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Biochip, method of preparation and use thereof

Technical field
[0001] The present application relates to the field of biochemistry. Particularly, the present

application relates to a biochip, method of preparation and use thereof.

Background

[0002] Biomacromolecules mainly include DNA, RNA, polypeptides, polysaccharides and so
on. Due to important uses of these biomacromolecules in the fields of medicines, agricultures,
food, materials, environment and the like, in-vitro synthesis of these biomacromolecules has
become a hotspot for researches, and has a huge market prospect. Since the 1950s, Todd and
Khorana research groups reported DNA synthesis (Michelwn, A. M., Todd, A. R. J. Chem. Soc.,
1955; Gilham, P. T., Khorana, H. G., J. A. m. Cliem. Soc., 1958) for the first time, methods of
DNA synthesis have been developed for a long term. At present, classical synthesis methods
include column type synthesis method developed in the 1980s, and microarray-based
high-throughput synthesis method developed in the 1990s. These methods are basically
solid-phase synthesis methods, in which a single deoxyribonucleotide is used as a unit for
synthesis, and the most of synthesis processes involve a four-step cycle based on a
phosphoramidite chemical method: deprotection, coupling, capping and oxidation steps. Due to
the incompleteness of the reaction in each step, accompanying possible side effects (such as
deadenylation) and the decrease in reactant concentration with the reaction progress, with the
prolong of the DNA single strand, the error rate of DNA synthesis sharply increased and the
yield dramatically decreased. In addition, the disadvantage of the column type synthesis method
has the disadvantages of large amount of reagent used and low throughput, which causes facts
that the synthesis is high in cost and consuming in time and labor. Although the
microarray-based synthesis method has high throughput and small amount of reagent used, it
has relatively high error rate, low yield and low stability. The synthesis methods of other
biomacromolecules, such as RNA, polypeptides and polyphosphoric acids, are similar to the
solid-phase synthesis method of DNA, in which single-cycle chemical reaction is repeated on
the solid-phase carrier; and their synthesis characteristics are also similar. The column type
synthesis method has a low error rate, but has large reagent consumption amount and low
throughput, which is not conducive to cost saving. The microarray-based synthesis method has
high throughput and small material amount, but relatively high error rate and low stability.

Therefore, it is extremely important to find a synthesis chip which will be capable of achieving
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high throughput, low cost and low error rate.

[0003] Biochips are also referred to as protein chips or gene chips, which are originated from
a combination of DNA hybridization probe technique and semiconductor industrial technique.
This technique is that a large number of probe molecules are fixed on a support and then
hybridized to DNA or other sample molecules (for example, proteins, factors or small molecules)
with fluorescent marks, and the quantity and sequence information of the sample molecule are
obtained by detecting the hybridization signal intensity of each probe molecule. The biochip
technique is originated from hybridization of nucleic acid molecules. The so-called biochip
generally refers to a microarray hybridized chip (micro-arrays), in which both the sequence and
location of each molecule in the array have been known, of a biological information molecule
(for example, gene fragment, DNA fragment or polypeptide, protein, sugar molecule and tissue)
fixed on a mutually support medium at high density, and is preset sequence point array.
Biochemical analysis processes are integrated on the surfaces of the chips according to a
specific interaction principle between biological molecules, thereby achieving high-throughput
and rapid detection of DNA, RNA, polypeptide, protein and other biological components. The
narrow concept of the biochip means a biomolecule point array formed by fixing biomolecules
(oligonucleotides, cDNA, genomic DNA, polypeptides, antibodies, antigens, etc.) on a
solid-phase matrix such as silicon wafer, glass sheet (bead), plastic sheet (bead), gel and nylon
membrane through different methods. Therefore, the biochip technique is also referred to as a
microarray technique. The solid-phase matrix containing lots of biological information is called
a microarray, also referred to as a biochip. On the basis of such chips, the biochip has developed
into microfluidic chip, also known as microelectronic chip, that is, micro-laboratory chip. Like
the electronic chip, the biochip is also integrated, however, the integration on the biochip is
integration of biomaterials. Similar to laboratory detection, the detection of blood glucose,
protein, enzymatic activity and the like on the biochip is based on the same biological reaction
principles. Thus, the biochip is a carrier platform. Since the biochip has potential advantages
such as high integration degree, high throughout, high sensitivity and portable carrying, it is
widely applied to many scenes, specifically in the aspects of biological synthesis and detection,
and it has a huge application prospect.

