenched polyampholytes, namely PAMPS82-b-PAPTAC37, PAMPS82-b-PAPTAC181, and 

PAMPS82-b-PAPTAC83 exhibit thermo-responsive character with LCST at definite polymer (Cp) 

and NaCl concentrations (Fig.5a). Phase transitions for PAMPS82-b-PAPTAC37, PAMPS82-b-

PAPTAC83 and PAMPS82-b-PAPTAC181are observed for [NaCl] = 0.5-0.75, 0.8-1.1, and 0.7-0.9 

M, respectively. The phase transition temperature of PAMPS82-PAPTAC83 in 0.9 M NaCl shifts 

toward higher values with decreasing Cp from 10 to 1 g L
− 1

. 

 

  
Figure 5. a) Temperature dependent transmittance (%T) of aqueous solution of PAMPS82-b-PAPTAC83 at Cp 

= 10 gL
-1

 and [NaCl] = 0.80 (1), 0.85 (2) 0.90 (3), 0.95 (4), 1.00 (5), 1.05 (6), 1.10 (7). Reproduced from Ref. 71;b) 

Temperature dependent transmittance (%T) at 700 nm for aqueous solutions of P(VBTAC/NaSS)97 at Cp = 2.0 gL
-1

 

as a function of temperature at different NaCl concentrations with cooling. Reproduced from Ref. 72 

 

Quenched polyampholytes composed of vinylbenzyl trimethylammonium chloride 

(VBTAC) and sodium p-styrenesulfonate (NaSS) [P(VBTAC/NaSS)n] exhibits UCST behavior 

in aqueous NaCl solutions at Cp= 0.5-5.0 gL
-1

 [72]. The shifting of the UCST to higher 

temperature takes place upon increasing the polymer concentration and molecular weight. 

However, the UCST decreases by increasing the salt concentration (Fig.5b). 

 

3.2 pH and solventsensitive polyampholyte gels 

 

The pH [73, 74] and solvent-responsive [75, 76] properties of polyampholytes are 

demonstrated for [3-(methacryloylamino)propyl]trimethylammonium chloride-co-acrylic acid 

(MAPTAC-co-AA), MAPTAC-co-sodium acrylate (MAPTAC-co-SA) and polybetaine gel (Fig. 

6).  
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Figure 6. a) Equilibrium swelling degree d/d0 of MAPTAC-co-AA gel in water as a function of pH 

(Reproduced with permission from Ref. 73). b) Temperature- (1) and solvent-dependent (2) volume phase transition 

of MAPTAC-co-SA gel. (Reproduced with permission from Ref. 74). c) Swelling-shrinking of polybetaine gel in 

water-acetone (1,3) and water-ethanol (2,4) mixtures. SEM pictures of polybetaine gel in water and acetone. 

(Reproduced with permission from Ref. 75). 

 

At pH 6.4 the MAPTAC-co-AA has a diameter d = d0 that is referred to phase 1 (d/d0 = 1). 

At pH = 8.5 the gel swells discontinuously to phase 2.7 (Fig.6a). If the pH decreases from 8.5 to 

7.0 the gel returns to phase 1 discontinuously.  If instead the pH increases further from 8.5 to 9.8 

and goes back from this point, the gel collapses into phase 1 at pH 6.4. Multiphasic pH-dependent 

behavior of MAPTAC-co-AA [73] and 4VP-AA [77] in a wide range of pH including the pHIEP 

along the plateau regime is due to the fact that pH inside the hydrogel remains at the pHIEP 

although the external pH in bath changes over a wide range. This swelling-collapsing behavior of 

polyampholyte gels due to pH difference between the inside and outside of amphoteric network is 

adequately described by Flory-Rehner swelling theory coupled to the Donnan equilibrium. 

Thermoshrinking of amphoteric MAPTAC-co-SA gel [74] is originated from a relative ratio of 

hydrophobic group to hydrophilic group while discontinuous volume-phase transition of 

MAPTAC-co-SA in water-acetone mixture is characterized by the specific binding between the 

oppositely charges (Fig. 6b).In pure organic solvents (ethanol or acetone) the polybetaine gel 

collapses due to significant suppression of ionization and poor thermodynamic quality of solvents 

with respect to ionizable groups of polyampholytes. SEM pictures taken in water and acetone are 

also in good agreement with swelling-shrinking behavior of such hydrogels (Fig. 6c). 

