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Abstract:lsoelectric focusing and chromatofocusing are techniques to separate amphoteric compounds
based on their isoelectric points. The commonest used compounds to generate a pH gradient in these
techniques are ampholytes. The prohibitively expensive cost of carrier ampholytes limits the application of
these techniques in less advantaged parts of the world. A simple and inexpensive method is described in
this paper to prepare a broad pH range (pH 3 to 11) ampholytes for use in isoelectric focusing or
chromatofocusingin any routine laboratory. The method involves crosslinking polyethylene polyamine to
create complex cross-linked polyaminesin the first step. Whereas, the second step involves reacting the
cross-linked polyamines with an unsaturated carboxylic acid to produce ampholytes. [Kalaria T NatlJ Integr

Res Med, 2021; 12(3):105-109]
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Introduction:Proteins including antigens,
antibodies and enzymes are amphoteric in nature
and can react with both acids and alkalis
depending on the pH. This property is used in iso-
electric focusing (IEF) ! and chromatofocusing??
to separate, analyse and purify the proteins.
Carrier ampholytes are the commonest
compounds used to generate a pH gradient in
both these methods. For IEF, immobilised pH
gradient is an alternative®.

Ampholytes are ionisable substances that could
form either anions or cations based on the pH
and have buffering capacity at their iso-electric
point (pl). Ampholytes migrate to their pl to form
a pH gradient in IEF and chromatofocusing. As
they approach their pl, they gradually become
less charged.

If they diffuse from their pl, they gain a net
charge and, as a result, return to the pl.
Commercial ampholytes mixtures contain
heterogeneous mixtures of numerous
zwitterionic species with a differing number, and
often different types, of acidic and alkaline
groups.

Most biological proteins have their isoelectric
points in the pH range of 3-10 and therefore
ampholytes covering this pH range are useful in
separation techniques. Ampholytes covering the
broad pH range of 3-10 as well as pH intervals of
2-4, 4-6, 6-8, 8-10 and 9-11 for better resolution
and more targeted separation are available from
various manufacturers’.

Generally, a more uniform distribution of
ampholytes species in the pH range of interest
would improve the separation of molecules of
interest. And therefore, the ampholyte
production methods that achieve more
heterogeneous ampholyte species are believed to
be more desirable. Primarily uniform buffering
ability and pl distribution; and secondarily
molecular size and conductivity decide the
suitability of an ampholyte mixture for IEF or
chromatofocusing.

Undoubtedly, the separation techniques of IEF
and chromatofocusing are useful tools for
advanced diagnostics and research laboratories.
Also, they are valuable in university laboratories
as they aid understanding of principles of these
separation techniques. However, the
prohibitively expensive cost of commercial
ampholytes coupled with relatively short shelf-
life limit the availability and applicability of these
methods in wider laboratories especially in the
less developed parts of the world. A simple and
inexpensive in-house ampholyte preparation
procedure is described in this manuscript to
mitigate these limitations.

Material & Methods: Ampholyte Synthesis:
Earlier methods of ampholyte mixture synthesis
involved selecting a few polyamine compounds
and a few polycarboxylic acid compounds and
reacting them together to form polyamine-
polycarboxylic acid mixtures °. However, the
resulting mixtures were not very heterogeneous
as the limited number of starting compounds
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used limited the number of product species
formed. This could be overcome by incorporating
a preliminary step to synthesize a mixture of
complex polyamines by crosslinking one or more
starting polyamines and thereafter in the second
step reacting these cross-linked polyamines with
one or more carboxyl group compounds’. The
method described in this paper is adapted and
simplified from the previously described
ampholyte synthesis method by McWhinney et al
’ to make it suitable for ampholyte synthesis in a
resource-limited routine  laboratory.  This
adaptation significantly simplifies materials
required, solvents used, and the technique used
to create anaerobic incubation condition. An
alternate, relatively easy, approach to produce a
more heterogeneous ampholyte mixture involves
the reaction of a carboxylic acid ester with
polyethylene polyamine followed by hydrolysis of
the product 8.

Materials Required:

e Amino Compound(S): Compound used in the
method described here is
Triethylenetetramine  (TETA, MW-146.24
gm/mol, density- 0.981 gm/mL) as it was the
largest polyamine easily available to the
author from a laboratory chemical supplier
and it was cheap. TETA is corrosive to tissues
and metals, and due care should be taken to
avoid any human or metallic surface contact.
Using a mixture of more than one starting
polyamine and even a mixture of polyamines
and amino acids would yield more complex
cross-linked polyamines and a more
heterogeneous mixture of
ampholytesthereafter. The same holds for
larger starting polyamines.

e Cross Linker: The compound used here is
diethyl malonate (MW-160.17 gm/mol,
density-1.05 gm/mL) due to its low cost and
easy availability. It is the same cross-linker
used in many epoxy adhesives. Diethyle
malonate is a colourless liquid with an apple-
like odour and naturally occurs in grapes and
strawberries. However, it could cause eye
irritation on direct contact. Many acid esters
are suitable to use as cross-linkers and using a
mixture of more than one cross-linkers will
produce more heterogeneous ampholytes.

e a-B Unsaturated Carboxylic Acid: Acrylic acid
(MW-72.06 gm/mol, density-1.05 gm/mL).

