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APPARATUS AND METHOD FOR 
PURIFICATION OF NUCLECACDS BY 
PHASE SEPARATION USING LASER AND 

BEADS 

0001. This application is a division of U.S. patent appli 
cation Ser. No. 1 1/265,461, filed Nov. 2, 2005, which claims 
the benefit of Korean Patent Application No. 10-2004 
0088907, filed Nov. 3, 2004, the disclosure of each of which 
is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to an apparatus and 
method for purification of nucleic acids by phase separation 
using a laser and beads. 
0004 2. Description of the Related Art 
0005. An efficient extraction of DNA from cells is neces 
sary for many applications and is essential for molecular 
diagnostics, specifically for pathogen identification and 
quantification. Molecular diagnostics is generally performed 
by DNA amplification after DNA extraction steps. DNA 
amplification reactions include polymerase chain reaction 
(PCR), ligase chain reaction, Stranded-displacement amplifi 
cation, nucleic acid-based amplification, repair chain reac 
tion, helicase chain reaction, QB replicase amplification, 
ligation activated transcription. 
0006 Isolation methods of DNA from cells were provided 
using materials that have the proclivity of binding DNA. 
Example materials of isolation methods of DNA are silica, 
glass fiber, anion exchange resins and magnetic beads (Rudi. 
K. et al., Biotechniques 22, 506-511 (1997); and Deggerdal, 
A. et al., Biotechniques 22, 554-557 (1997)). To avoid the 
manual steps and to remove operator error, several automatic 
machines were developed for high-throughput DNA extrac 
tion. 
0007 Cell lysis is conventionally performed by mechani 
cal, chemical, thermal, electrical, ultrasonic and microwave 
method (Michael T. Taylor et al., Anal. Chem., 73, 492-496 
(2001)). 
0008 Laser has many advantages for disruption of cells 
and highly applicable to Lab-On-a-Chip (LOC) (Huaina Liet 
al., Anal Chem, 73, 4625-4631 (2001)). 
0009 U.S. Patent Publication No. 2003/96429 A1 dis 
closes a laser-induced cell lysis system. When only a laser is 
used, an efficient cell lysis does not occur. As a result of 
performing an experiment using E. coli placed in a very clear 
Solution, it is confirmed that when irradiating only a laser, a 
low cell lysis efficiency is obtained. A concentration of DNA 
measured after irradiating a laser for 150 seconds is 3.77 ng/ul 
because the laser energy is not efficiently transferred to the 
cells. A concentration of DNA measured after boiling cells at 
95° C. for 5 minutes by means of a conventional heating 
method is 6.15 ng/ul. 
0010 U.S. Pat. No. 6,685,730 discloses optically-absorb 
ing nanoparticles for enhanced tissue repair. This patent 
includes a method of joining tissue comprising: delivering 
nanoparticles having dimensions of from 1 to 1000 nanom 
eters that absorb light at one or more wavelengths to the tissue 
to be joined; and exposing said nanoparticles to light at one or 
more wavelengths that are absorbed by the nanoparticles. 
This method causes only a loss of function of cells by using a 
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laser and nanoparticles and there is no description of a method 
of disrupting cells by vibrating a solution containing cells and 
particles. 
0011 Conventionally, a method of purifying nucleic acids 
using a solid phase is known. For example, U.S. Pat. No. 
5,234.809 discloses a method of purifying nucleic acids using 
a nucleic acid binding Solid phase. Specifically, the method 
includes mixing a starting material, a chaotropic material and 
a nucleic acid binding Solid phase, separating the Solid phase 
with the nucleic acid bound thereto from the liquid, and 
washing the Solid phase nucleic acid complexes. 
0012 However, this method is time consuming and com 
plicated, and thus is not suitable for LOC. The method also 
has a problem of the use of the chaotropic material. That is, 
when the chaotropic material is not used, nucleic acids are not 
bound to the solid phase. The chaotropic material is harmful 
to humans, and thus should be handled with caution. Also, the 
chaotropic material acts as a material disturbing the Subse 
quent step, and thus should be removed from purified nucleic 
acids during or after purification. 
0013 For the purpose of LOC implementation, the entire 
step of DNA isolation should be reduced and it is necessary to 
perform the PCR directly after cell lysis. To perform the PCR 
directly after cell lysis, the concentration of the resulting PCR 
inhibitors after cell lysis should be reduced. Thus, a method of 
removing the PCR inhibitors while performing cell lysis for 
the purpose of LOC implementation is required. 
0014 Thus, the inventors of the present invention 
researched for a method to overcome the above problems and 
discovered that nucleic acids can be effectively purified when 
cells or viruses are disrupted by vibrating a solution contain 
ing them using micro magnetic beads and a laser, the resulting 
PCR inhibitors attach to the magnetic beads, and then the 
magnetic beads to which the PCR inhibitors are attached are 
removed with a magnet attached to a capillary-shaped con 
tainer wall. 