 

3.3 DC responsive polyampholyte gels 

 

The direct current (DC) responsivity of polyampholyte gel specimens was considered in 

Refs. [78-80]. It has been found that the polyampholyte gel shrinks, swells or oscillates at the 

pHIEP. These results were interpreted in terms of redistribution of fixed and mobile ions, the 

Donnan equilibrium and water dissociation. The appearance of pH gradient inside of 

polyampholyte gel samples induced by DC electric field was tested for anionic, cationic and 

amphoteric gels [81, 82]. The pH profiles of anionic polyelectrolyte – poly(sodium acrylate) and 

cationic polyelectrolyte – poly(vinyl ether of ethanolamine) have no any considerable pH 

deviation in an applied external DC electric field. Whereas for equimolar amphoteric gel 

composed of sodium acrylate and vinyl ether of ethanolamine (SA-co-VEMEA) the applied DC 

electric field leads to appearance of linear stable pH gradient. The central part of gel specimen 

adopts neutral pH while near of cathode and anode sides the pH value is more acidic and basic 

respectively (Fig. 7a). Based on this principle it is suggested a novel approach for separation of 

protein mixture within monolithic polyampholyte gel [81, 82]. In a new approach the proteins to 

be separated are concentrated in appropriate pH zones of amphoteric gel according to their 

isoionic points (pHIIP) (Fig. 7b). The advantage of this method is that the gel matrix and 

amphoteric buffer is combined in one and the same sample[83].  
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Figure 7. a) Appearance of pH gradient near of anode (1), central (2), and cathode (3) sides of SA-co-

VEMEA amphoteric gels specimen at E = 10 V. Ref. 111;b) Scheme of separation of proteins within monolithic 

amphoteric gel under externally imposed DC. (Reproduced from Ref. 82) 

 

3.4 Biosensitive system based on polyampholyte gels 

 

Kokufuta et al. [84] developed polyampholyte hydrogels consisting of N-

isopropylacrylamide (NIPAM), acrylic acid (AA) and N-vinylimidazole (VI) monomeric units 

with co-immobilized glucose oxidase and urease. Such system is able to convert biochemical 

energy to mechanical work and serve as a biocatalyst through the positive feedback mechanism. 

A swollen gel shrinks at the IEP (pH  6-7) and swells upon deviation from the IEP. Swelling 

and shrinking of amphoteric gel containing both glucose oxidase and urease is demonstrated in 

Fig.8.  
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Figure 8. Swelling and shrinkingof NIPAM-co-AA-co-VI polyampholyte gels with co-immobilized enzymes 

upon alternative addition of urea and glucose. (Redrawn from Ref. 84) 

 

Ureasa decomposes the  urea  to ammonia and carbon dioxide and increases the pH while 

glucose oxidase produces gluconic acid and decreases the pH. Consequentlyin the presence of 

glucose the hydrogel swells due to ionization of imidazole groups, in the presence of urea the 

hydrogel swells due to ionization of carboxylic groups. Thus, permanent addition of urease 

and/or glucose oxidase to NIPAM-co-AA-co-VI containing co-immobilized 

enzymesdemonstrates time-dependent oscillation of amphoteric gel. 

The impact of pH-coupled with oxygen stimuli on osmotic pressure and electrical potential 

responses of hemoglobin-loaded polyampholyte hydogel was studied by authors [85] for 

developing biocompatible pH- and oxygen-reactive gas carrier, bio-sensing and actuating 

materials. 

 

a) b) 
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3.5 Self-healing and shape memory behavior of polyampholyte gels 

 

 Authors [86-89] developed a new class of tough, viscoelastic and self-healing 

polyampholytehydrogels by random copolymerization of oppositely charged ionic monomers at 

high monomers concentration and equimolar monomers ratio. The unique property of these gels 

is that the strong ionic bonds play the role of permanent crosslink whilethe weak ionic bonds are 

responsible for elongation, deformation, adhesion, self-healing, and shape memory. The sense of 

self-healing is that a virgin sample after cutting the weak ionic bonds can be re-formed again and 

healed in the vicinity of surfaces (Fig.9).  

