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(57) ABSTRACT

The present invention relates to a method for lysing patho-
gen lysis and a method for extracting nucleic acid using zinc
oxide nanostar, and the method for extracting nucleic acid
using zinc oxide nanostar according to the present invention
can extract nucleic acids by lysing cells of a pathogen
without using a lysis buffer and can extract nucleic acid of
high-purity and high-concentration by preventing nucleic
acid degradation and fragmentation through various sub-
stances including salts contained in the lysis buffer at high
concentration. In addition, the zinc oxide nanostar of the
present invention (200 to 900 nm) has superior cell lysis
capacity compared to the conventional zinc oxide nanopar-
ticles (20 to 50 nm), thereby increasing the nucleic acid
extraction efficiency and can extract at room temperature
without a heating step to use as a field diagnostic method.
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PATHOGEN LYSIS AND NUCLEIC ACID
EXTRACTION METHOD USING ZINC
OXIDE NANOSTAR

TECHNICAL FIELD

[0001] The present invention relates to a method for lysing
pathogen and extracting nucleic acid using zinc oxide nano-
star.

BACKGROUND ART

[0002] Nucleic acids are an important analytical tool for
identifying disease states, and DNA biomarkers such as
single nucleotide polymorphism (SNP), mutations or DNA
methylation can help researchers find the cause of cancer,
diagnose and observe the condition of the disease during the
early stages of the disease, which provides important clues
to give great opportunities for prognosis and surveillance.
[0003] Nucleic acids such as DNA are present at very low
physiological concentrations compared to other components
such as proteins (e.g. tens of nanograms of DNA per
microliter of whole blood versus tens of micrograms of
protein), effectively extracting DNA from clinical samples
and pre-concentration is very important for subsequent
processes such as amplification and detection. In the case of
methylated DNA, this problem is even more important.
[0004] Recently, as more and more purified nucleic acids
are used in various fields such as diagnostic medicine,
pharmacy medicine, metabolic medicine including biotech-
nology, efforts to isolate nucleic acids from various biologi-
cal samples more rapidly and purely have continued.
[0005] However, the biggest advancement in the method
of isolating nucleic acids up to now has been directed to
carriers that specifically adsorb only nucleic acids from
various types of substances contained in cell lysis solutions,
such as genomic DNA, plasmid DNA, messenger RNA,
proteins, and cell debris particles. The focus of almost all
research, including this technology, has been limited to
research and development of substances adsorbing nucleic
acids.

[0006] Accordingly, in order to separate nucleic acids
from various biological samples more quickly and purely, it
is urgent to develop a technology capable of quickly sepa-
rating only desired nucleic acids from cell debris particles,
protein denatured aggregates and other various cell degra-
dation substances.

DISCLOSURE

Technical Problem

[0007] An object of the present invention is to provide a
composition for lysing pathogen comprising zinc oxide
nanostar, a method for lysing pathogen and kit using the
same; a composition for extracting nucleic acid comprising
zinc oxide nanostar, and a method for extracting nucleic acid
and kit using the same.

Technical Solution

[0008] In order to achieve the above object, the present
invention provides a composition for lysing pathogen com-
prising zinc oxide nanostar.

[0009] Also, the present invention provides a kit for lysing
pathogen comprising the composition.
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[0010] In addition, the present invention provides a
method for lysing pathogen comprising contacting a zinc
oxide nanostar with a sample containing a pathogen.

[0011] In addition, the present invention provides a com-
position for extracting nucleic acid comprising zinc oxide
nanostar.

[0012] Furthermore, the present invention provides a kit
for extracting nucleic acid comprising the composition.

[0013] In addition, the present invention provides a
method for extracting nucleic acid comprising: a first step of
preparing a mixture by adding zinc oxide nanostar to a
nucleic acid sample and reacting; and a second step of
extracting the nucleic acid from the mixture.

[0014] In addition, the present invention provides a
method for extracting nucleic acid comprising: a first step of
preparing a mixture by adding zinc oxide nanostar to a
nucleic acid sample and reacting; a second step of preparing
a reaction mixture by adding a diatomaceous earth modified
with a silane compound to the mixture and adding at least
one selected from the group consisting of dimethyl adipi-
midate (DMA), dimethyl pimelimidate (DMP), dimethyl
suberimidate (DMS) and dimethyl 3,3'-dithiobispropionimi-
date (DTBP); and a third step of extracting the nucleic acid
from the reaction mixture.

