
Jouraai of_Chrornatograph_v, 130 (1977) 41-50 
0 J%e.vier Scientik Publishing Company, Amsterdam-Printed in The Netherlands 

CHROM. 934.0 

ISOELECTRIC FOCUSING AS A METHOD FOR THE CHARACTERIZATION 
OF AMPHOLYTES 

W. J. GELSEMA and C. L. DE LIGNY 

AnalyticaI Chemistry Laboratory, State University Utrecht, Croesestraat 77A, Utrechr {The 
Netherlands] 

(First received March lOth, 1976; revised manuscript received May 3rd, 1976) 

SUMMARY 

The potential properties of isoelectric focusing as a method for the charac- 
terization of ampholytes are critically analyzed in a discussion and an evaluation of 
the effects of temperature and solvent composition on the isoelectric point of an am- 
pholyte and of the effect of the solvent composition on the difference between the 
measured pH and the negative logarithm of the hydrogen-ion activity. 

INTRODUCTION 

As Haglund’ stated in 1971, “isoelectric focusing has rapidly become an im- 
‘portant tool of many researchers, mainly in biochemistry and related sciences”. 
Since 1971, its importance has further increased, in particular as a result of methodical 
contributions by Righetti and Drysdale 2, Radola3 and Rilbe and Petterson4. 

Also, according to Haglund, “the two main applications of isoelectric focusing 
are: (1) analytical or preparative separation of ampholytes, especially proteins, ac- 
cording to their isoelectric points, and (2) ch__racterization of ampholytes, especially 
proteins, by determining their isoelectric points_ This can be done simply and exactly 
in a single experiment”. 

Of these two applications, however, the former is far more often encountered. 
The latter application, viz., characterization of an ampholyte by determination of its 
isoelectric point, is not frequently reported in the literature. In fact, this deter’mination 
is not as simple and exact as might be understood from the statement quoted above. 

The main reason for this lies in the following three effects: (1) The isoelectric 
point of an ampholyte depends on the temperature. (2) The isoelectric point of an 
ampholyte depends on the solvent composition. (3) The pH, as it it is usually measured 
in a solution containing a focused ampholyte, differs from - log a; by an amount 
that depends on the solvent composition in that solution*. 

Consequently, characterization of an ampholyte by measurement of its iso- 

* An asterisk (*) is used to denote that the quantity under consideration (here the activity of H+) 
is referred to the infinitely dilute solution in the same solvent. If this symbol is omitted, the quantity 
under consideration is referred to the infinitely dilute solution in water (or is considered in a general 
WY). 
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electric point requires either standardization of the temperature during the final 
stage of the separation, of the solvent composition in the focused fraction and of the 
carrier amphoiytes, or correction for differences in both the temperature and the sol- 
vent composition occurring between different measurements. 

In the following section it will be shown that standardization of temperature 
is not generally feasible and that standardization of solvent composition is obtained 
only in some variants of isoelectric focusing. Moreover, as will be seen in subsequent 
sections, correction for differences in temperature and solvent composition cannot 
be made owing to the lack of appropriate data. 

The result of this situation is that all stated isoelectric points are beset with 
error. The magnitude of these errors, resulting from the three effects mentioned above, 
will be estimated separately. 

STANDARDIZATION OF TEMPERATURE, SOLVENT COMPOSITION AND CARRIER 
AMPHOLYTES 

The temperature prevailing during the final stage of a separation by isoelectric 
focusing results from the heat balance in the apparatus. It thus depends, on the one 
hand, upon the finai voltage, the dimensions of the apparatus, and the type and con- 
centration of carrier ampholytes and stabilizing additives, and, on the other hand, 
upon the cooling efficiency of the experimental set-up. 

Clearly, rigorous control of these factors could result in standardization of 
the final focusing temperature. However, as the specific conductance of carrier am- 
pholytes in the stationary state depends upon their isoelectric point, the final temper- 
ature is not constant over the entire pH gradient. Thus the final temperature of a 
focused zone depends upon the isoelectric point of the ampholyte focused in that 
zone; i.e., strict standardization to the same standard temperature for all ampholytes 
in one eiectrofocusing experiment is impossible and some correction of measured p1 
values will generally be necessary. Evidently, a comparison for identification purposes 
of pZ values determined by different isoelectric focusing techniques also requires cor- 
rection for temperature differences. 