SUMMARY OF THE INVENTION 

0015 The present invention provides an apparatus and 
method for effective purification of nucleic acids by phase 
separation using a laser and beads. 
0016. According to an aspect of the present invention, 
there is provided a nucleic acid purification apparatus of cells 
or viruses including: a cell lysis capillary having a sample 
inlet through which samples and magnetic beads are intro 
duced and performing phase separation; a vibrator attached to 
the capillary and mixing the samples and the magnetic beads 
in the capillary; a laser generator attached to the capillary and 
Supplying a laser to the capillary; and a magnetic force gen 
erator attached to the capillary and fixing the magnetic beads 
to a capillary wall. 
0017. In the apparatus, in the cell lysis capillary, samples 
and magnetic beads injected through a sample inlet are mixed 
and cell lysis is performed when a laser beam is irradiated 
thereto. The vibrator is a device for mixing samples and 
magnetic beads in the cell lysis capillary and can be any 
device capable of generating vibration. The laser generator is 
a device for Supplying a laser beam to the cell lysis capillary 
and can emit laser beam with a specific wavelength or light 
with two or more wavelengths. The magnetic beads are boiled 
by the laser energy. 
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0018. In the apparatus, the vibrator can include sonicators, 
vibrators using a magnetic field, vibrators using an electric 
field, mechanical vibrators such as a Vortex etc., and piezo 
electric materials. 
0019. In the apparatus, the magnetic force generator is 
located above a laser pathway and may be an electromagnet 
which is turned on when the magnetic beads in the cell lysis 
capillary are boiled. 
0020. The apparatus may further include a DNA amplifi 
cation chamber connected to the cell lysis capillary through a 
channel which is opened or closed by a valve. 
0021. In the apparatus, the cell lysis capillary refers to a 
container having a capillary shape. 
0022. According to another aspect of the present inven 

tion, there is provided a method of purifying nucleic acids 
using the nucleic acid purification apparatus, the method 
including: injecting a solution containing cells or viruses in a 
capillary-shaped container containing magnetic beads: 
vibrating the magnetic beads; irradiating a laser beam onto 
the magnetic beads to disrupt the cells or viruses and binding 
compounds in the resulting cell or virus lysate to the magnetic 
beads; fixing the magnetic beads, to which the compounds in 
the cell or virus lysate are bound, to a capillary-shaped con 
tainer wall by means of a magnetic force generator, and 
obtaining a solution without the magnetic bead. 
0023. According to another aspect of the present inven 

tion, there is provided a method of continuously performing a 
purification and amplification of the nucleic acids using the 
nucleic acid purification apparatus, the method including: 
injecting a solution containing cells or viruses to a capillary 
shaped container containing magnetic beads; vibrating the 
magnetic beads; irradiating a laser beam onto the magnetic 
beads to disrupt the cells or viruses and binding compounds in 
the resulting cell or virus lysate to the magnetic beads; fixing 
the magnetic beads, to which the compounds in the cell or 
virus lysate are bound, to a capillary-shaped container wall by 
means of a magnetic force generator, and obtaining a solution 
without the magnetic bead and transferring the resulting Solu 
tion to a amplification chamber through a channel connecting 
the container and the amplification chamber to perform 
amplification. 
0024. In the method, the laser may include a pulse laser or 
continuous wave (CW) laser. 
0025. In the method, the pulse laser may be 1 m.J/pulse or 
more and the CW laser may have a power of 10 mW or more. 
In an embodiment of the method, the pulse laser is 32 
mJ/pulse or more and the CW laser has a power of 10 W or 
O. 

0026. In the method, the laser may be generated at a wave 
length of 400 nm or more. In an embodiment of the method, 
the laser is generated at a wavelength from 750 nm to 1300 
nm. The laser may be generated in one or more wavelength 
ranges. 