[0004] At present, for the representative commercialized microarray synthesizer, such as
CustomArray synthesizer, the synthesis reaction is shrunk into micron-level reaction holes, and
there are tens of thousands of reaction holes on one chip. In this way, the synthesis throughput is
improved and the consumption of raw materials is reduced to a certain extent, however, the
yield is low, the electrochemical reaction is not easy to control, and the error rate is high. In

addition, temperature and humidity sensor, control circuit and the like are also integrated on the
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chip, thereby the production process is very complex, and the price of the chip is relatively
expensive. For the Twist synthesizer, via using a high-speed microscale ink-jet printing head as
a transmission manner of a reagent such as a monomer, Oligo is synthesized on a specially
treated micron-level silicon-based chip’s through-via, and then a matched reactor is used to
dock with these micro-holes to realize in-situ PCR and PCA, so as to directly obtain a large
number of long DNA molecule fragments. The biochip is made of a special silicon-based
material with specific chemical modification. It has large throughput and needs physical
isolation. In addition, the biochip has a large size (the size is equivalent to that of a conventional
96-well plate) and has not been commercialized. The synthesizer controlled by Evonetix circuit
achieves independent control of reactions on different sites by mainly utilizing the
characteristics of large-scale parallel control of a semiconductor. However, in practical
application, an important problem is how to avoid the interaction of reactions on different sites
and to control of product output. At the beginning of 2018, the British company Evonetix
announced a synthesis technology based on semiconductor chip control. The key point of the
Evonetix technology lies in the Oligo synthesis of theoretically nearly one billion sites and the
high-fidelity DNA error correction assembly technology which can be monitored in real time.
The principle of controlling the synthesis process is as follows: in the closed chamber of
specially-designed, large-scale addressable synthesis sites, a blocking material (such as
n-tetracosane) having a low melting point and capable of being repeatedly heated is added, the
synthesizer uses a circuit signal to control whether each site is electrified or not, and then select
whether to heat the site. In the case of heating, the special material on the site is adsorbed on the
site to prevent the subsequent introduced reagent from reacting on the site. If the subsequent
synthesis needs to be carried out at the site, the material will be washed away with a solvent to
expose the site for synthesis reaction. In this way, the individual control of reaction on each site
is achieved. However, in addition to the special chemical modification, circuit control is
integrated on the chip, and therefore the fabrication process of the chip is complex.

[0005] Therefore, there is an urgent need for a new technological breakthrough in this field,
especially a biochip having a simple manufacturing process, a low price and multi-detection

throughput, reusable and having a recognition function.

Summary

[0006] The application provides a biochip, a method for preparing the same and use thereof.
The biochip of the application can be applied to synthesis and detection of biomacromolecules
such as DNA, RNA and polypeptide, antibody screening, antigen recognition and the like, and

has a huge application prospect.
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[0007] In an aspect, the present application provides a biochip, the biochip carrying a
chemical entity and a code, wherein the code has a unique corresponding relationship with the
chip.

[0008] In another aspect, the present application provides a method for preparing the biochip
of the application, and the method comprising the following steps:

[0009] 1) coding the biochip;

[0010] 2) pretreating the biochip;

[0011] 3) performing silanization treatment on the surface of the biochip;

[0012] 4) chemically modifying the surface of the biochip; and

[0013] 5) optionally, detecting or quantitatively analyzing the chemical modification.

[0014] In another aspect, the present application provides use of the biochip of the application
in synthesis of a biomacromolecule such as DNA, RNA and polypeptide.

[0015] In another aspect, the present application provides use of the biochip of the application

in biological detection.

Brief description of the drawings

[0016] Fig. 1 schematically depicts an example of a recognizable 2-dimensional bar code chip
according to the application.

[0017] Fig. 2 schematically depicts a process of DNA synthesis using a chip according to the
application.

[0018] Fig. 3 schematically depicts a process of polypeptide synthesis using a chip according
to the application.

