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ABSTRACT

The construction and testing of an electrophoresis power supply adapted from a foreign make (model ELVI
18) was studied. A dc voltage level capable of performing an electrophoretic function was constructed by
rectifying an ac voltage from a step down transformer and multiplying same to obtain 300V dc at a current
of 200mA. The component parts were first tested on a breadboard and later coupled on a Vero board by
soldering. The resulting output voltage from this network was applied to a buffer solution containing blood
sample and the test result was very comparable with that of the foreign one. It is recommended for laboratory
and biotechnological analysis of this type.
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Introduction

Electrophoresis is a separation technique that depends on the movement of charged particles within an
electric field, in which each particle moves towards the electrode of opposite electrical polarity. For instance,
when proteins are dissolved in water, they ionize. Depending on the pH of the solution, the net charge on
different proteins are usually unequal, so electrophoretic technique takes advantage of these charge differences
to effect a separation (Cooper, 1993). For a given set of solution conditions, the velocity with which a particle
moves divided by the magnitude of the electric field is a characteristic number called the electrophoretic
mobility. The electrophoretic mobility is directly proportional to the magnitude of charge on the particle and
inversely proportional to the size of the particle (Walton, 1995).

Electrophoretic techniques can be used both for separation and physical characterization of proteins. The
separation can be of low or high resolution depending on the type of electrophoresis used and the nature of
the supporting medium. Separation by electrophoretic technique is influenced by the physiochemical properties
of the macromolecule such as isoelectric point, molecular weight, the valency of a macromolecule at a specific
pH and ionic strength. The migration of the macromolecule on the other hand depends on the magnitude of
their surface charge density at a particular pH.

Each macromolecule (e.g protein) has a characteristic pH versus mobility curve which determines its
behaviour under the conditions of a particular type of electrophoresis. The concentration of acid required to
produce zero mobility is called isoelectric point ( PI). At pH values above the isoelectric point, the protein will
exhibit a net negative charge and will migrate towards the positive electrode (anode). At pH values lower than
the PI of the macromolecule, the opposite occurs. The net positive charge of the protein produces movement
towards negative electrode (cathode). By employing appropriate buffer system, protein can be made to migrate
with different velocity at a certain pH (zone electrophoresis) or stacked next to each other in sequence
according to their constituent mobilities (isotachophoresis) or focused at their isoelectric point (isoelectric
focusing). Higher resolution can be achieved by a combination of the above techniques to produce two
dimensional maps (MC Graw, 1977).

The driving force (F) of an electrophoretic system is given by 
F = qE = q V/d  (1)

where F = force exerted on an ion
E = electric field strength
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q = Net charge on the ion
V = voltage applied
d = width or distance across the electrophoretic medium.
The steady acceleration of the ion is opposed by a resistance force characteristic of the solution in which

the migration occurred and that force is expressed by Stoke’s law:
F' = 6π r η v  (2)

where F' = Counter force
r  =  ionic radius of solution
η = viscosity of buffer solution
v = rate of migration of the solution or velocity (cm/s)

F' opposes F but as the ion approaches the electrodes of opposite charges, it tends to speed up or
accelerate and the resultant of the two forces is terminal or constant velocity.

F' = F (counter force)
6 π r η v = qE
v/E =  q = U  (3)
6 π η r

U is the electrophoretic mobility.

Applications:

This device finds applications in: pharmaceutical companies when carrying out analysis on a particular
product, hospital to know the cause of a particular illness or disease, painting industry to know the various
components of a colour of paints, biochemistry to carry out analysis of the surface change of living cells, steel
and iron industry to analyze mixtures of complex metal ions, chemistry to study bacteria and viruses nucleic
acids and some types of smaller molecules including organic acids and amino acids, and hematology in the
analysis of blood protein.

Materials and method

An imported electrophoresis power supply was identified and studied. From the component layout, a simple
schematic diagram (yet capable of generating a dc voltage of 0-300v at a current of 200mA) of the power
supply was configured. The components which included capacitors (400V, 68µf), power diodes (IN4002),
variable resistor (100K) step down transformer (240V/2000mA), fixed resistors, on/off switch and light emitting
diode were purchased from a nearby market. Fig 1 forms the basis of the constructed electrophoresis power
supply.

