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Introduction

PCR or Polymerase Chain Reaction is a technique widely
used in molecular biology laboratories. Since it was developed in
1983, many procedures use this technique as a basic principle, for
example: forensic tests, diagnosis of diseases, phylogenetic studies,
identification of mutations, nucleotide sequencing, among others
[1-3]. In our procedures of IGF-I diagnostic, we use the techniques
of northern blot, western blot, Elisa, immunocytochemistry and
cytofluorometry, and the technique of PCR seems still the most
rapid and useful in clinical laboratory [4,5] The IGF-I test is among
the most important indications for precancerous diagnostic [6].
Therefore, the accessibility of PCR technique giving increased
efficiency and rapidity has become a goal to establish a new
methodology. The traditional thermal cycler consists of a metal
plate or block that has the Eppendorf tubes located at the top, and
at the bottom is an electrical device that uses Peltier technology to
increase or decrease the temperature according to the requirements
of the cycle. There are temperature sensors distributed below the
block (Figure 1).
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Figure 1: General diagram of a conventional thermal cycler.

For PCR tests, a commercial thermal cycler is relatively
expensive. There are several models of low cost thermal cyclers,
but they are generally inefficient or inaccurate and also have high
energy consumption which is an obstacle for mobile laboratories
supported by a limited energy source [7]. Given this challenge,
we have developed a low-cost thermal cycler that offers better

Biomedical Journal of
Scientific & Technical Research (BJSTR)

efficiency with lower energy consumption, an important asset to
enable the use of PCR technique in developing countries.

Methodology
Thermal Cycler with Movement

This thermal cycler was designed with the purpose of
decreasing the time it takes the sample to reach the desired
temperatures. To achieve this goal, it was necessary to change the
principle of operation of the machine; instead of using chillers
and heaters, the machine uses an Arduino board to control a
mechanical system composed of two motors, two conveyor belts,
two transverse pinions and a tray where the samples are located
(Figure 2) [8]. This system introduces and removes the samples in
a bath of glycerin hot at 108 °C, the program of the microcontroller
constantly monitors the temperature inside the Eppendorf tube,
in this way the exact time is used and necessary to complete the
reaction.
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Figure 2: Thermal cycler mechanism with movement.
Perspective of the complete machine. See, on the left part
of thermal cycler, the pinion coupled to the tray in charge

of the translation.
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Stages of the Thermal Cycler with Movement

To go through all the stages of the cycle, this thermal cycler has
to constantly monitor the temperature inside the Eppendorf tube.
The way in which the thermal cycler complies with each process is
described as follows (Figure 3):
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Figure 3: Thermal cycler with movement. Transition
movement of the pinion. (1) Denaturation; (2) Extension;
(3) Alignment. The electrical resistance should be turned on
and off constantly as necessary to maintain the temperature
at 108 °C. One of the eight tubes has a temperature sensor

inside.
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a) Denaturation: The motors rotate to move and submerge
the tubes in the bath at 108°C. The microcontroller must wait
until the temperature of the tube reaches 94 °C, when this
happens the motors retreat to remove the tubes.

b) Alignment: The motors keep going back until reaching the
bath with water at room temperature. The microcontroller
must wait until the tube temperature reaches 55 °C, when this
happens the motors advance to remove the tubes

c) Extension: The motors advance until submerging the
tubes in the hot bath. The microcontroller waits until the tube
temperature reaches 72 °C. In this step the reaction is enzymatic
therefore it needs to maintain the temperature for a certain
period of time. This is achieved by removing and introducing
the tube as necessary; when the temperature reaches the lower
limit (71 °C), the tube is introduced, and when it exceeds the
upper limit (73 °C), the tube is removed. The machine in this
step would be constantly seen between positions 1 and 2 of
Figure 3.

Results and Discussion

Several advantages can be highlighted in this new thermal
cycler with respect to the traditional model. In this thermal
cycler, no specific brands of tubes are needed to work in optimal
conditions, since the contact area with the liquid medium is always
the maximum. This is also an important factor in increasing the
heat transfer rate. This equipment allows a more exact control in
the duration of the periods and the temperatures of the cycle, this
entails to a saving of time. The only device that has a considerable
expenditure of energy in this machine is the electrical resistance,
but it is not an important expense compared with the Peltier
device of the conventional thermal cycler. Once the bath is hot, the
resistance is switched on intermittently for short periods of time
each time the temperature decreases, making the expense much
lower.

All the materials and electronic devices that are part of the
machine are easy to obtain, which makes it perfect for alow-resource

laboratory. The PCR of IGF-I using a classical thermal cycler and the
thermal cycler with movement are presented below (Figure 4). The
timing of classical thermal cycler and a new thermal cycler are as
2:1. The classical thermal cycler took 80 minutes while the thermal
cycler with movement took practically 40 minutes. There is a high
probability that the time using thermal cycler with movement can
be shortened even more - the whole PCR taking about 30 minutes
(the work in progress). The new PCR technological approach will
serve to measure the expression of other antigens engaged in IGF-I
gene therapy [9].
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Figure 4: IGF-1 genetic testing using PCR technique [8]. (a,
d) DNA of IGF-I using classical thermal cycler; (b,e) control
negative sample; (c, f) DNA of IGF-I using thermal cycler
with movement; (a) and (c) the results obtained after 80
minutes; (d) and (f) the results obtained after 40 minutes:
note that intensity of band (d) is smaller than that of
band (f); (m) Marker (PCR markers, Promega corporation).
Note: 200-300 bp of positive bands (a,c,d,f). In parallel to
amplified gene of IGF-I, COX1 gene (cytochrome oxidase I)
was tested showing the similar results (the data not shown).
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