Advantageous Effects

[0015] The method for extracting nucleic acid using zinc
oxide nanostar according to the present invention can extract
nucleic acids by lysing cells of a pathogen without using a
lysis buffer and can extract nucleic acid of high-purity and
high-concentration by preventing nucleic acid degradation
and fragmentation through various substances including
salts contained in the lysis buffer at high concentration. In
addition, the zinc oxide nanostar of the present invention
(200 to 900 nm) has superior cell lysis capacity compared to
the conventional zinc oxide nanoparticles (20 to 50 nm),
thereby increasing the nucleic acid extraction efficiency and
can extract at room temperature without a heating step to use
as a field diagnostic method.

DESCRIPTION OF DRAWINGS

[0016] FIG. 1 shows a comparison of the size and shape of
zinc oxide nanostars (A) and zinc oxide nanoparticles (B).
[0017] FIG. 2 shows a comparison of the structure of the
zinc oxide nanostar and zinc oxide nanoparticles by Raman
technique.

[0018] FIG. 3 shows a comparison of the lytic capacity
and nucleic acid extraction efficiency of zinc oxide nanostar
using Brucella bacteria with zinc oxide nanoparticles and a
conventional nucleic acid extraction kit (Qiagen).

[0019] FIG. 4 shows a comparison of the lytic capacity
and nucleic acid extraction efficiency of zinc oxide nanostars
using Brucella, E. coli, Staphylococcus aureus and Bacillus
cereus with those of a conventional nucleic acid extraction
kit (Qiagen).

[0020] FIG. 5 confirms that it is possible to extract nucleic
acid extraction by applying zinc oxide nanostar to a column
of a conventional nucleic acid extraction kit (Qiagen).
[0021] FIG. 6 confirms that it is possible to extract nucleic

acid by applying zinc oxide nanostar to diatomaceous earth
or homobifunctional imidoester.
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[0022] FIG. 7 shows a comparison of the nucleic acid
extraction efficiency of zinc oxide nanostar according to the
particle size using colon cancer cell line HCT116.

[0023] FIG. 8 shows a comparison of (A) DNA extraction
and (B) RNA extraction efficiency of the conventional
nucleic acid extraction kit (Qiagen), zinc oxide nanostar and
zinc oxide nanoparticles using colon cancer cell line
HCT116.

BEST MODE
[0024] Hereinafter, the present invention will be described
in more detail.
[0025] The inventors of the present invention have devel-

oped an extraction method capable of lysing pathogens and
extracting nucleic acids and found that the zinc oxide
nanostar (ZnO NS) of the present invention can extract
high-concentration nucleic acids by having a size and shape
capable of increasing the lytic capacity of cell membranes
and nuclei of pathogens compared to conventional zinc
oxide nanoparticles and also that the method for extracting
nucleic acid using zinc oxide nanostar of the present inven-
tion can extract nucleic acids with high purity and high
concentration without lysis buffer and heating step, thereby
being capable of the on-the-spot diagnosis and completed
the present invention.

[0026] The present invention provides a composition for
lysing pathogen comprising zinc oxide nanostar.

[0027] The zinc oxide nanostar refers to nanoparticles in
which a plurality of pointed protrusions is arranged in a ring.
[0028] The zinc oxide nanostar may have an average
particle diameter of 200 to 900 nm, preferably, an average
particle diameter of 350 to 900 nm, and more preferably, an
average particle diameter of 500 nm, but it is not limited
thereto.

[0029] The pathogen is a microorganism, and the micro-
organism may be a virus, bacteria, fungi, protozoa, Rickett-
sia or spirochaeta, but it is not limited thereto.

[0030] In addition, the present invention provides a kit for
lysing pathogen comprising the composition.

[0031] In addition, the present invention provides a
method for lysing pathogen comprising contacting a zinc
oxide nanostar with a sample containing a pathogen.
[0032] The sample containing a pathogen may be any one
selected from the group consisting of feces, urine, tears,
saliva, external secretions from skin, external secretions
from respiratory tract, external secretions from intestinal
tract, external secretions from digestive tract, plasma, serum,
blood, spinal fluid, lymph fluid, body fluids and tissues of
object suspected of being infected with the pathogen, but it
is not limited thereto.