0027. In the method, the size of the magnetic beads may be 
from 50 nm to 1,000um. In an embodiment of the method, the 
size of the magnetic beads is 1-50 um. The magnetic beads 
may be a mixture of beads having two or more sizes. 
0028. In the method, the container may have a ratio of 
diameter to length ranging from 1:2 to 1:50 and have a diam 
eter ranging from 1 nm to 5 mm. 
0029. In the method, the container may be selected from 
the group consisting of polymers, organic materials, silicon, 
glass and metals. 
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0030. In the method, the magnetic beads may include at 
least one material selected from the group consisting offer 
romagnetic Fe, Ni, Cr, and oxides thereof. 
0031. In the method, the magnetic beads may be polymers, 
organic materials, silicon or glass coated with a ferromag 
netic metal. 
0032. In the method, the magnetic beads may have a nega 
tively-charged surface. 
0033. In the method, the solution can be selected from the 
group consisting of saliva, urine, blood, serum and cell cul 
tures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0034. The above and other features and advantages of the 
present invention will become more apparent by describing in 
detail exemplary embodiments thereof with reference to the 
attached drawings in which: 
0035 FIG. 1 is a schematic diagram of an embodiment of 
a system used to separate a micro magnetic bead phase and a 
DNA solution phase after cell lysis using micro magnetic 
beads and a laser, 
0036 FIG. 2 shows a container with an inner diameter of 
9.95 mm, in which a magnetic bead phase and a DNA solution 
phase are mixed after laser irradiation; 
0037 FIG. 3 shows a container with an inner diameter of 
4.88 mm, in which a magnetic bead phase and a DNA solution 
phase are separated after laser irradiation; 
0038 FIG. 4 shows an SEM photograph of Pure Dyna 
beads(R M-270 carboxylic acid: 
0039 FIG. 5 shows an SEM photograph of Dynabeads(R) 
M-270 carboxylic acid attached to glass wall after cell lysis 
by laser irradiation; 
0040 FIG. 6 shows an SEM photograph of Dynabeads(R) 
M-270 carboxylic acid taken from the central portion of a 
glass container after cell lysis by laser irradiation; 
004.1 FIG. 7 illustrates the results of electrophoresis of 
PCR products according to the DNA purification methods; 
0042 FIG. 8 illustrates the concentration of an amplified 
PCR product; and 
0043 FIG. 9 illustrates the amount of proteins in a cell 
lysate according to laser irradiation time. 

DETAILED DESCRIPTION OF THE INVENTION 

0044. Hereinafter, the present invention will be described 
in more detail. 
0045. The present invention relates to a nucleic acid puri 
fication apparatus of cells or viruses including: a cell lysis 
capillary having a sample inlet through which samples and 
magnetic beads are introduced; a vibrator attached to the 
capillary and mixing the samples and the magnetic beads in 
the capillary; a laser generator attached to the capillary and 
Supplying a laser to the capillary; and a magnetic force gen 
erator attached to the capillary and fixing the magnetic beads 
to a capillary wall. 
0046 FIG. 1 is a schematic diagram of an embodiment of 
a system used to separate a micro magnetic bead phase and a 
DNA solution phase after cell lysis using micro magnetic 
beads and a laser. Samples and magnetic beads are injected to 
a cell lysis capillary through a sample inlet, and then are 
mixed by a vibrator. When a laser beam is irradiated onto the 
mixture under vibration, the magnetic beads exposed to the 
laser convert light energy into heat by laser ablation. The 
magnetic beads heated by the laser beam are boiled and PCR 
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inhibitors, such as proteins and cell debris denatured by boil 
ing, are attached to the magnetic beads. The magnetic beads 
with the PCR inhibitors attached thereto are attached to a 
capillary wall. Thus, a phase separation between a DNA 
containing solution located at the lower portion of the capil 
lary and most magnetic beads attached to the capillary wall, 
located at the upper portion of the capillary, is occurred. The 
DNA containing Solution phase separated at the lower portion 
of the capillary is transferred to a polymerase chain reaction 
(PCR) chamber to perform a PCR. This transferring can be 
performed by a pump using electric, mechanic force, and the 
like. 
0047. A cell lysis capillary can be composed of a material 
which the laser can Sufficiently pass through or have a win 
dow of Such a material. The phase containing the separated 
beads non-specifically binds to the glass wall, which occurs 
more effectively in a capillary with a limited diameter. A fixed 
electromagnet or permanent magnet can be used to ensure the 
fixation of the separated phases and designate fixing regions. 
0048. In an embodiment of the present invention, the 
vibrator can includes Sonicators, vibrators using magnetic 
field, vibrators using electric field, mechanical vibrators such 
as a vortex etc., or piezoelectric materials. The vibrator is 
attached to the cell lysis capillary and can be any device 
capable of vibrating the mixed solution of the cells and the 
micro magnetic beads. 
0049. In an embodiment of the present invention, the mag 
netic force generator is located above a laser pathway and is 
preferably an electromagnet that is turned on when the mag 
netic beads in the cell lysis capillary are boiled. As illustrated 
in FIG. 1, the electromagnet should be located above the laser 
pathway because if it is located within the laser pathway, the 
magnetic beads become attached to the electromagnet before 
they adsorb the PCR inhibitors, thereby resulting in a reduc 
tion in the effects of adsorbing the PCR inhibitors. An elec 
tromagnet that is turned on when the magnetic beads in the 
cell lysis capillary are boiled is preferable. Although an elec 
tromagnetic is turned on before the magnetic beads are 
boiled, the magnetic force does not influence the magnetic 
beads due to the spatial separation of the magnetic bead and 
the electromagnet So that the magnetic beads cannot be 
attached to the electromagnet. In addition, the beads should 
be magnetized in order to be removed by the electromagnet. 
0050. In an embodiment of the present invention, the 
nucleic acid purification apparatus can further include a DNA 
amplification chamber connected to the cell lysis capillary 
through a channel which is opened or closed by a valve. For 
the purpose of the LOC implementation, an amplification 
system of the purified DNA is necessary. The purified DNA 
can be detected using a spectrophotometer, micro magnetic 
beads, an electrochemical method, electrochemilumines 
cence, radiation and fluorescent label, a real-time PCR 
method, and the like. The PCR method is most suitable to 
sufficiently amplify a desired DNA. Other DNA amplifica 
tion methods can also be applied and direct detection through 
the real-time PCR method, etc. is also possible. 
0051. In an embodiment of the present invention, the cell 
lysis capillary has preferably a diameter-to-length ratio rang 
ing from 1:2 to 1:50 and has preferably a diameter ranging 
from 1 nm to 5 mm. 