[0019] Fig. 4A shows an HPLC chromatogram of a T30 product synthesized in experiment 1
in Example 6.

[0020] Fig. 4B shows an HPLC chromatogram of a T30 product synthesized in experiment 2
in Example 6.

[0021] Fig. 4C shows an HPLC chromatogram of a T30 product synthesized in experiment 3
in Example 6.

[0022] Fig. 4D shows an HPLC chromatogram of a T30 product synthesized in experiment 4
in Example 6.

[0023] Fig. 4E shows an HPLC chromatogram of a T30 product synthesized in experiment 5
in Example 6.

[0024] Fig. 4F shows an HPLC chromatogram of a standard sample of T30 in Example 6.

[0025] Fig. 5 shows a gel electrophoretogram of a product synthesized in Example 7, wherein,
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Ctrl: standard synthetic primer control; lanes 1-3: Mix1-3.

Detailed description

[0026] In the present application, unless otherwise defined, all technical and scientific terms
used herein have the meanings generally understood by those skilled in the art of the present
application. In the embodiments of the present application, methods and materials similar to or
equivalent to those described herein may be used, and only illustrative and suitable methods and
materials are described below. All public publications, patent applications, patents and other
references are incorporated herein for reference. Furthermore, the materials, methods and
embodiments are only exemplary and not restrictive. Meanwhile, in order to better understand
the invention, the application also provides definitions and explanations of related terms. In case
of any conflict between the definitions and explanations of the terms provided in this
application and the meanings generally understood by ordinary technical personnel in the field
of this application, the definitions and explanations of the terms provided in this application
shall be prevailed.

[0027] Biochip

[0028] In an aspect, the present application provides a biochip, the biochip carrying a
chemical entity and a code, wherein the code has a unique corresponding relationship with the
chip.

[0029] As known by those skilled in the art, the substrate of the chip is made of any materials
suitable for the chip, and the materials have no adverse effect on the activity of the reaction
reagent or has undesired side reaction with the reaction reagent. Preferably, the chip is made of
an inert material. In some preferred embodiments, the chip is made of a material selected from
silicon wafer (silicon crystal), glass sheet (bead), ceramics, sheet metal, plastic sheet (bead), gel,
nylon membrane or any combination thereof, preferably silicon wafer. In one embodiment, the
chip is made of porous glass, which has a particle size being any one of 5 um-2000 um, more
preferably, any one of 25 pm, 50 pm, 100 pm, 200 pm and 500 pm; which has a pore
diameter being any one of 2002\—50001&, more preferably, any one of SOOA, IOOOA, 15001&,
2000A and 3000A. The chips may have any desired shapes. For example, the chip may be
in a form of flake, cuboid, cylinder, sphere and the like, preferably, the chip is in a form of
square flake. In a specific embodiment, the biochip is a microchip for DNA synthesis,
which has a size of 2 mm*2 mm, even 1 mm*1 mm, 0.5 mm*0.5 mm or less. In some
preferred embodiments, the chip of the application is reused.

[0030] Code
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[0031] The chip of the application has recognizable characteristics. For this purpose, it is
needed to code the chip, which provides a specific signal for the chip. The specific signal on the
chip may be a magnetic signal, an electrical signal, an identification code and the like,
preferably, the specific signal is a 2-dimensional bar code.

[0032] Therefore, in a specific embodiment, the biochip of the application carries a code, and
the code has a unique corresponding relationship with the chip. It should be understood that the
“code” herein means any characteristic used for distinguishing and identifying the identity of
the chip. The characteristic includes but is not limited to a number, symbol, graph, identification
code such as bar code and 2-dimensional bar code, preferably 2-dimensional bar code.

[0033] In a preferred embodiment, the code carried on the chip is a 2-dimensional bar code.
The 2-dimensional bar code is used for recording data symbol information using black and
white graph formed by distributing certain specific geometric graph on a plane (in
2-dimensional direction) according to a certain rule; word or numerical value information is
represented by using several geometrical shapes corresponding to a binary system by cleverly
utilizing the concept of bit streams “0” and “1” constituting an internal logic basis of a computer
on a code system, and automatic information processing is achieved through automatic reading
via an image input equipment or photoelectric scanning equipment. It has some generalities of
the bar code technique: each code system has its specific character set; each character occupies
a certain width; and it has a certain verification function, and the like. Meanwhile, it also has
functions of automatically recognizing information in different lines and processing graph
rotation change points. The 2-dimensinal bar code has a built-in error correction function, can
restore data in the case that the code is damaged or smeared. It can adopt mathematical error
correction (Reed-Solomon) to restore data.