[0033] The pathogen is a microorganism, and the micro-
organism may be a virus, bacteria, fungi, protozoa, Rickett-
sia or spirochaeta, but it is not limited thereto.

[0034] In addition, the present invention provides a com-
position for extracting nucleic acid comprising zinc oxide
nanostar.

[0035] The zinc oxide nanostar refers to nanoparticles in
which a plurality of pointed protrusions is arranged in a ring.
[0036] The zinc oxide nanostar may have an average
particle diameter of 200 to 900 nm, preferably, an average
particle diameter of 350 to 900 nm, and more preferably, an
average particle diameter of 500 nm, but it is not limited
thereto.

[0037] The nucleic acid may be DNA or RNA.
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[0038] In addition, the present invention provides a kit for
extracting nucleic acid comprising the composition.

[0039] In addition, the present invention provides a
method for extracting nucleic acid comprising: a first step of
preparing a mixture by adding zinc oxide nanostar to a
nucleic acid sample and reacting; and a second step of
extracting the nucleic acid from the mixture.

[0040] In addition, the present invention provides a
method for extracting nucleic acid comprising: a first step of
preparing a mixture by adding zinc oxide nanostar to a
nucleic acid sample and reacting; a second step of preparing
a reaction mixture by adding a diatomaceous earth modified
with a silane compound to the mixture and adding at least
one selected from the group consisting of dimethyl adipi-
midate (DMA), dimethyl pimelimidate (DMP), dimethyl
suberimidate (DMS) and dimethyl 3,3'-dithiobispropionimi-
date (DTBP); and a third step of extracting the nucleic acid
from the reaction mixture.

[0041] The silane compound may be a compound repre-
sented by the following Chemical Formula 1, but it is not
limited thereto.

[Chemical Formula 1]

[0042] wherein each of R* to R® may be same or different,
and are any one of C1 to C4 alkyl or C1 to C4 alkoxy, and
R* is anyone of amino(C1 to C10) alkyl, 3-(2-amino (C1 to
C4)alkylamino) (C1 to C4)alkyl or 3-[2-(2-amino (C1 to
C4)alkylamino) (C1 to C4) alkylamino] (C1 to C4)alkyl.
[0043] The silane compound may be at least one selected
from the group consisting of (3-aminopropyl) triethoxysi-
lane (APTES), (3-aminopropyl)trimethoxysilane), (1-amin-
omethyl)triethoxysilane, (2-aminoethyl)triethoxysilane,
(4-aminobutyl)triethoxysilane), (5- aminopentyl)triethox-
ysilane, (6-aminohexyl)triethoxysilane, 3-aminopropyl(di-
ethoxy)methylsilane (APDMS), N-[3-(trimethoxysilyl)pro-
pyl]ethylenediamine, N-[3-(trimethoxysilyl)propyl]
diethylenetriamine, [3-(2-aminoethylamino)propyl]
trimethoxysilane (AEAPTMS) and 3-[(trimethoxysilyl)
propyl|diethylenetriamine (TM PTA), but it is not limited
thereto.

[0044] In addition, the present invention provides a
method of preparing zinc oxide nanostar comprising: a first
step of preparing a mixture by adding zinc nitrate hexahy-
drate and hexadecyltrimethylammonium bromide to water; a
second step of preparing a reaction mixture by heating the
mixture at 85 to 95° C. for 30 to 80 minutes; and a third step
of preparing a colloidal solution by adding a ammonium
hydroxide dropwise to the reaction mixture.