. As a result of the observations of Vesterberg and Svensson5, one could imagine 
that standardization of the focusing temperature is of minor importance. In experi- 
ments on myoglobins at different focusing temperatures and different temperatures 
of the subsequent pH measurements, these authors found that isoelectric points 
pertaining to 25” (the standard temperature for pK measurements) are obtainable by 
simply making the pH measurements at 25”, irrespective of the zone focusing temper- 
ature (the differences in pl yalues found when changing the temperature of the pH 
determination from 25 to 4” were about 0.36 pH unit). A possible explanation, 
given by Vesterberg and Svensson, is that the acid-base balance of both the carrier 
ampholytes used (Ampholines, LKB, Stockholm, Sweden) and the proteins is govern- 
ed by the same type of protolytic groups, viz., carboxylic and amino groups. If this 
explanation is correct, the use of this rule with the recently introduced new types of 
carrier ampholytes, viz., Servalytes (Serva, Heidelberg, G.F.R.) and Biolytes (Bio- 
Rad Labs, Richmond, Calif., U.S.A.), could possibly give rise to errors caused by the 
temperature effect, as these ampholytes contain, in addition to the above protolytic 
groups, sulphonic acid and phosphonic acid groups. 
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Fig.-1. Values of dpK”/dT at 25” in water of the protol_ytic groups of several aliphatic carboxylic 
acidslo, hydroxycarboxylic acids”, amines*2-‘J, hydroxyamines”--I’, amino acids and dipeptides*1*‘8 
(G), aromatic carboxylic acidsI (x), aniline, toluidines and xylidineP (U), phenol, cresols and 
xylenols2’*2’ (e) and pyridine, picolines and lutidinti3 (I). Values of ApUAT for the temperature 
interval 4-25” of some proteins’ (A>_ 

the focused zone and that of the cooling liquid’. The latter is stronglyz5 technique 
and -apparatus dependent; it is probably less in thin-layer isoelectric focusingz6, in 
which cooling is efficient owing to the high ratio of cooling surface to total volume. 
However, even with this technique, the temperature difference can amount to 8” 
(ref. 27) or even 16” (ref. 28). Thus, the standard deviation due to the temperature 
effect can amount to 0.04 or even 0.08 pl units, even under such relatively favourable 
cor,ditions. 

It can also be concIuded from Fig. 1 that the temperature effect can give rise 
to far larger errors if either the carrier ampholytes or those investigated contain 
groups other than carboxylic, amino or pyridine groups. - 

CORRECTION FOR THE EFFECT OF SOLVENT COMPOSITION UPON THE ISOELECTRIC 
POINT 

Correction for differences in the solvent composition requires knowledge of 
the soivent compositions in the focused fractions and of the solvent effect upon the 

‘isoelectric point of the ampholyies. The former can, in principle, be determined, but 
the-latter is generally unknown. 

* Evidentiy, dpK/dTat the mean temperature should be used instead of that at 25”, as pointed 
orIt by Fredrikssonz4. From known values of dc, for many of the dissociation equilibria, however, it 
can be demonstrated that, on the average. values of (dpK/dT) at 0" are only slightly different from 
thDse at 25” [(dpK/dT), - 1.10 (dpK/dT)s - 0.003]. This results in an increase of only 10% in the 
standard deviation mentioned above. 
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Fig. 2. Literature values of pK* - pK (at 2.5”) for acetic acid (0) and methylammonium ion (H) in 
methanol-water (a)29-31, ethanol-water (b)32*u and ethylene glycol-water (C)~*~~ mixtures. 

In order to estimate the errors caused by the omission of a solvent-effect cor- 
rection, we present in Figs. 2a, b and c the available literature values of pK* - pK 
of acetic acid and methylammonium ion in some methanol-water, ethanol-water and 
ethylene glycol-water mixtures, and in Fig. 3 the available literature data on pK* - 
pK in 71.89 wt. % ethanol for carboxylic acids, amines and phenols (unfortunately, 
no such data exist in the solvents most utilized, viz., sucrose-water and glycerol- 
water mixtures). 

As can be seen in Figs. 2 and 3, the magnitude of the solvent effect upon the 
dissociation constant varies not only with the solvent composition, but also with 
the nature of the acid. This implies, that the magnitude of the solvent effect upon the 
isoelectric point of an ampholyte also depends upon the nature of the protolytic 
groups that determine its isoelectric point_ At present, no correction is possible, 

3 

1 

-*;--- 
2 x 

00 

I --(r___-_--_ 

1 

t 
+__----__--_-----__---_________---_______- 

--- 
-1 - 0 ds!Jie- -o_---_- 

00 so 
-2. 