[0034] In some preferred embodiments, the code carried on the chip is a combination of at
least two or more features. For example, the code carried on the chip may be a combination of
an identification code (for example, a bar code or a 2-dimensional bar code) and an electrical
signal, a combination of an identification code (for example, a bar code or a 2-dimensional bar
code) and an light signal (for example, fluorescence), a combination of an identification code
(for example, a bar code or a 2-dimensional bar code) and a number, a combination of an
identification code (for example, a bar code or a 2-dimensional bar code) and an RFID tag, a
combination of an RFID tag and an electrical signal, a combination of an RFID lab and a light
signal (for example fluorescence), a combination of an RFID lab and a number, a combination
of a number and a light signal (for example, fluorescence), or a combination of a number, a
graph and an identification code (for example, a bar code or a 2-dimensional bar code), etc.

[0035] One important function of the code is to distinguish and identify the chip. The
6
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expression “the code has a unique corresponding relationship with the chip” means that each
chip corresponds to one unique code. In other words, the codes carried on chips are different
from one another. Since each chip has a unique corresponding relationship with the carried code,
by recognition of the codes, a plurality of chips can be conveniently distinguished, or the chip of
the interest can be rapidly and conveniently sought and identified from the plurality of chips.
[0036] In the method of the application, the codes carried on the chips are recognized in
various manners. In some preferred embodiments, the codes carried on the chip are detected by
using a detector (e.g., detector by recognizing a number, a symbol, graph, an identification code
(e.g., a bar code, a 2-dimensional bar code), an RFID tag, a light signal (e.g., fluorescence,
chemiluminescence, Raman spectroscopy), a quantum dot, a magnetic signal, an electrical
signal, or any combination thereof), and the signal detected by the detector is analyzed by using
a processor, thereby recognizing the identity (code) of the chip. Various methods and
instruments for detecting/recognizing the number, symbol, graph, bar code, 2-dimensional bar
code, RFID tag, fluorescence, luminescence, quantum dot, Raman spectroscopy and the like are
known by those skilled in the art, including but not limited to an light signal recognizer, a
magnetic signal recognizer, an electrical signal recognizer, an image recognizer or any
combination thereof. For example, the instrument is a 2-dimensional bar code detector, a bar
code detector or an RFID tag reader, etc.

[0037] Chemical modification on the surface of the chip

[0038] After the code is added on the chip, chemical modification is performed on the surface
of the chip to achieve the purpose that the chip meets different functional requirements. Specific
types of molecules modified on the surface of the chip depend on practical applications of the
chip. For example, the surface of the chip used for synthesis of a biomacromolecule is modified
with a molecule capable of initiating a synthesis reaction; the surface of the chip used for
detection of an antigen is modified with a specific antibody; the surface of the chip used for
screening of an antibody is modified with a specific antigen.

[0039] A. For synthesis of biomacromolecules

[0040] In order to synthesize different varieties of biomacromolecules such as DNA, RNA
and polypeptides on the surface of the chip, it is needed to chemically modify the corresponding
surface of each chip; in addition, it is also needed to ensure there are enough modification
molecules on the surface of the chip while guaranteeing that the molecules modified on the
surface of the chip are homogeneously distributed, so as to avoid inhomogeneous signal
distribution.

[0041] For this purpose, in a specific aspect, the present application provides a biochip, the
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biochip carrying a chemical entity and a code, wherein the chemical entity reacts with a reaction
reagent so as to link a monomer in the reaction reagent to the terminal of the chemical entity,
and the code has a unique corresponding relationship with the biochip.

[0042] As used herein, the biochip of the application is chemically modified, namely, the
surface of the biochip is modified by linking the chemical entity. In a specific embodiment, the
chemical entity is a linker molecule (connection molecule), which reacts with a reaction reagent
(coupling reaction or linking reaction), thereby linking a monomer in the reaction reagent to the
terminal of the linker molecule.