MODE FOR CARRYING OUT THE INVENTION

[0045] Hereinafter, the present invention will be described
in more detail through examples. These examples are only
intended to illustrate the present invention in more detail,
and it will be apparent to those skilled in the art that the
scope of the present invention is not limited by these
examples according to the gist of the present invention.
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EXAMPLE 1

Chemicals and Reagents

[0046] All reagents were used without purification in
analytical grade. Zinc nitrate hexahydrate (Zn NO;.6H,0,
98%), ammonium hydroxide solution (28% of NH; in H,O,
based on 99.99% of trace metal) and (3-aminopropyl)tri-
ethoxysilane (APTES, 98%) were purchased from Sigma-
Aldrich (St Louis, Mo., USA). Hexadecyltrimethylammo-
nium bromide (=cetyltrimethylammonium bromide; CTAB)
(C,oH,,BrN, >98%) was purchased from Tokyo Chemical
Industry. Commercial zinc oxide nanoparticles (dispersion,
20 wt %, size less than 40 nm in H,O) were used as controls.
To design a new nucleic acid extraction system, biocompat-
ible diatomaceous earth powder was purchased from Sigma-
Aldrich. In addition, Milli-Q water with a resistance value
greater than 18 MO, 99% ethyl alcohol, phosphate buffered
saline (PBS, 10x, pH 7.4) and streptavidin-coupled mag-
netic beads (Dynabeads® MyOneTM Streptavidin C1) were
used.

EXAMPLE 2

Experimental Equipment

[0047] The morphology of the sample was analyzed by
using a field-emission scanning electron microscopy (FE-
SEM, JEOL JSM-7500F). To analyze the crystal structure of
the zinc oxide nanomaterial, X-ray diffraction (XRD, Scin-
tag-SDS 2000) was performed at 40 kV voltage and 30 mA
current in continuous scan 28 mode and Fourier transform
infrared spectroscopy (FT-IR) spectroscopy (Nicolet 6700)
was performed to analyze the chemical properties of the
sample. Raman measurements were performed by using a
Renishaw from Via Raman microscope system (Renishaw,
UK). In addition, for DNA extraction, a commercial
QlAamp DNA/RNA mini kit (Spin Colum) was used. Cen-
trifuge (CF-5, 100-240 Vas, 50/60 Hz, 8 W), Vortex Mixer
(TSAL, 60 Hz, 30 W, 250 V) and MSH-30d stirring heater
were purchased from Dortan Scientific Co. Ariamx real-time
PCR system (Agilent technologies), Gene Amp PCR system
9700 (LSK), electrophoresis apparatus (Submerge-Mini),
electrophoresis gel recorder (Gel documentation system)
and Nanodrop 2000 (Pegl.ab) were used for nucleic acid
detection experiments.

EXAMPLE 3

Cells and Pathogens

[0048] The cells used in the experiment were used as the
colon cancer cell line HCT116 (ATCC CCL-247), and as
pathogens, Brucella ovis (ATCC 25840), Escherichia coli (E
coli, ATCC 25922), Staphylococcus aureus (S. aureus) and
Bacillus cereus (B cereus) were used.

EXAMPLE 4

Synthesis and Morphological Analysis of Zinc
Oxide Nanostar

[0049] Zinc nanostar (Zno NS) crystals were synthesized
in an alkaline medium by a hydrothermal method.

[0050] 1 ml of 1 M zinc nitrate hexahydrate and 1 ml of
1 M CTAB were added to a flask containing 98 ml of Milli-Q
water in an appropriate order and stirred (500 rpm) while
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heating at 90° C. for 50 minutes. Then, under stable stirring
conditions, 2 ml of an ammonium hydroxide solution was
added dropwise to the reaction mixture, and stirred for a few
minutes until a milky white colloidal solution was formed.
[0051] The reaction temperature, reaction time and stirring
speed were controlled for uniform production of zinc oxide
nanostars. To control the production of the zinc oxide
nanostars, the reaction flask in an ice box was immediately
taken out, centrifuged, dried at room temperature and
washed with Milli-Q water. All synthesis was performed
without special treatment, and finally the samples were
stored in ethanol (99%).

[0052] Referring to FIG. 1, it was confirmed that (A) the
zinc oxide nanostar have a particle size of 200 to 600 nm on
average, and a plurality of pointed projections showed a
particle shape arranged in a ring and (B) the zinc oxide
nanoparticles have an average particle size of 20 to 60 nm
and exhibit an irregular spherical particle shape.

[0053] Inaddition, referring to FIG. 2, it was confirmed by
Raman technique that the structures of the zinc oxide
nanostar and the zinc oxide nanoparticles are different from
each other.

[0054] Therefore, the zinc oxide nanostar of the present
invention has a larger particle size than the conventional zinc
oxide nanoparticles and has a shape of particles with a
plurality of pointed projections arranged in a ring to more
easily lyse the cell membranes and nucleus of the pathogens.