-----__o__ ---o--_-_-_ 

2 3 4 5 6 7 8 9 @$Ji.ud:5~1_ 

Fig. 3. Literature values~ of pK* - pK (at 227’) in 71.89 wt. aA ethanol for several aliphatic carboxylic 
acids and amines (O), aromatic carhoxyiic acids (x), phenol, cresols and xylenols (a), and aniline, 
toluidines and xyiidines (Cl)_ 
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which may lead to considerable errors. Consider for example an ampholyte (a pro- 
tein), the isoelectric point of which is determined by protolytic groups with a solvent 
effect resembling that of the carboxylic group of acetic acid (this can be supposed to 
be true for proteins with pl values in water of 4.5-5.0). If one compares pl values of 
such a protein, obtained by isoelectric focusing in a gel containing no non-electrolyte 
additives and by density-gradient isoelectric focusing in 80% ethylene glycol, a cor- 
rection for the solvent effect upon the isoelectric point in the order of - 1.5 pH units 
should be accounted for. 

It follows from an argument analogous to that given in conjunction with Fig. 
1 that, even if data similar to those presented in Fig. 3 were available for all solvent 
mixtures employed in isoelectric focusing (so that. the average solvent effect could be 
accounted for), the standard deviation due to the solvent effect would still amount to 
several tenths of a pl unit, if the solvent effect on the isoelectric points of the carrier 
and investigated ampholytes is governed by the same type of protolytic groups. 

CORRECTION FOR THE EFFECT OF SOLVENT COMPOSITION UPON THE DIFFER- 
ENCE BETWEEN THE MEI’SURED pH AND LOG - a; 

The determination of the pH of a focused fraction, whether it contains a non- 
electrolyte additive or not, is usually performed electrometrically with a glass efec- 
trode and a cdlomel electrode_ This pH determination is based upon the measurement 
of the electromotive forces Es and Ex of the galvanic cells: 

Glass electrode 1 stand. buffer soln. S 1 satd. KC1 (as.) 1 calomel electrode (I) 

Glass electrode 1 “unknown” soln. X 1 satd. KC1 (as.) I calomel electrode (II) 

and the use of the operational pH definition:36 

Ex-Es 
pHx = pHs + (RTIn 10/F) 

where R represents the molar gas constant, F the Faraday and T the absolute temper- 
ature. 

In common practice, this determination is achieved by calibrating a pH 
meter with-the aid of a standard buffer solution S of known pHs (at the temperature 
T) and reading the pH, value (pertaining to the temperature T) of the “unknown” 
solution. 

In order to obtain pHx readings that can be identified very closely with the 
conventional values of paLsx, one must use standard buffer solutions that have the 
same solvent composition as the “unknowns”. Standard pH:-?qalues, approaching 
very nearly to pa:,,, have been published for several buffers in waterj6 (at several 
temperatures) and, among others, for some buffer solutions in methanol, ethanol 
and some of their mixtures with water (at 25°)32~37. Unfortunately, no such standard 
buffers are known in aqueous solutions of sucrose, glycerol or ethylene gIyco1. 

If one employs (as is usual) an aqueous standard buffer solution in the calibra- 
tion procedure, the meter readings obtained for pHx of non-aqueous or partially 
aqueous so@ions can no longer be identified with pa;,,, but differ from it by an 
amount 6. In this instance, Es and Ex (at 25”) are equal to: _ 
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Fig. 4. Literature values (at 25“) of 6 (0) and 6’ (I) in methanol-water (a)al, ethanol-water (t~)~’ 
and ethylene glycol-water (c)” mixtures. 

Es = &al - EDglass - 0.05916 log a, S f- . Ed S . (2) 
and 

where Gal, Eoglass and Ei represent the potential of the calomel electrode, the stan- 
dard potential of the glass electrode and the liquid junction potential, respectively. By 
combining eqns. 2 and 3 with the operational definition (I), one can easily derive 
for 6: _. 

6 = pH, - ~a~,, = 6,~ - ELS) - (E ** -EE” g135s ) OlBSS 
0.05916 

where pH, has been assumed to be equal to ~a,.~_ 
Thus 6 is composed of two terms reflecting the influence of the solvent compo- 

sition on the liquid junction potential and on the standard potential of the glass elec- 
trode. It has been proved that in methanol-water and ethanol-water mixtures, 
E’ - E,,s is nearly independent of the nature of the buffering solutes38Ao and of 
t&‘type of device forming the liquid junction of the calomel electrodeJ1. However, 
it was found42 that E”& - EoglaSS in these solvents depends on the method of fabrica- 
tion and pre-conditioning in the laboratory (rather than on the composition of the 
glass)_ This means that in these media a correction term 6’ = (E& - E,.,)/O.O5_916 
can be applied to measured pH, values, but that correction for the influence of the 
solvent composition on the standard potential of the glass electrode is not feasible_ 
Fortunately, the error made in assuming that E”fglass - Eoglnss =i 0 is not large (in 
methanol-water and ethanol-water mixtures, + 0.01 + 0.04 pH unit)_ 

6 and 6’ values have been published for methanol-water and ethanol-water 
mixtures4’ and 6 values are available for ethylene glycol-water niixtures43; they are 
represented in Figs_ 4a, b and c. Unfortunately, no such values are known in sucrose- 
water and glycerol-water mixtures. 

