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Abstract. This paper presents a system designed for automated nucleic acid extraction machine based
on magnetic bead separation method. A hardware platform has been established which consists of
motor controlling module, temperature controlling module and a computer; also, we designed the
system software to achieve data acquisition, calculation, display, management and acid extraction
control. The sample temperature achieved the required value within 13 min, and the accuracy of
temperature control can be up to about £1 degrees Celsius, when the sample amount is the maximum
capacity of the sample matrix. And each nucleic acid purification experiment time is controlled within
60min. Plant viral RNA extraction experiments have been done on this platform. The automatic nucleic
acid extraction instrument can be successfully used for the purification of DNA and RNA, and achieved
very satisfactory experimental results.

Introduction

Automated nucleic acid extraction system based on nanobeads is widely used in genomics, molecular
diagnostics and medical science [1, 2]. As early as 1999, Hayato Miyachi et al. developed and
evaluated an automated specimen preparation instrument for the specific capture of hepatitis C virus
(HCV) RNA with probes and magnetic bead-fluid separation [3]. Subsequently, more and more
automated nucleic acid extraction systems were put into use in large laboratories. The use of such
platforms for the automation of nucleic acid extraction is a modern approach to handle increasing
numbers of samples with limited personnel resources and to minimize the possibility of errors during
manual sample handling and preparation [4-10].

At present, there are already some automatic nucleic acid extraction devices in the market, such as
Abbott M2000 System [11], Thermo King Fisher Flex [12], and so on. However, these devices have
such disadvantages as high using cost, long single purification time et al. considering these, a system for
extracting nucleic acids has been developed, and have done some plant viral RNA extraction
experiments using this system. The system and the experimental results will be described in detail as
follows.

System Realization

System structure. The architecture of the whole system are shown in Fig 1. It consists of motor
controlling module, temperature controlling module and PC. The core of motor controlling module is
MPC2810 motion controller based on PC, and this controller is connected to the computer through the
computer's PCI bus. The core of temperature controlling module is microcontroller AT89S52.

MPC2810 motion controller receives commands from computer to control four motor drive cards
and the stall current detection circuit which controls the crawling and releasing of magnetic head set.
Thus, the system can realize a coordinated motion mechanism. The microcontroller controls the system
temperature, and communicates with the computer through the serial port.
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Figure 1. The architecture of the system

Hardware integration. The hardware platform has been implemented and the details of each
component will be described as follows:

As shown in Fig. 1, the temperature controlling module involves heater, minimum microcontroller
system, PT100 temperature sensor, solid-state relay controlling circuit etc. In this module, PT100
temperature sensor including the signal conditioning circuit is the most important and difficult part,
because it directly affects the system temperature resolution and measurement error.

The motor controlling module includes motors, step motor drivers, stall current detection circuit,
position detection circuit, MPC2810 motion controller and a PC, as shown in Fig. 1. PC is responsible
for management of man-machine interface, and real-time monitoring. The motion controller
implements all motion control.

Software design. Software mainly includes PT100 scale transformation formula, microcontroller
software and PC software. Each part will be fully described as follows.

PT100 scale transformation formula. Reducing measurement error generally uses look-up table
method or mathematical model method. Look-up table method needs to create a large number of data
tables, thus need to do many experiments to make multi-point calibration and program versatility is
poor. While the program can be very simple and good versatility with mathematical model method.
The system adopts piecewise linear method to reduce measurement error. Firstly, according to the
PT100 indexing table, the measurement range was divided into three parts: 0~49°C, 50~99°C,
100~149°C. Secondly, the discrete points were linear fitted with least square method, and three
equations were obtained:
R=0.388T +100.02,0°CE£T £49°C
(1)
R=0.3823T +100.31,50°C £T £99°C (2)
R=0.3764T +100.88,100°C£T £149°C
3)
In the three mathematical models above, error values are less than 0.1°C. Using M and N as the
coefficients of the different temperature ranges, the linear fitting formula is written as Eq. 4.

R=M T+N
(4)
U, AD _Data/4096=U
()
(R-R)1G=U
(6)
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Ur is the reference voltage of an AD converter, AD Data is the conversion value of the AD
converter, G 1s the gain of the amplifying and voltage bias circuit, RO is the bias resistor, and I is the
current of the constant current source.

According to the formulas (4), (5), (6), we get the PT100 scale transformation formula:

T _Ug ADfData+5_ N

40961 G M M M
(7)
Microcontroller software. Microcontroller software includes a main program, AD conversion
subprogram, digital filtering subprogram, PID control subprogram, and serial communication
subprogram. The main program is used to coordinate subprograms to ensure normal operation of the
system. The digital filtering subprogram adopted median-value filter to reduce the error and improve
the precision of the system. The PID control subprogram utilized an improved segmented PID control

algorithm to lower the warming time and improve the stability of the system temperature.