[0043] The biochip for synthesis of nucleic acids (DNA/RNA) is modified with the linker
molecule, wherein the linker molecule is preferably a compound having a functional group
reacting with an amino group on the beginning end, hydroxyl with an acid-labile protecting
group on the terminal, wherein the protecting group is removed and the hydroxyl is exposed
upon treating with acid, and any one or more functional groups selected from ester group, lipid
group, thioester group, o-nitrobenzyl group, coumarin group, hydroxyl, mercapto, mercapto
ether group, carboxyl, formyl, amino, amido, amide group, alkenyl and alkynyl in the middle,
preferably, the functional group at the beginning end is carboxyl, and the hydroxyl protecting
group at the terminal is triphenylmethyl, for example 4,4’-dimethoxytriphenylmethyl (DMT),
which will be removed with a solution of dichloroacetic acid, trichloroacetic acid or
trifluoroacetic acid in an organic solvent (such as dichloromethane and acetonitrile). In a
preferred embodiment, the Linker molecule is a molecule which will be broken and easily
released off upon ammonolysis after DNA synthesis is completed, the preferred Linker
molecule is  Universal Linker, wherein the Universal Linker refers to
exo-N-phenyl-5-(succinyloxy)-6-dimethyl-7-oxabicyclo[2.2.1]heptane-2-3-dicarbimide,
exo-N-methyl-5-(succinyloxy)-6-dimethyl-7-oxabicyclo[2.2.1 Jheptane-2-3-dicarbimide or
exo-N-methyl-5-(diglycoloxy)-6-dimethyl-7-oxabicyclo[2.2.1]heptane-2-3-dicarbimide. The

chemical structure formula of Universal Linker is as follows:

[0044] (1)
exo-N-phenyl-5-(succinyloxy)-6-dimethyl-7-oxabicyclo[2.2.1]heptane-2-3-dicarbimide
HO@O 0O 0
P
pmTr° 0 \©
[0045] (2)

exo-N-methyl-5-(succinyloxy)-6-dimethyl-7-oxabicyclo[2.2.1 Jheptane-2-3-dicarbimide
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Ho—<_>\—o o 0
W‘%
pmr-© 0
[0046] (3)
exo-N-methyl-5-(diglycoloxy)-6-dimethyl-7-oxabicyclo[2.2.1 ]heptane-2-3-dicarbimide
HO @)
y\ )09 0
@) (@)
N~CH,
pmTr° 0

[0047] The biochip for synthesis of polypeptides is modified with a chemical entity, wherein
the chemical entity is a polymer carrier (resin) for synthesis of polypeptides with a solid phase
method. The resin is directly linked to a first amino acid (initial amino acid) only when a
reaction group is introduced. According to the introduced reaction group, the resins and resin
derivatives are divided into chloromethyl resin, carboxyl resin, amino resin or hydrazide resin.
The chloromethyl resin such as Merrifield resin is generally selected for BOC synthesis method;
carboxyl resin such as Wang resin and 2-CI(Trt)-Clresin are generally selected for the FMOC
synthesis method. The immobilization of the initial amino acid is mainly achieved by a covalent
bond formed between the carboxyl protecting the amino acid and the reaction group of the resin.
There are many ways to form the covalent bond: for chloromethyl resin, generally tetramethyl
ammonium salt or sodium salt, potassium salt or cesium salt which protects amino acid is first
prepared, and then the product directly reacts with the resin or reacts in an appropriate organic
solvent such as dioxane, DMF or DMSO at an appropriate temperature; for carboxyl resin, an
appropriate condensing agent such as DCC or carboxyl diimidazole is generally added so that
the protected amino acid and the resin form co-ester to complete the immobilization of amino
acid; for amino resin or hydrazide resin, the immobilization of amino acid is completed through
an amido bond formed between the protected amino acid and the resin, after addition of an
appropriate condensation agent such as DCC.