EXAMPLE 5

Verification of Lytic Capacity of Zinc Oxide
Nanostar

[0055] The commercialization kit was used for compara-
tive analysis of the lysis properties of zinc oxide nanostars.
[0056] First, in order to lyse the sample (Brucella), AL
buffer was added to 1.5 to ml of the sample, and incubated
at 56° C. for 10 minutes for DNA extraction, followed by
incubation at room temperature for 1 minute for RNA
extraction. The prepared sample was transferred to a Qiagen
column, and washing and elution steps were performed.
[0057] On the other hand, in the present invention, the
conditions for extracting high-quality nucleic acids in bulk
using zinc oxide nanostars instead of the commercialized AL
buffer were optimized, and the extraction method was sim-
plified.

[0058] The amount and purity of the extracted nucleic acid
were measured by an Ariamx real-time PCR system, Gene
Amp PCR system 9700, electrophoresis device, electropho-
resis gel recording device and Nanodrop 2000.

[0059] As for the nucleic acid extraction of Brucella, FIG.
3 and Table 1 show a comparison of the lytic capacity by
extract the nucleic acid under the conditions of the conven-
tional nucleic acid extraction kit (Qiagen)+lysis buffer used,
zinc oxide nanoparticles+lysis buffer not used, zinc oxide
nanostar+lysis buffer not used, conventional nucleic acid
extraction kit (Qiagen)+lysis buffer not used and thus it was
confirmed that the nucleic acid extraction of the zinc oxide
nanostar of the present invention is most excellent.

TABLE 1
Cq (AR) Tm Product 1 (-R'(T)) 1075 Brucella (RT)
23.74 81.5 Qiagen + Lysis buffer
25.38 81.5 Zinc oxide nanoparticles (RT)
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TABLE 1-continued

Cq (AR) Tm Product 1 (-R'(T)) 1075 Brucella (RT)
21.5 81.5 Zinc oxide nanostar (RT)
2545 81 Qiagen
354 83.5 Negative control
[0060] In addition, in the same manner as the above

method, the lysis properties of zinc oxide nanostars were
compared and analyzed using Brucella, E. coli, Staphylo-
coccus aureus and Bacillus cereus.

[0061] As a result, referring to FIG. 4, it was confirmed
that the zinc oxide nanostar of the present invention has
better lytic capacity and nucleic acid extraction than the
conventional nucleic acid extraction kit in all four types of
bacteria.

[0062] In addition, FIG. 5 analyzes whether the zinc oxide
nanostar of the present invention can extract the nucleic acid
by applying to a conventional nucleic acid extraction kit
(Qiagen) column. As a result of comparing the nucleic acid
extraction efficiency by changing the conditions as shown in
Table 2 below, it was confirmed that the zinc oxide nanostar
can efficiently extract nucleic acid even at room temperature
without a heating step.
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[0069] v) Finally, the diatomaceous earth functionalized
with APTES was dispersed in distilled water at a concen-
tration of 50 mg/ml.

[0070] The properties of diatomaceous earth and pure
diatomaceous earth functionalized with APTES were ana-
lyzed by field emission scanning electron microscopy, Fou-
rier transform infrared spectroscopy and Raman microscopy
systems.

[0071] (2) Based on the above modification, diatomaceous
earth functionalized with APTES and an imidoester cross-
linking agent (dimethyl suberimidates2 HCl, DMS) were
added to a 5 ml tube containing a prepared biological sample
to extract nucleic acids. The detailed experimental process is
as follows.

[0072] 1) 100 pl of sample solution was added to a 1.5 ml
tube containing 10 pl of protease K and 10 pl of lysis buffer
(M-SDS lysis buffer or zinc oxide nanostar solution), mixed
using a pipette and incubated at room temperature for 1
minute. 10 pl of DNase was added for RNA extraction.
[0073] 1ii) Thereafter, 2 mg/ml of diatomaceous earth-
APTES was added and then 100 pl of 100 mg/ml DMS
solution was added.

[0074] 1iii) After mixing, it was incubated for 10 minutes at
56° C. to dissolve M-SDS or incubated for 2 minutes at
room temperature with mixing by a pipette for the lysis of
zinc oxide nanostar.