0052. The present invention also relates to a method of 
purifying nucleic acids using the nucleic acid purification 
apparatus, the method including: injecting a solution contain 
ing cells or viruses to a capillary-shaped container containing 
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magnetic beads; vibrating the magnetic beads; irradiating a 
laser beam onto the magnetic beads to disrupt the cells or 
viruses and binding compounds in the resulting cell or virus 
lysate to the magnetic beads; fixing the magnetic beads, to 
which the compounds in the cell or virus lysate are bound, to 
a capillary-shaped container wall by means of a magnetic 
force generator, and obtaining a solution without the mag 
netic beads. 
0053. In the method, a laser beam is irradiated onto a 
Solution containing magnetic beads and the magnetic beads 
cause an ablation due to the energy of the laser to transfer 
shock wave, vapor pressure and heat to the cell Surface. At this 
time, physical shocks are also applied to the cell Surface. A 
laser ablation refers to general phenomenon occurred in 
materials exposed to a laser beam. The laser ablation rapidly 
raises the temperature of a material Surface from several 
hundred to several thousand degrees. If the temperature of the 
material Surface is raised to the evaporation point or higher, 
the saturated vapor pressure on the Surface rapidly increases 
according to an evaporation of the liquid phase material. 
0054 The magnetic beads heated by the laser raise the 
temperature of the solution and directly disrupt the cells. The 
magnetic beads in the Solution do not act as a simple heat 
conductor but apply thermal, mechanical and physical shocks 
to the cell surface, thereby effectively disrupting the cell 
Surface. 
0055. The lysate of disrupted cells or viruses includes 
compounds which inhibit a PCR. Thus, to effectively perform 
the PCR, a separate step for removing the PCR inhibitors 
from the resulting lysate is required, which is not suitable to 
effectively implement LOC. In the method of the present 
invention, the magnetic beads with the PCR inhibitors 
attached thereto are fixed to a cell lysis capillary wall by 
means of the magnetic force generator so as to facilitate the 
PCR. 