[0048] In the preferred technical solution of the biochip for synthesis of polypeptides, the
chemical entity (linker molecule) for modifying the chip is the carboxyl resin, which is a
molecule having a group capable of condensing with carboxyl at the terminal, such as Wang
resin and 2-CI(Trt)-Cl resin, or a molecule having a similar chemical structure; preferably,
a linker molecule which has a functional group capable of reacting with an amino on the
beginning end and a functional group capable of coupling with carboxyl of an amino acid
monomer on the terminal, and is capable of being dissociated when in acid treatment, a

compound having any one or more functional groups of ester group, lipid group, thioester group,
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o-nitrobenzyl group, coumarin group, hydroxyl, mercapto, mercapto ether group, carboxyl,
formyl, amino, amido, amide group, alkenyl and alkynyl in the middle, such as
4-hydroxymethyl benzoic acid, 4-chloromethyl benzoic acid, or substituted 4-hydroxymethyl
benzoic acid or 4-chlorohydroxymethyl benzoic acid, and the preferred linker molecule is
4-hydroxymethyl benzoic acid.

[0049] B. For biodetection

[0050] In another specific aspect, the present application provides a biochip, the biochip
carrying a specific antigen/antibody and a code, and the code has a unique corresponding
relationship with the chip. For example, the surface of the chip for antigen detection is modified
with the specific antibody; the surface of the chip for antibody screening is modified with the
specific antigen.

[0051] Preparation of biochips

[0052] In another aspect, the application provides a method for preparing a biochip, the
method comprising the following steps:

[0053] 1) coding the chip;

[0054] 2) pretreating the chip;

[0055] 3) carrying out silanization treatment on the surface of the chip;

[0056] 4) chemically modifying the surface of the chip;

[0057] 5) optionally, detecting or quantitatively analyzing the chemical modification.

[0058] As used in the invention, “coding the chip” means adding a unique identify tag for the
chip. It should be understood that “code” here means any features for distinguishing and
identifying the identity of the chip. The features include but are not limited to numbers, symbols,
graphs, identification codes such as bar codes and 2-dimensional bar codes. In a preferred
embodiment, “coding the chip” includes adding a 2-dimensional bar code on the chip, the
2-dimensional bar code being uniquely corresponding to the chip. In other words, the
2-dimensional bar codes added on different chips are different from one another.

[0059] In a specific embodiment, according to the invention, the 2-dimensional bar code is
printed on the chip using laser printing, as a recognizable signal. To adapt to different
application scenes, it is needed to design and fabricate chips that have different types of
polishing and 2-dimensional bar code, namely, a non-polished single-sided 2-dimensional bar
code chip, a non-polished double-sided 2-dimensional bar code chip, a single-polished
single-sided 2-dimensional bar code chip, a single-polished double-sided 2-dimensional bar
code chip, a double-polished single-sided 2-dimensional bar code chip and a double-polished
double-sided 2-dimensional bar code chip. The surface of the chip is specially treated in the
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application scenes with special requirements, such as frosting or nano point location
modification to increase surface area and ensure the rapid, accurate and efficient recognition of
the 2-dimensional bar code chip.

[0060] Taking a 2-dimensional bar code chip for DNA synthesis as an example, the following
technology is adopted: the size of the chip for DNA synthesis proposed by the application may
be adjusted according to the application situation, for example, 2 mm * 2 mm, or even 1 mm * 1
mm, 0.5 mm * 0.5 mm or less, and the minimum may be sub-millimeter level (see Fig. 1 for
example). Because the size of the chip is small, the dot 2-dimensional bar code mode is selected
as the dot mode. In order to ensure the cutting quality and no burr, the 2-dimensional bar code
chip proposed in the application is mechanically cut. In order to ensure the coding depth, the red
laser is selected so that the point location is deep and clear, so even if there are some abrasions
in the subsequent long-term use, the recognition of the 2-dimensional bar code is still not
affected. To solve the problem that a large number of chips are inevitably adhered in the process
of use, an oscillating reaction container is used to ensure the high efficiency in the process of
use without affecting the uniformity of chip reaction on the surface of the chip. Recognition of
chips is a photographing, enlarging and recognizing process of chips. In order to better
recognize the chip, the points in the 2-dimensional bar code are as large and deep as possible.
[0061] In a specific embodiment, a plurality of 2-dimensional bar codes different from one
another are printed on the whole silicon wafer at equal intervals, for example the 2-dimensional
bar code may be 1 mm * 1 mm in size. Then, the silicon wafer is cut into 2 mm*2mm chips, and
it is ensured that the 2-dimensional bar code is located in the center of each chip when in
cutting.