Fig. 1: Half wave voltage doubler circuit (Anyanwu et al, 1983)

It should be obvious from the repetitive pattern of the circuit connections how additional diodes and
capacitors are being connected to the doubler circuit for obtaining higher multiple peak output voltage Vm.
Operation of the Doubler Circuit:

During the first positive half cycle, C1 charges to Vm as diode D1 conducts. During the negative half
cycle, C2 is charged through D2 to 2Vm. During the second positive half cycle, D3 conducts and voltage across
C2 charges C3 to same voltage 2Vm. During the second negative half cycle, diodes D2 and D4 conduct,
allowing C3 to charge C4 to the same peak voltage 2 Vm. The half wave voltage doubler shown in fig 1 above
can be extended to obtain any multiple of Vm from 3Vm up to 8Vm. The final circuit of this supply which
is a voltage multiplier circuit consisted of 8 diodes and 8 capacitors.
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Fig. 2: Voltage multiplier circuit

Construction:

The various components of the power supply were first hooked up on a breadboard and tested before
transferring on to a veroboard for permanent coupling by soldering. The output voltage was measured with a
digital multimeter, set on 700Vd range. A dc ammeter of 800mA range was also used to measure the output
current. 

Testing of the Electrophoresis Power Supply:

ELVI ‘18’ electrophoresis power supply was used as control for the new model electrophoresis power
supply constructed.

The Schleicher and Schuell electrophoresis foil (75 x 150 mm) were used as the supporting media while
blood plasma from a student was applied as the sample. The supporting media were saturated with buffer
solution of pH 8.6. The sample was applied on the media as small spots. Thereafter the power supply of the
two power packs i.e the imported Elvi ‘18’ and the constructed new model were switched on at constant
voltage and the required current 200mA and for the duration of time required for electrophoresis (45 min)

After electrophoresis, the power was switched off and the supporting media were removed. The strips were
oven dried at 110oC immediately. The separated components were identified accordingly using ultraviolet light
absorption.

Result and discussion

The readings of the voltmeter and ammeter of constructed electrophoresis power supply were 300Vdc and
200mA respectively. The implication of this finding is that this power supply can support the separation of
charged macromolecules. Any small particle or droplet in an electrolyte has a double layer at its surface, and
in an electric field the free charge tends to move in one direction and the bound charge in the opposite
direction, carrying the particle with it. In a dc field this results in the particles eventually reaching and being
deposited at one of the electrodes. It is this surface charges which keep the particles of colloidal suspension
or emulsion apart by coulomb electrostatic repulsion otherwise they would coagulate and be precipitated.

In an a.c field the particle will not have time to move very far during a half-cycle. In fact, even free ions
drift very slowly in an electric field. In an experiment by Sir Oliver Lodge in 1886 the velocities of most ions
in water were of the order of 5 x 10-5cm/s and OH ions 1.8x10-4 cm/s. A more easily visualized statement is
that with a potential difference of 30V, they traveled about 15cm in 18 hours and the principle is used in
chemical analytical laboratories with a distance of this order, albeit with higher voltages (McGraw, 1977). 

The result of the genotype tests were the same using the two types of electrophoresis power supplies. (i.e.
Elvi ‘18’ and the new model constructed). This finding clearly shows that the constructed electrophoresis power
supply can achieve the separation of charged macromolecules and hence could be used in a routine laboratory
analysis.

The existing electrophoresis power supply unit is complex and every expensive. For this reason the
instrument is not readily available in most laboratories where they are needed for various routine analyses. The
present work has therefore achieved the construction and testing of a cheap and simple electrophoresis power
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supply from locally available materials by adapting and simplifying the circuit of an existing imported
instrument.

Conclusion:

From the construction of the electrophoresis power supply circuit it was discovered that a complete circuit
of this nature can be made simpler by utilizing locally available materials and yet measure up in terms of
standard and quality.

However, the rate of separation of ions in most proteins differs from one another, at different voltages and
current, also the time of separation depends on the nature of the sample. Finally, the successful construction
and testing of this project has demonstrated that more of this foreign apparatus can be properly modernized
to reduce size and cost of purchase.
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