PC software design. PC software was compiled using VB language, mainly includes main interface and
parameter setting interface. The GUI is divided into menu bar, control panel area, temperature
displaying panel area, and current work progress displaying area. The parameter setting interface is
comprised of temperature control parameter setting, solution volume selection, oscillation frequency
selection, and position error compensation. In general, the PC software can complete the work of
system initialization, real-time display, mode selection, key control, alarming, report printing, et al.

Experiments

Materials. 1) Sample: The plant leaves with Lily symptomless virus (LSV); 2) Reagents: Reverse
Transcriptase M-MLV (RNase H-) (TaKaRa Code: D2639S) , Ribonpclease Inhibitor (TaKaRa
Code: D2310A) ,10mM Mixture AINTP (TaKaRa Code: D4030RA) , TaKaRa TaqTM (TaKaRa
Code: DRI00A) , Premix Ex TaqTM (Perfect real time) (TaKaRa Code: DRRO39A) |, etc.; 3)
Experimental equipment: Automated nucleic acid extraction system we designed, real-time PCR
instrument ABI PRISM 7900 Sequence-Detection System, and some other commonly used biological
experimental equipment.

Sample preparation. Put a certain amount of plant leaves in a mortar, and add some liquid nitrogen.
Then, fully grind using the grinding rod. When the mortar and the pestle sample reach room
temperature, an appropriate amount of grinding buffer is added. Grind it evenly and transfer the slurry
to 1.5 ml micro-centrifuge tube, and then centrifuge the tube at 5 000 rpm for 3 min. Finally, the
supernatant was removed and precipitations were diluted 10-folds serially using the negative control
RNA from 0 to 100000. The samples were used for the automated extraction.

Extraction proceduresand automation. In this paper, we use the system we designed to implement
the automation of magnetic nanobeads-based extraction method. The system is shown in Fig. 2.
Ninety-six samples can be processed in one run.
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Figure 2. Picture of the system (a) Working station, (b) Magnet array, (c) Magnet set frame, (d)
96-well plate

The system has eight working stations, the first station and the sixth station need to heat, the first

station is for the binding of magnetic nanobeads and samples, and the sixth station is for elution.
According to the sample purification requirements, two-three stations are for washing, and one station
for the magnet set.
Samples, binding buffer, and magnetic nanobeads are put into one 96-well plate. Washing buffer is put
into two-three 96-well plates. Elution buffer is put into one 96-well plate. And then put each plate to
the corresponding station. Last, start the purification operation. During purification, we mix and
collect the samples by magnet up and down movement at different frequencies.

Results and Discussion

After purification, the plant viral RNA eluate was subjected to RT-PCR assays using the ABI PRISM
7900 Sequence-Detection System according to the manufacturer’s instructions.

In this experiment, we did three replicates for each sample. The results are shown in Fig. 3 and Table
1.
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Figure 3. Plant viral RNA amplification curves
Table 1. Ct value of plant viral RNA amplification curves
Dilution Factor 0 10! 107 10° 10* 10°
20.48957 23.28473 26.21515 29.50733 32.66283 36.57186
Ct value 19.57528 23.43059 26.43665 30.35444 33.763 36.27713
20.19794 23.21688 26.55956 29.28784 33.01285 36.60692
Ct average value 20.0876 23.31078 26.40379 29.71654 33.14623 36.4835

The concept of the threshold cycle (Ct) is at the heart of accurate and reproducible quantification
using fluorescence-based RT-PCR. Fluorescence values are recorded during every cycle and represent
the amount of product amplified to that point in the amplification reaction. The more template present
at the beginning of the reaction, the fewer number of cycles it takes to reach a point in which the
fluorescent signal is first recorded as statistically significant above back-ground. This point is defined
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as the Ct, and will always occur during the exponential phase of amplification [11]. According to the Ct
values, the automated nucleic acid extraction instrument was practical in the extraction of plant viral
RNA, and the purification effect and repeatability were very satisfactory.

Conclusions

In the study, we developed and evaluated a prototype of automated nucleic acid extraction instrument
based on magnetic nanobeads. We have used it for the extraction of plant viral RNA, and the extracted
RNA was successfully used in an automated PCR assay for the detection of Lily symptomless virus
(LSV).

In summary, an automated nucleic acid extraction instrument was developed, and it is suitable for
use as a totally automated system, starting with RNA extraction to detection of plant virus, when
combined with a fully automated PCR system. In addition to that, it can be used in rapid purification of
the protein separation and specific cell separation with special magnetic nanobeads.
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