Acrylic acid is a severe irritant either on skin
contact or on inhalation. It should be handled
in a fume hood.

e Methanol

e Deionized water

e Volumetric flasks- 200 or 250 mL and 500 mL

e Glass beakers- 100 mL, 250 mL

e Weighing balance

e Parafilm

The quantities specified and the method
described here is to prepare 500 mL of
concentrated(42% w/v) ampholyte mixture using
a simple procedurewith the least intervention.

Step 1 Preparation of Complex Crosslinked
Polyamines: The procedure was started by
weighing 73.12 gm (0.5 mol, 71.73 mL) of TETA in
a 250 mL glass beaker. An equimolar quantity of
diethyl malonate (80.09 gm, 0.5 mol, 84.09 mL)
was slowly added to it. As the reactants were
thick in consistency, volume measurement was
difficult andweighing was preferred. A minor
error in weighing should not affect the results.
Diethyl malonate spontaneously reacts with air
and loses its reactivity and therefore it should be
handled as quickly as possible to minimise air
exposure. Thereafter, 20-25 ml of methanol was
added to make a slightly flowing (thin) mixture.

The mixture was transferred to a 200 or 250 mL
glass volumetric flask andadditional methanol
was added to make the volume up to the narrow
part of the flask with thorough mixing.

Carefully 7 to 8 cm height methanol was overlaid
on top of the mixture (figure 1). This was done to
cut-off air exposure of the underlying mixture in
the flask to create an anaerobic incubation
condition. The flask opening was covered with a
layer of parafilm with a pin-hole to allow
methanol vapours to escape. To avoid pressure
built up from methanol vapours,the glass stopper
of the flask was not used.

The mixture was incubated at 40°C for 18 hours
in a vented oven. The reaction temperature was
limited to 40°C as the mixture containeda
significant proportion of methanol.

The reaction mixture changed colour from light
yellow to bright red within 1 to 2 hours (figure
1B). As complex cross-linked polyamines were
produced, the reaction mixture further changed
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colour to reddish yellow with a few white/yellow
precipitates as well as yellow turbidity (figure 1C).

Figure 1: Changes In The Appearance Of The
Reaction Mixture During The Production Of

Complex Cross-Linked Polyamines.
B ™ .

(A) At the beginning of the reaction. Note the
methanol layer in the neck of the flask to
facilitate anaerobic incubation. (B) After one
hour- cross linking in progress and the reaction
mixture turns red. (C) Cross-linked polyamines-
after 20 hours at 40°C. Some vyellow-white
precipitates at the bottom, an opalescent
yellowish lower portion, orange middle portion,
reddish top portion and clear methanol above
that.

Some methanol was carefully topped up after 8-
10 hrs to compensate for evaporation to ensure
the mixture underneath is not exposed to air.

Step 2: Preparation Of Ampholytes: On average,
there remain three available polyamine groups
after cross linking per molecule of TETA added
and therefore it was estimated that 0.5 mol TETA
would have yielded 1.5 mol polyamine amino
groups’. The desired molar ratio of available
polyamine amino: acrylic acid is 2:1’. Therefore,
for 1.5 mol of polyamine amino groups, 0.75 mol
of acrylic acid was added.

At the end of 20 hours, the flask was removed
from the oven and its contents were carefully
transferred to a 500 mL glass flask.
Approximately 100 mL of deionized water was
added to it and mixed. Thereafter, 54.05 gm (0.75
mol) of acrylic acid was weighed in a 100 mL glass
beaker, in a fume hood, while avoiding skin
contact or vapour inhalation. Again, a small
measurement error is unlikely to affect the end
products ignificantly. Very slowly, the acrylic acid

was added to the 500 mL flask in a fume hood
using a 10 mL glass pipette with a rubber teat
attached on top. The mixture was mixed while
adding the acid slowly, with breaks, for the
generated heat to dissipate.

After all the acid was added, extra deionised
water was added to make the volume just below
the narrow part of the flask and the contents
were carefully mixed. Thereafter, some deionised
water was overlaid carefully in the top narrow
portion of the flask to recreate anaerobic
incubation  condition for the contents
underneath.

The mixture was incubated in vented hot air oven
at 70 °C for 16 hours. It was mixed 2 to 3 times
during the last six hours of incubation. The flask
was not covered in step 2; however, extra water
was added every few hours to compensate for
evaporation. Yellow coloured ampholytes were
obtained after 16 hours.

The produced ampholytes were cooled to room
temperature and werealiquotedin 50 mL dark
bottles to avoid light exposure. The ampholyte
solution formed was 42% w/v. The bottles
werefilledto the brim and closed air-tight to
minimise carbon dioxide from the air dissolving in
the solution.The bottles were stored at 2 to 8 °C.
Ampholytes are generally stable for over two
years if stored properly. Preservatives, if desired,
could be added to the prepared ampholytes
before aliquoting.