TABLE 2

Al A2 B1 B2 Cl Cc2
Nucleic acid  Qiagen Qiagen Qiagen + Qiagen + Qiagen Qiagen
extraction Zinc oxide Zinc oxide
composition nanostar nanostar
Lysis buffer Used Used Not used Not used Not used Not used
Temperature 56 Room 56 Room 56 Room
°C) temperature temperature temperature
time (min) 10 10 10 10 10 10

EXAMPLE 6 [0075] iv) After incubation, the supernatant was removed

Verification of Lytic Capacity of Functionalized
Diatomaceous Earth and Optical Zinc Oxide
Nanostar for Single Tube Nucleic Acid Extraction

[0063] To further analyze the lysis properties of zinc oxide
nanostars, a single tube nucleic acid extraction system was
used, which was performed with reference to previous
papers (Biosensors and Bioelectronics 99 (2018) 443-449.).

[0064] Briefly, (1) because the pore structure of diatoma-
ceous earth can accommodate various molecules and the
high-density silanol group on the wall is advantageous for
linking with functional amine groups, the washed diatoma-
ceous earth was functionalized with APTES. The detailed
experimental process is as follows.

[0065] 1) 2 ml of APTES was added dropwise to 100 ml of
95% ethanol solution and stirred at 400 rpm for 3 minutes at
room temperature.

[0066] 1ii) 500 mg of the washed diatomaceous earth was
dispersed in the solution for 4 hours at 600 rpm.

[0067] 1iii) After modification, the precipitate was washed
twice with ethanol to remove free silanol.

[0068] iv) The diatomaceous earth functionalized with
APTES was obtained by centrifuging and dried under
vacuum overnight at room temperature.

and the precipitate was washed twice with 200 pl of PBS.
[0076] v) Finally, 60 pl of elution buffer (pH~10.6
NaHCO;) was added and incubated for 1 minute at room
temperature.

[0077] vi) After centrifugation, the supernatant was trans-
ferred to a 1.5 ml tube, and the extracted DNA or RNA was
stored at —-20° C.

[0078] The amount and purity of the extracted nucleic acid
were measured by an Ariamx real-time PCR system, Gene
Amp PCR system 9700, electrophoresis device, electropho-
resis gel recording device, and Nanodrop 2000.

[0079] FIG. 6 analyses whether the zinc oxide nanostars of
the present invention can be applied to a diatomaceous earth
functionalized with APTES and homobifunctional imi-
doesters [dimethy] adipimidate (DMA), dimethyl pimelimi-
date (DMP), dimethyl suberimidate (DMS) or dimethyl
3,3'-dithiobispropionimidate (DTBP)].

[0080] The zinc oxide nanostar of the present invention is
applied to diatomaceous earth functionalized with APTES
and DMS and as shown in

[0081] Table 3 below, the nucleic acid extraction effi-
ciency is compared in the various conditions and it is
confirmed that the zinc oxide nanostar can extract nucleic
acid efficiently even at normal temperature without a heating
step. In addition, since the lysis buffer is not used, it is
considered that the nucleic acid is less damaged and can be
used for detection techniques through final PCR.
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TABLE 3
Qiagen Al A2 A3 B1 B3
Lysis buffer Used Used Zinc oxide Not used Used Zinc oxide Not used
nanostar nanostar
Temperature 56 56 56 56 Room Room Room
°C) temperature  temperature temperature
Time (min) 10 10 10 10 2 2

[0082] In addition, referring to FIG. 7 and Table 4, the
nucleic acid extraction efficiency according to particle size
was compared and the nucleic acid extraction efficiency of
zinc oxide nanostar having a particle size of 350 to 900 nm
was the best, and particularly, it was confirmed that the zinc
oxide nanostar having a particle size of 500 nm was the
optimal condition.

TABLE 4

HCT 116 10°4/ml 100 pl

Cq (AR)  Tm Product 1 (-R(T)) (60 ul DNA)

26.63 85 ~20 nm Zinc oxide
nanoparticles

26.2 85 ~100 nm Zinc oxide
nanostar

25.75 90 ~350 nm Zinc oxide
nanostar

25.21 85.5 ~500 nm Zinc oxide
nanostar

25.25 85.5 ~900 nm Zinc oxide
nanostar

27.21 85 ~1000 nm Zinc oxide
nanostar

30.78 85 Negative control

EXAMPLE 7

Nucleic Acid Extraction Method Using Zinc Oxide

Nanostar
[0083] 7-1. Synthesis of Zinc Oxide Nanostar
[0084] Zinc oxide nanostar was synthesized by hydrother-

mal method in alkaline medium.