0056 Specifically, the magnetic beads to which PCR 
inhibitors, such as proteins and cell debris denatured by boil 
ing, are attached are boiled by the energy of a laser. The 
magnetic beads with the PCR inhibitors attached thereto are 
attached to a container wall. Thus, a DNA containing solu 
tion, which does not contain the magnetic beads, is located at 
the lower portion of the container and most magnetic beads 
with the PCR inhibitors attached thereto are attached to a 
glass wall at the upper portion of the container, thereby 
readily removing the PCR inhibitors. This phase separation 
occurs more effectively in a capillary with a limited diameter. 
A fixed electromagnet or permanent magnet can be used to 
ensure the fixation of the separated phases and designate 
fixing regions. 
0057 The present invention also relates to a method of 
continuously performing purification and amplification of 
nucleic acids using the nucleic acid purification apparatus, the 
method including: injecting a solution containing cells or 
viruses to a capillary-shaped container containing magnetic 
beads; vibrating the magnetic beads; irradiating a laser beam 
onto the magnetic beads to disrupt the cells or viruses and 
binding compounds in the resulting cell or virus lysate to the 
magnetic beads; fixing the magnetic beads, to which the 
compounds in the cellor virus lysate are bound, to a capillary 
shaped container wall by means of a magnetic force genera 
tor; and obtaining a solution without the magnetic bead and 
transferring the resulting Solution to an amplification cham 
berthrough a channel connecting the container and the ampli 
fication chamber to perform amplification. 
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0058 For the purpose of LOC implementation, it is nec 
essary to continuously perform separation, purification and 
amplification of the nucleic acids. Thus, when a DNA solu 
tion purified by means of magnetic beads is directly trans 
ferred to an amplification chamber through a channel con 
necting a capillary-shaped container and the amplification 
chamber so as to amplify the nucleic acids, the above purpose 
can be achieved. The transfer of nucleic acids to the amplifi 
cation chamber can be performed by a pump using an electric, 
mechanical force, and the like. 
0059. In an embodiment of the present invention, the laser 
can include a pulse laser or continuous wave (CW) laser. 
0060. If the laser power is too low, the laser ablation can 
not efficiently occur. The laser power is from 10 mW to 300 W 
for the CW laser and 1 mJ/pulse to 1 J/pulse for the pulse laser. 
Preferably, the pulse laser is 32 m.J/pulse to 1 J/pulse and the 
CW laser has the power from 10W to 300 W. When the CW 
is less than 10 mW and the pulse laser is less than 1 m.J/pulse, 
an energy sufficient to disrupt cells is not transferred. When 
the CW is greater than 300 W and the pulse laser is greater 
than 1 J/pulse, DNA is damaged. 
0061. In an embodiment of the present invention, the laser 
should be generated in a specific wavelength range which 
allows the magnetic beads to absorb the laser. The laser is 
generated preferably in the wavelength range of 400 nm or 
more, and more preferably, in the wavelength range from 750 
nm to 1300 nm. This is because DNA is denatured or dam 
aged at a wavelength less than 400 nm. The laser can also be 
generated in one or more wavelength ranges. That is, the laser 
can have one wavelength or two or more different wave 
lengths within the above range. 
0062. In an embodiment of the present invention, the size 
of the magnetic beads is preferably from 50 nm to 1,000 um, 
and more preferably, from 1 um to 50 um. When the size of the 
magnetic beads is less than 50 nm, physical and mechanical 
shocks are insufficient to cause cell lysis. When the size of the 
magnetic beads is greater than 1,000 um, it is not suitable for 
LOC. The magnetic beads can also be a mixture of beads with 
two or more sizes. That is, the magnetic beads can have equal 
sizes to each other or be a mixture of beads with different 
sizes. 
0063. In an embodiment of the present invention, the con 
tainer can have a ratio of diameter to length ranging from 1:2 
to 1:50 and have a diameter ranging from 1 nm to 5 mm. A 
phase containing beads is non-specifically bound to a glass 
wall, which occurs effectively in a capillary with a limited 
diameter. Thus, if a container has a dimension outside the 
above range, a phase separation become difficult, thereby 
resulting in a reduced purification effect. 
0064. In an embodiment of the present invention, the con 
tainer can be selected from the group consisting of polymers, 
organic materials, silicon, glass and metals. The container can 
be composed of any material capable of fixing beads. 
0065. In an embodiment of the present invention, the mag 
netic beads can be any material which is magnetized. In 
particular, the magnetic beads preferably include at least one 
material selected from the group consisting of ferromagnetic 
Fe, Ni, Cr and oxides thereof. 
0066. In an embodiment of the present invention, the mag 
netic beads may be polymers, organic materials, silicon or 
glass coated with a ferromagnetic metal. 
0067. In an embodiment of the present invention, the sur 
face of the magnetic bead is preferably negatively charged so 
that DNA cannot be attached thereto. The negative charge can 
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be COO . Since DNA is negatively charged, it does not 
attach to the magnetic bead, which is negatively charged as 
well, due to a repulsive force. When DNA is attached to the 
magnetic bead, it is difficult to separate the DNA from the 
magnetic beads after cells are disrupted, which makes DNA 
purification more difficult. 
0068. In an embodiment of the present invention, the solu 
tion can be selected from the group consisting of saliva, urine, 
blood, serum and cell cultures. The Solution can be any solu 
tion having nucleic acids, such as animal cells, plant cells, 
bacteria, viruses, phage and the like. 
0069. The present invention will now be described in 
greater detail with reference to the following examples. The 
following examples are for illustrative purposes only and are 
not intended to limit the scope of the invention. 