 

 
 

Figure 9. Schematic representation of self-healing of quenched polyampholyte hydrogels. Reproduced from 

ref. 88 

 

Introduction of hydrophilic or hydrophobic groups into the macromolecular chain of 

polyampholyte hydrogels drastically changes their physico-chemical and mechanical properties 

[77, 90, 91]. ―Dilution‖ of continuous charges of polyampholyte sequences by hydrophilic (or 

hydrophobic) monomers may control the formation of intra-MMC or inter-MMC leading to 

either more relaxation of chains or produce inter-MMC between the polymer chains acting as 

physical cross-link. Hydrophobically modified physical gels were prepared from annealed 

(equimolar copolymer of acrylic acid and 4-vinylpyridine (AA-co-4VP)) [77] and charge-

balanced quenched (AMPS-co-APTAC) polyampholytes [91]. As hydrophobic monomer, 

copolymer of AA-co-4VP contained stearyl methacrylate (SMA), AMPS-co-APTAC–

octadecylacrylate (ODA). Both hydrogels exhibited a high tensile strength and stretchability. Cut-

and heal testes conducted at 50 C revealed a complete healing efficiency with respect to 

Young’s modulus for quenched polyampholyte gels within 4 h (Fig. 10).  
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Figure 10. Images of healed AMPS-APTAC-ODA hydrogel specimens with 5 (a) and 20 mol.% (b) ODA 

during stretching. Reproduced from Ref. 91  

 

Shape memory behavior of quenched polyampholyte hydrogels derived from MAPTAC-

co-NaSS [86] and MAPTAC-co-NaSS-co-MAA [92] is compared in Figure 11.  

 

 

 

Figure 11. a) Shape transformation of MAPTAC-co-NaSS hydrogels from straight to spiral shape. 

Reproduced from ref. 116;b) Evolution of the shape of as-prepared P(MAPTAC-co-NaSS-co-MAA) in 0.1M NaOH 

and 0.1M HCl. Photos of MAPTAC-co-NaSS-co-MAA hydrogels: a) as-prepared; b) original shape after treatment 

by 0.1M NaOH; c) fixed temporary shape in 0.1M HCl; d) recovered shape in 0.1M NaOH. Reproduced from ref. 92 

 

The main difference between two amphoteric hydrogels is that MAPTAC-co-NaSS-co-

MAA contains additional methacrylic acid (MAA) that is sensitive to pH. In the first case an as-

prepared hydrogel MAPTAC-co-NaSS was deformed from initial straight shape to a helix shape 

and immersed in water memorizing the spiral shape. After deformation of spiral shape to straight 

shape the gel sample automatically returns to spiral shape. The memorized spiral shape is erased 

and gel recovers to its initial straight shape in 0.5M NaCl solution. This process can be repeated 

many times. In author’s opinion using the ion complexation process in water it is possible to 

―write‖ any desired shape with the help of polyampholyte hydrogels and to ―erase‖ the shape by 

destruction of polyionic complexes in NaCl. In case of MAPTAC-co-NaSS-co-MAA [92] the 

helical shape of gel was manually formed in 0.1M NaOH and fixed in 0.1M HCl. Immersing of 

a) 

b) 
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gel sample again in 0.1M NaOH solution recovered its original straight shape. The ―straight-

helix‖ transformation was repeated at least for 10 times by alternate immersing in NaOH and HCl 

solutions. Taking into account that MAPTAC-co-NaSS itself exhibit shape memory ability one 

can suppose that the presence of pH sensitive MAA units in MAPTAC-co-NaSS-co-MAA 

synergistically enhance the shape memorizing process. 