As can be seen in Fig. 4, the magnitude of the solvent effect upon 6, i.e., upon 
the difference pH, - pa&, depends upon the nature and concentration of the non- 
aqueous component. The errors in measured pl values, made in omitting a correction 
for this solvent effect, appear to be important; in the example depicted at the end of 
the preceding section, a correction for this solvent effect of about + 0.6 pH unit 
should be accounted for, which gives, in combination with the correction of about 
- 1.5 pH unit for the effect of the solvent composition upon the isoelectric point, 
a correction term for the total solvent effect of -0.9 pH units.- __ 
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pISCUSSI0N 

In spite of the scarcity of data relevant to the most utilized solvents, some gen- 
eral comments can-be given on the potential properties of isoelectric focusing as a 
method for the characterization of ampholytes. 

Even if it were possible to keep the difference between the final focusing tem- 
perature and the temperature of the pH determination as small as 2”, the correspond- 
ing standard deviation of the p1 values would be 0.01 (this value holds for the class 
of ampholytes the isoelectric points of which are determined only by carboxylic and 
amino groups). Uncertainties of this order of magnitude, which corresponds to the 
resolution obtainable in isoelectric focusing, govern the potentiality of isoelectric 
focusing as a method of characterization only in those variants with which standard- 
ization of the solvent composition is obtained, i.e., in zone convection and gel isoelec- 
tric focusing. In all other variants, the current practice of scrupulous notation of 
temperatures during focusing and pH measurement seems to be rather superfluous 
in view of the far greater solvent effects. 

In those cases where standardization of the solvent composition is not ob- 
tained (i.e., in density-gradient isoelectric focusing), the potentiality of the method 
as a characterization method is restrained mainly by the solvent effect upon the iso- 
eIectric point of an ampholyte. At present, a correction for the solvent effect is not 
possibIe, owing to the lack of data. This defect may cause errors of several p1 units to 
occur. Even if sufficient data were available, variations in the solvent effect for dif- 
ferent ampholytes would lead to a standard deviation of several tenths of a pl unit. 
However, even if it were possible, the use of such a correction would be meaningless 
if a correction for the effect of the solvent composition upon the difference pH - 
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Fig. 5. Literaturevalues of pK* - pK + 6 due to 5 M urea for protolyiic groups of aspartic, ben- 
zoic, acetic and maleic acids, histamine, phenol and glycine at 30” (0)‘5, bovine serum albumin at 
25” (Or”, acetic acid, imidazole, phenol and butylamine at 25” (A)“. Literature values of pZ* - pZ -I- 
6 due to 5 M urea for LKB Ampholines (pZ, 4-10) at 22” (-)*_ 
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pa; is not also applied. The latter correction could be made if 6’ values in the most 
utilized solvents were known; the inherent uncertainty would probably be of the order 
of 0.04 pH unit. 

An overall correction term, accounting for the solvent effect of urea upon the 
isoele&ic point of ampholytes (pZ* - pl) and for the accompanying changes in the 
liquid junction potential and the standard potential of the glass electrode (6), has 
been used by UP. In his work on isoelectric focusing in sucrose density gradients 
6 M in urea, he determined this correction term (pZ* - pZ f S) due to urea in this 
concentration and showed it to have a value of 0.42 pH unit, irrespective of the pZ 
value of the ampholytes studied (LKB Ampholines; pZ, PLO). This independence of 
the pZ value is, however, scarcely possible in the light of the solvent effects upon pK 
values of carboxylic acids and amines (cf Fig. 3). In Fig. 5 we collected values of 
pK* - pK + 6 due to 5 M urea, determined by other authors4547, together with 
that of pZ* - pZ + 6, determined by Ui. The distribution of pK* - pK + 6 values 
clearly bears a close qualitative resemblance to that of pK* - pK values in our Fig. 
3 and suggest that the use of an unique correction term for all pZ values is almost 
certainly incorrect. 

CONCLUSIONS 

Only those variants of isoelectric focusing in which the solvent composition 
of the focused zones is standardized (e.g., zoneconvcction, gel and thin-layer isoelectric 
focusing) are useful as a method for the characterization of ampholytes. 

The difference between the final focusing teaperature and the (standardized) 
temperature of the pH measurement should be kebt within 2’, in order to keep the 
associated standard deviation of pZ within 0.01. 

The carrier ampholytes should be matched to those investigated with respect 
to their protolytic groups. 
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