Results: The ampholytes produced by this
method were acidic and might require pH
adjustment before they are used for analytical
purposes. The vyellow-brown colour of the
ampholytes does not interfere with their
function. However, If desired, the colour can be
removed by passing the ampholytes through
activated charcoal ’. The author has not tried it.

The ampholytes were titrated to access the
uniformity of their buffering capacity (figure 2).

Five millilitres of the ampholytes were diluted
with approximately 30 millilitres of distilled water
and the pH was taken to <3.0 using concentrated
hydrochloric acid.

The volume was then made to 50 mL using
distilled water. The diluted mixture was titrated
with 1M sodium hydroxide at 25°C till pH 11
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while continuously stirring and measuring pH

(calibrated Systronics pH meter

model 362). The volume of NaOH added at each step was 200 pL.

Figure 2: Titration Of 50 mL 1:10 Diluted Ampholytes With NaOH. Each Point On The Graph Represents
An Addition Of 200 uL of 1 M NaOH.
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As can be seen from figure 2, the ampholytes
provided uniform buffering capacity over a pH
range of 3to 11.

Additionally, the ampholytes produced using this
method produced good results in both IEF and
chromatofocusing of haemoglobins in the
author's experiments. It is to be noted that the
ampholytes produced with this method would
not achieve very good resolution when the target
pH range is very narrow (e.g. pl of all the target
proteins in pH range 6 to 7). Production of an
even more uniform mixture or production of
ampholytes with a specific narrow pH range
could be achieved by electrolysis or other
fractionation techniques to form narrow pH
range groups and thereafter mixing the fractions
in desired proportions>®. However, this is a
complex process requiring expensive electrolysis
equipment and is beyond the scope of this
manuscript.

In summary, broad pH range ampholytes for use
in |EF or chromatofocusing could be produced in-
house by this simple and inexpe nsive method.

Acknowledgement: The author would like to
thank Dr R. Z Patel, Dr H. B. Sirajwala and the

technical staff of the Biochemistry laboratory at
Baroda Medical College for their guidance, help
and support.

References:

1. Pergande MR, Cologna SM. Isoelectric point
separations of peptides and proteins.
Proteomes [Internet].
2017;5(1):4.Availablefrom:
https://www.ncbi.nlm.nih.gov/pmc/articles/P
MC5372225/

2. Wagner G, Regnier FE. Rapid
chromatofocusing of proteins. Anal Biochem.
1982 Oct 1;126(1):37-43.

3. Mohammad J. Chromatofocusing. Cold Spring
Harb Protoc [Internet]. 2010 Feb
1;5(2):pdb.top67. Available from:
http://cshprotocols.cshlp.org/content/2010/2
/pdb.top67.full

4. Bijellgvist B, Ek K, Giorgio Righetti P, Gianazza
E, Gorg A, Westermeier R, et al. Isoelectric
focusing in immobilized pH gradients:
Principle, methodology and some
applications. J Biochem Biophys Methods
[Internet]. 1982;6(4):317-39. Available from:
https://pubmed.ncbi.nlm.nih.gov/7142660/

5. Righetti PG, Simé C, Sebastiano R, Citterio A.
Carrier ampholytes for IEF, on their fortieth
anniversary (1967-2007), brought to trial in

NJIRM 2021; Vol.12(3) May — June

eISSN: 0975-9840

pISSN: 2230 - 9969 108




Cook Your Own Ampholytes For Use In Isoelectric Focusing And Chromatofocusing

court: The verdict [Internet]. Vol. 28,
Electrophoresis. Electrophoresis; 2007. p.
3799-810. Available from:
https://pubmed.ncbi.nlm.nih.gov/17922506/

6. Vesterberg O, Larsen C, Nielsen PH. Synthesis
and Isoelectric Fractionation of Carrier
Ampholytes. Acta Chem Scand. 1969;23:2653—
66.

7. McWhinney DR, DeShong P, Rodkey LS.
Development of crosslinked polyamines
suitable for synthesizing complex ampholytes
for isoelectric  focusing. Appl Theor
Electrophor [Internet]. 1995;4(4):167-73.
Available from:
https://pubmed.ncbi.nlm.nih.gov/7599253/

8. Just WW. Synthesis of carrier ampholyte
mixtures suitable for isoelectric fractionation
analysis.  Anal  Biochem. 1980 Feb
1;102(1):134-44.

9. Gianazza E, Pagani M, Luzzana M, Righetti PG.
Fractionation of carrier ampholytes for
isoelectric focusing. J Chromatogr A. 1975 Jun
18;109(2):357-64.

Conflict of interest: None

Funding: None

Cite this Article as:Karaia T. Cook Your Own
Ampholytes For Use In Isoelectric Focusing
And Chromatofocusing. Natl J Integr Res
Med 2021; Vol.12(3): 105-109

NJIRM 2021; Vol.12(3) May — June eISSN: 0975-9840

pISSN: 2230 - 9969

109