PREPARATION EXAMPLE1 

Cell Lysis System 

(0070. As illustrated in FIG. 1, HBV prepared as described 
below (60 ul), serum (30 ul) and micro magnetic beads (30 ul, 
Dynabeads(R M-270 Carboxylic Acid, DYNAL, Norway) 
were mixed in a capillary. 808 nm, 21.1 W high power laser 
beam (HLU25F100-808, LIMO, Germany) was applied to 
the mixture for disrupting cells for a designated time in indi 
vidual experiments while stirring the capillary by Vortexing 
(see FIG. 1). 

PREPARATION EXAMPLE 2 

HBV, Primer and PCR 

0071 DNA released from the cells was detected using a 
pair of PCR primers as follows: primer TMP5-F (SEQID No: 
1); and primer TMP5-R (SEQID No. 2). The primer pair was 
sites corresponding to 2.269-2.387 nucleotides of HBV 
genome. PCR was performed by 40 cycles (predenaturation 
at 50° C. for 10 minutes and at 95°C. for 1 minute, denatur 
ation at 95°C. for 5 seconds, and annealing and elongation at 
62° C. for 15 seconds) by means of Taq polymerase (Takara, 
Korea). The amplified DNA was analyzed in Agilent BioAna 
lyzer 2100 (Agilent Technologies, Palo Alto, Calif.) with a 
commercially available DNA 500 assay sizing reagent sets. 

EXAMPLE 1. 

Separation of a Magnetic Bead Phase and a DNA 
Solution Phase 

0072 To investigate a degree of phase separation between 
a magnetic bead phase and a DNA-containing Solution phase 
according to the form of a container, the degree of phase 
separation was observed using various types of containers. 
FIG. 2 shows a container with an inner diameter of 9.95 mm, 
in which a magnetic bead phase and a DNA solution phase are 
mixed after laser irradiation. Referring to FIG. 2, when the 
inner diameter of a container is 9.95 mm, magnetic beads with 
PCR inhibitors, such as denatured proteins and cell debris, 
bound thereto are not attached to a glass wall and mixed with 
the DNA containing solution, so that the magnetic bead phase 
and the DNA containing Solution phase are not separated. 
0073 FIG. 3 shows a container with an inner diameter of 
4.88 mm, in which a magnetic bead phase and a DNA solution 
phase are separated after laser irradiation. A in FIG.3 shows 
a container in which the magnetic bead phase and the DNA 
containing Solution phase are separated and B in FIG.3 shows 
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a magnified view of the container shown in A. Referring to 
FIG. 3, we note that in the case of a capillary with an inner 
diameter of 4.88 mm, a phase of magnetic beads with PCR 
inhibitors bound thereto and a DNA containing phase are 
clearly separated. That is, the magnetic bead containing phase 
separated is non-specifically bound to a glass wall, which 
occurs only in a capillary with a diameter of 5 mm or less. 

EXAMPLE 2 

Binding of PCR Inhibitors to Magnetic Beads 
0074) To identify whether PCR inhibitors were bound to 
magnetic beads, an SEM observation was conducted. FIG. 4 
shows an SEM photograph of Pure Dynabeads(R) M-270 car 
boxylic acid. Pure Dynabeads(R) M-270 carboxylic acid had a 
diameter of 2.8 um+0.2 and the concentration of the beads in 
a solution was 6x107 beads/30 ul. Referring to FIG.4, pure 
magnetic beads had no deposit. In addition, since DNA was 
negatively charged, it was not attached to the magnetic beads. 
FIG. 5 shows an SEM photograph of Dynabeads(R) M-270 
carboxylic acid attached to a glass wall after cell lysis by 
means of laser treatment. As apparent from FIG. 5, many 
particles were attached to a magnetic bead. The particles were 
mainly denatured proteins and cell debris, which were pri 
mary PCR inhibitors disturbing PCR. FIG. 6 shows an SEM 
photograph of Dynabeads(R M-270 carboxylic acid taken 
from the central portion of a glass container after cell lysis by 
means of laser treatment. As apparent from FIG. 6, many 
particles were attached to a magnetic bead. Thus, denatured 
proteins and cell debris acting as PCR inhibitors can be 
readily removed using magnetic beads. 