 

4. Catalytic properties of metal nanoparticles and enzymes immobilized within 

macroporous polyampholyte cryogels 

 

Macroporous amphoteric cryogels are formed in the moderately frozen solutions of 

monomeric and polymeric precursors below the freezing point of solvent [93-97]. The cryogel 

has a sponge-like morphology and pore size of several tens and hundreds of microns that allows 

free flow of fluid through microporous channels. Modified polyacrylamide-based amphoteric 

cryogels were tested as catalytically active substances in transesterification of glyceryl oleate 

[98]. The highest conversion of glyceride was equal to 88.4% and the yield of methyl oleate is 

about 64.%. Macroporous amphoteric cryogels containing metal nanoparticles in pores can be 

used for catalytic reactions as batch-type and continuous-flow-type reactors. The idea of the use 

of macroporous and supermacroporous cryogels as flow-through catalytic reactors was for the 

first time formulated in [55] and experimentally realized in [99-102] for hydrogenation of 

nitroaromatic compounds (Fig. 12).  

 

 

 

Figure 12.a) Immobilization of gold nanoparticles (AuNPs) within macroporous amphoteric cryogel 

derived from N,N-dimethylaminoethylmetacrylate and methacrylic acid (DMAEM-co-MAA);b) Hydrogenation 

of 4-NP over DMAEM-co-MAA/AuNPs catalyst;c) Hydrogenation of p-NBA over DMAEM-co-MAA/AuNPs 

catalyst (Compiled from Ref. 100) 

 

Hydrogenation of 4-nitrophenol (4-NP) to 4-aminophenol (4-AP) [103] and reduction of p-

nitrobenzoic acid (p-NBA) to p-aminobenzoic acid (p-ABA) [104] was performed with the help 

of DMAEM-co-MAA cryogel with immobilized gold (AuNPs) and palladium (PdNPs) 

nanoparticles.The kinetic parameters, turnover number (TON), turnover frequency (TOF) and 

activation energy for hydrogenation of 4-NP andp-NBA were determined. 

Recently [105] we have demonstrated the oxidation of ethanol,n-propanoland iso-propanol 

by catalase encapsulated within amphoteric cryogel matrix (Fig. 13). Chromatographic and 

chromatomass spectroscopic analysis show that at optimal conditions (temperature range 5-20 C 

and volume ratio of substrate to reducing agent is 1:1) ethanol is converted to acetaldehyde with 

a) 

b) 

c) 
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high yields  99 %, n-propanol and iso-propanol –  to propionaldehyde and acetone, respectively, 

with 95-97% yields at  room  temperature  and  atmospheric pressure. 

 

  
Figure 13. a) Encapsulation of catalase within the monolithic p(APTAC-co-AMPS) cryogel matrix; b) 

Oxidation of alcohols to corresponding key products. Reproduced from Ref. 105; 

 

5. Research perspectives of polyampholytes 

 

The statistical data surveyed during the half century demonstrate that the number of 

publications and citations on polyampholytes steadily increases starting from1970s (Figure 14).  

 

 

 

 
Figure 14. Progress of publications and citations on polyampholytes according to the data of Web of 

Knowledge, generated using the keywords ―polyampholyte‖ or ―amphoteric polymer‖ 

 

A further potential development in polyampholytes includes intrinsically disordered 

proteins (IDPs), which belong to strong polyampholytes, polypeptide-based polyampholytes and 

polyampholytic ionic liquids. Future possibilities regarding polyampholytes may be related to 

semi-natural polyampholytes that can be prepared by functionalization of natural 

polysaccharides,such as chitosan, cellulose, starch, gellan, and alginic acid, among others, 

a) b) 



RECENT ADVANCES IN SYNTHETIC POLYAMPHOLYTES 

_______________________________________________________________ 

_______________________________________________________________________________ 

Vol. 1, Issue 1, (2022)   56 

 

through introduction of either carboxylic (sulfo, phospho) or amine (ammonium, phosphonium) 

groups, or both, into the macromolecular chains. Synthetic, natural, semi-natural polyampholytes, 

ampholytic polypeptides, and IDPs might be considered as a single focal point, indicating the 

multidisciplinary character of research into amphoteric macromolecules.Understanding the 

fundamental relationships between themicrostructures and properties of synthetic, natural and 

semi-natural polyampholytes is expected to attract the attention of researchersin advanced 

theoretical and experimental investigations. 
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