[0085] 1) 1 mlof 1 M zinc nitrate hexahydrate and 1 ml of
1 M CTAB were added to a flask containing 98 ml of Milli-Q
water in a proper sequence, and stirred while heating at 90°
C. for 50 minutes (500 rpm).

[0086] 1ii) Then, under stable stirring conditions, 2 ml of an
ammonium hydroxide solution was added dropwise to the
reaction mixture and stirred for several minutes until a milky
white colloidal solution was formed.

[0087] For uniform production of zinc oxide nanostars, the
reaction temperature, reaction time and stirring speed were
adjusted.

[0088] iii) To control the production of zinc oxide nano-
stars, the reaction flask in an ice box was immediately taken
out and centrifuged, dried at room temperature and washed
with Milli-Q water. All synthesis was performed without
special treatment, and finally the samples were stored in
ethanol (99%).

[0089] 7-2. Nucleic Acid Extraction Method Using Zinc
Oxide Nanostar and Qiagen Kit

[0090] 1) Zinc oxide nanostar solution was added to a 1.5
ml tube containing 100 pl of Brucella bacteria (CFU:
10"5/ml) and gently mixed within 10 minutes at room
temperature using a pipette.

[0091] 1ii) Subsequently, the prepared sample was trans-
ferred to a Qiagen column and after washing, the DNA was
eluted with 60 pl of Qiagen elution buffer.

[0092] 7-3. Nucleic Acid Extraction Method Using Zinc
Oxide Nanostar, Diatomaceous Earth-APTES and Imi-
doester

[0093] 1) 100 pl of Brucella was added to a 1.5 ml tube
containing 10 pl of protease K and 10 pl of lysis buffer
(M-SDS lysis buffer or zinc oxide nanostar solution), mixed
using a pipette and incubated at room temperature for 1
minute. 10 pl of DNase was added for RNA extraction.
[0094] 1ii) Then, 2 mg/ml of diatomaceous earth-APTES
(50 mg/ml, 40 ul) was added, followed by 100 pl of a DMS
solution at a concentration of 100 mg/ml. After mixing, the
mixture was incubated at 56° C. for 10 minutes for M-SDS
dissolution or mixed by a pipette for dissolving zinc oxide
nanostars and incubated for 2 minutes at room temperature.
[0095] iii) After incubation, the supernatant was removed
and the precipitate was washed twice with 200 pl of PBS.
[0096] iv) Finally, 60 pl of elution buffer (pH~10.6
NaHCO;) was added and incubated for 1 minute at room
temperature.

[0097] 7-4. Real-Time PCR for DNA Extraction Effi-
ciency Analysis

[0098] It was performed in a 96 well plate using 5 ul of
template (NA).
[0099] 1) 20 pl of master mix was dispensed into each well

of a 96 well plate using a multi-channel pipette.

[0100] 1ii) 5 pl of template (NA) was added to the master
mix and mixed well with a pipette.

[0101] 1iii) An optical strip lid was placed in the well so as
to avoid cross contamination and be careful not to stain the
surface of the lid.

[0102] iv) A 96 well plate was centrifuged at 2000 rpm for
1 minute.
[0103] v) The 96 well plate was placed in the correct

direction on the qPCR machine, and real-time PCR was
performed under the following conditions.

[0104] Step 1: 95° C., 10 minutes

[0105] Step 2: 95° C., 10 seconds; 60° C., 20 seconds; 72°
C., 20 seconds (40 to 45 cycles)

[0106] Step 3: 72° C., 10 minutes
[0107] vi) Data analysis was performed.
EXAMPLE 8
Verification of Lytic Capacity of Zinc Oxide
Nanostars Using Fukaryotic Cells
[0108] To verify the usability of zinc oxide nanostar in

eukaryotic cells, after serial dilution of HCT116 cells, a
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colon cancer cell line, to a concentration of 1 to 10* cells/100
ul, the extraction efficiency of DNA and RNA was analyzed
using zinc oxide nanostar and zinc oxide nanoparticles and
a conventional nucleic acid extraction kit (Qiagen).