EXAMPLE 3 

PCR Amplification Effects According to DNA Puri 
fication Methods 

0075 To study the PCR amplification effects according to 
the DNA purification methods, cell lysis was performed in a 
Lightcycler capillary (inner diameter: 2.42 mm, height:35.40 
mm, a ratio of inner diameter:height=1:14.63), and then the 
PCR was performed using the resulting lysates. FIG. 7 illus 
trates the results of electrophoresis of the PCR products 
according to the DNA purification methods. The bands des 
ignated by an arrow correspond to the desired PCR products. 
Lanes 1 and 2 are the results of the PCR performed after 60 
and 90 seconds of laser irradiation, respectively, in the 
absence of the magnetic beads and Lanes 3 and 4 are the 
results of the PCR performed after 5 and 10 seconds of laser 
irradiation, respectively, in the presence of the magnetic 
beads. Lane 5 displays the results of a direct PCR of a recom 
bination HBV (rHBV), lane 6 is a PCR positive control in 
which a PCR was performed after purifying DNA using 
Qiagen Ultrasense kit, and lane 7 is a PCR negative control in 
which a PCR was performed using only distilled water. The 
respective samples had compositions as given in the follow 
ing Table. 

Sample Serum Bead HBV 

1 SO% SO% 
2 SO% SO% 
3 25% 25% SO% 
4 25% 25% SO% 
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-continued 

Sample Serum Bead HBV 

5 100% 
6 SO% SO% 
7 Distilled water 

0076. As apparent from FIG.7, when only laser irradiation 
was performed without the magnetic beads (lanes 1 and 2), a 
PCR product was not observed and when a direct PCR of 
rHBV was performed (lane 5), a PCR product was not 
observed. However, in the case of the present invention, i.e., 
when laser irradiation was performed in the presence of the 
magnetic beads (lanes 3 and 4), PCR products were observed 
in desired positions. When a PCR was performed after puri 
fying DNA by means of Qiagen Ultrasense kit (lane 6), the 
desired PCR product was observed. As apparent from these 
results, the method of the present invention shows a PCR 
efficiency similar to the case that DNA is purified by means of 
Qiagen Ultrasense kit as a positive control, which requires 
considerable time and many steps for purification. Thus, the 
method of the present invention can be effectively applied to 
LOC since a PCR is efficiently performed without a separate 
DNA purification step. 
(0077 FIG. 8 illustrates the concentrations of amplified 
PCR products. The bars represent the concentration (ng/ul) of 
the amplified DNA. The amount of the PCR product was 
quantified by means of Agilent BioAnalyzer 2100. As appar 
ent from FIG. 8, the PCR results using the method of the 
present invention are similar to or superior to the PCR results 
using Qiagen Ultrasense kit. Thus, according to the method of 
the present invention, the PCR for the DNA analysis can be 
readily performed without a separate purification process. 

EXAMPLE 4 

Comparison of the Amount of Proteins in a Solution 
According to Laser Irradiation Time 

0078. To study the amount of proteins adsorbed by the 
magnetic beads after cell lysis, the amount of proteins in the 
cell lysate was investigated according to laser irradiation 
time. The amount of proteins in the resulting cell lysate after 
cell lysis was measured using a CBQCA protein quantifica 
tion kit (C-6667, Molecular Probes, see the preparation 
manual). FIG. 9 shows the amount of proteins in a cell lysate 
according to laser irradiation time. Referring to FIG. 9, the 
amount of proteins in the cell lysate was significantly reduced 
at laser irradiation times of 10 and 15 seconds. The significant 
reduction of the amount of proteins in the cell lysate at a laser 
irradiation time of 10 seconds indicates that the PCR ampli 
fication is efficiently performed, which is consistent with the 
results of FIGS. 7 and 8. 
0079. As described above, according to the method of the 
present invention, a PCR yield can be increased since PCR 
inhibitors can be readily removed by means of a phase sepa 
ration in a capillary. The use of an electromagnet ensures the 
removal of the PCR inhibitors. In addition, since cell lysis and 
DNA purification process can be simultaneously performed, 
LOC steps can be reduced. 
0080 While the present invention has been particularly 
shown and described with reference to exemplary embodi 
ments thereof, it will be understood by those of ordinary skill 
in the art that various changes in form and details may be 
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made therein without departing from the spirit and scope of 
the present invention as defined by the following claims. 

SEQUENCE LISTING 

<16O NUMBER OF SEO ID NOS: 2 

<210 SEQ ID NO 1 
<211 LENGTH: 19 
&212> TYPE: DNA 
<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: forward primer 

<4 OO SEQUENCE: 1 

agtgtggatt cqc act cot 

<210 SEQ ID NO 2 
<211 LENGTH: 23 

&212> TYPE: DNA 

<213> ORGANISM: Artificial 
&220s FEATURE: 

<223> OTHER INFORMATION: reverse primer 

<4 OO SEQUENCE: 2 

gagttcttct tct aggggac Ctg 

What is claimed is: 

1. A nucleic acid purification apparatus of cells or viruses 
comprising: 

a cell lysis capillary having a sample inlet through which 
samples and magnetic beads are introduced; 

a vibrator attached to the capillary and mixing the samples 
and the magnetic beads in the capillary; 

a laser generator attached to the capillary and Supplying a 
laser to the capillary; and 

a magnetic force generator attached to the capillary and 
fixing the magnetic beads to a capillary wall. 

2. The apparatus of claim 1, wherein the vibrator is selected 
from the group consisting of Sonicators, vibrators using a 
magnetic field, vibrators using an electric field, mechanical 
vibrators and piezoelectric materials. 

3. The apparatus of claim 1, wherein the magnetic force 
generator is located above a laser pathway and is an electro 
magnet which is turned on when the magnetic beads in the 
cell lysis capillary are boiled. 

4. The apparatus of claim 1, further comprising a DNA 
amplification chamber connected to the cell lysis capillary 
through a channel which is opened or closed by a valve. 

5. A method of continuously performing purification and 
amplification of nucleic acids, the method comprising: 

injecting a solution containing cells or viruses to a capil 
lary-shaped container containing magnetic beads: 

vibrating the magnetic beads: 
irradiating a laser beam onto the magnetic beads to disrupt 

the cells or viruses and binding compounds in the result 
ing cell or virus lysate to the magnetic beads; 
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fixing the magnetic beads, to which the compounds in the 
cell or virus lysate are bound, to a capillary-shaped 
container wall by means of a magnetic force generator; 
and 

obtaining a solution without the magnetic bead and trans 
ferring the resulting Solution to a amplification chamber 
through a channel connecting the container and the 
amplification chamber to perform amplification. 

6. The method of claim 5, wherein the laser comprises a 
pulse laser or continuous wave (CW) laser. 

7. The method of claim 6, wherein the pulse laser is 1 
mJ/pulse or more and the CW laser has a power of 10 mW or 
O. 

8. The method of claim 7, wherein the pulse laser is 32 
mJ/pulse or more and the CW laser has a power of 10 W or 
O. 

9. The method of claim 5, wherein the laser beam is gen 
erated in a wavelength range of 400 nm or more. 

10. The method of claim 9, wherein the laser beam is 
generated in a wavelength range of from 750 nm to 1300 nm. 

11. The method of claim 9, wherein the laser is generated in 
one or more wavelength ranges. 

12. The method of claim 5, wherein the size of the magnetic 
beads is from 50 nm to 1,000 um. 

13. The method of claim 12, wherein the size of the mag 
netic beads is 1-50 um. 

14. The method of claim 5, wherein the container has a 
ratio of diameter to length ranging from 1:2 to 1:50. 

15. The method of claim 14, wherein the container has a 
diameter ranging from 1 nm to 5 mm. 

16. The method of claim 5, wherein the container is 
selected from the group consisting of polymers, organic 
materials, silicon, glass and metals. 
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17. The method of claim 5, wherein the magnetic beads 
comprise at least one material selected from the group con 
sisting of ferromagnetic Fe, Ni, Cr, and oxides thereof. 

18. The method of claim 5, wherein the magnetic beads are 
polymers, organic materials, silicon or glass coated with a 
ferromagnetic metal. 
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19. The method of claim 5, wherein the magnetic beads 
have a negatively charged Surface. 

20. The method of claim 5, wherein the solution is selected 
from the group consisting of saliva, urine, blood, serum and 
cell cultures. 