[0109] As aresult, referring to FIG. 8, when the zinc oxide
nanostar of the present invention was used under optimized
conditions, it was confirmed that both DNA and RNA were
detected to 1 cell/ml. The detection limit of the zinc oxide
nanostar was 100 times better for DNA and 10 times better
for RNA than the conventional nucleic acid extraction kits.
[0110] In addition, as a result of comparing the cell lysis
capacity of the zinc oxide nanostar and the zinc oxide
nanoparticle, it was confirmed that the zinc oxide nanostar
detected DNA and RNA 1 to 1.5 cycles faster than the zinc
oxide nanoparticle (20 nm).

[0111] In addition, zinc oxide nanostar extracted nucleic
acid with higher concentration and higher purity than the
conventional nucleic acid extraction kits, and RNA was
extracted with high concentration and high purity even in a
small number of cells (3.5+£2.3 ng/ul and 1.73+£0.26 ng/ul at
10* cells/100 pl).

[0112] Zinc oxide nanostar enables rapid cell lysis at room
temperature without the use of lysis buffer in various types
of cells, and can be useful as a diagnostic system in a clinical
environment.

[0113] While the present invention has been particularly
described with reference to specific embodiments thereof, it
is apparent that this specific description is only a preferred
embodiment and that the scope of the present invention is
not limited thereby to those skilled in the art. That is, the
practical scope of the present invention is defined by the
appended claims and their equivalents.

[0114] The scope of the present invention is indicated by
the following claims, and all changes or modifications
derived from the meaning and scope of the claims and
equivalent concepts should be interpreted to be included in
the scope of the present invention.

1-9. (canceled)

10. A composition for extracting nucleic acid comprising
zinc oxide nanostar.

11. The composition for extracting nucleic acid of claim
10, wherein the zinc oxide nanostar has an average particle
diameter of 200 to 900 nm.

12. The composition for extracting nucleic acid of claim
10, wherein the nucleic acid is DNA or RNA.
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13. A kit for extracting nucleic acid comprising zinc oxide

nanostar.

14. (canceled)

15. A method for extracting nucleic acid comprising:

a first step of preparing a mixture by adding zinc oxide
nanostar to a nucleic acid sample and reacting;

a second step of preparing a reaction mixture by adding a
diatomaceous earth modified with a silane compound to
the mixture and adding at least one selected from the
group consisting of dimethyl adipimidate (DMA), dim-
ethyl pimelimidate (DMP), dimethyl suberimidate
(DMS) and dimethyl 3,3'-dithiobispropionimidate
(DTBP); and

a third step of extracting the nucleic acid from the reaction
mixture.

16. The method for extracting nucleic acid of claim 15,

wherein the silane compound is a compound represented by
Chemical Formula 1:

[Chemical Formula 1]

wherein each of R! to R*> may be same or different, and are
any one of C1 to C4 alkyl or C1 to C4 alkoxy, and R*
is anyone of amino(C1 to C10) alkyl, 3-(2-amino (C1
to C4)alkylamino) (C1 to C4)alkyl or 3-[2-(2-amino
(C1 to C4)alkylamino) (C1 to C4) alkylamino] (C1 to
C4)alkyl.

17. The method for extracting nucleic acid of claim 16,
wherein the silane compound is at least one selected from
the group consisting of (3-aminopropyl) triethoxysilane
(APTES), (3 -aminopropyDtrimethoxysilane), (1-aminom-
ethyl)triethoxysilane, (2-aminoethyl)triethoxysilane,
(4-aminobutyl)triethoxysilane), (5-aminopentyl)triethoxysi-
lane, (6-aminohexyl)triethoxysilane, 3-aminopropyl(di-
ethoxy)methylsilane (APDMS), N-[3-(trimethoxysilyl)pro-
pyl]ethylenediamine, N[3-(trimethoxysilyl)propyl]
diethylenetriamine, [3-(2-aminoethylamino)propyl]
trimethoxysilane (AEAPTMS) and 3-[(trimethoxysilyl)
propyl|diethylenetriamine (TMPTA).

#* #* #* #* #*