[0062] As used herein, “pretreating the chip” is to achieve the purpose of cleaning the surface
of the chip and meanwhile exposing more hydroxyl to improve the activity of surface reaction.
The pretreatment steps include acid treatment, alkali treatment, ultrasonic treatment, plasma
cleaning, acetone washing or a combination thereof, wherein the acid is selected from sulfuric
acid, hydrochloric acid, phosphoric acid, piranha liquid and the like, the alkali may be selected
from sodium hydroxide and potassium hydroxide and the like. In a preferred embodiment, the
pretreatment method is acid treatment followed by plasma cleaning; more preferably, the
pretreatment method is sodium hydroxide treatment followed by plasma cleaning and acetone
washing.

[0063] As used herein, “carrying out silanization treatment on the surface of the chip” refers
to carrying out amino modification on the surface of the chip. In the process of silanization, one
or more of a chemical vapor deposition (CVD) method, solution soaking, simple negative

pressure vapor deposition method and the like are adopted, wherein the silanizing reagent is a
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reagent in which an alkoxy silicon group is at one end and amino is at the other end, and may be
selected from APTMS, APTES and the like, preferably, APTMS is used as the silanizing reagent,
further preferably, a 50% silanizing reagent is used. In a preferred embodiment, the simple
negative pressure vapor deposition method is adopted so as to ensure convenient operation and
uniform surface modification while ensuring efficient silanization.

[0064] As used herein, “chemically modifying the surface of the chip” means linking the
chemical entity onto the surface of the chip. The specific varieties of chemical entities depend
on specific applications of the chip.

[0065] When the biochip is used for synthesis of nucleic acids (DNA/RNA), the chemical
entity is preferably a linker molecule having a functional group capable of reacting with amino
at the beginning end and hydroxyl with an acid-labile protecting group at the terminal, and the
protecting group is removed to expose the hydroxyl when in acid treatment, and having any one
or more functional groups of ester group, lipid group, thioester group, o-nitrobenzyl group,
coumarin group, hydroxyl, mercapto, mercapto ether group, carboxyl, formyl, amino, amido,
amide group, alkenyl and alkynyl in the middle, preferably the beginning end is carboxyl, the
protecting group at the terminal is triphenylmethyl, for example 4,4’-dimethyoxytripheylmethyl
(DMT), which will be removed when in treatment with solutions of dichloroacetic acid,
trichloroacetic acid or trifluoroacetic acid in organic solvents (such as dichloromethane and
acetonitrile).

[0066] When the biochip is used for synthesis of polypeptide, the linker molecule is
preferably carboxyl resin, namely, a molecule having a group capable of condensing with
carboxyl at the terminal, such as Wang resin and 2-CI(Trt)-Cl resin, or a molecule having a
similar chemical structure; preferably, a linker molecule which has a functional group
capable of reacting with an amino on the beginning end and a functional group capable of
coupling with carboxyl of an amino acid monomer on the terminal, and is capable of being
dissociated when in acid treatment, a compound having any one or more functional groups of
ester group, lipid group, thioester group, o-nitrobenzyl group, coumarin group, hydroxyl,
mercapto, mercapto ether group, carboxyl, formyl, amino, amido, amide group, alkenyl and
alkynyl in the middle, such as 4-hydroxymethyl benzoic acid, 4-chloromethyl benzoic acid, or
substituted 4-hydroxymethyl benzoic acid or 4-chlorohydroxymethyl benzoic acid, and the
preferred linker molecule is 4-hydroxymethyl benzoic acid.

[0067] It is noted that the steps of the preparation of a biochip are preferably performed
according to the following sequence: coding is first performed and then surface chemical
modification is performed so as to better protect the modified surface of the biochip, which

facilitates the subsequent application of the biochip. For example, after the 2-dimensional bar
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code is printed on the chip using laser printing, the chip undergoes pretreatment and silanization
treatment, and finally the surface of the chip is chemically modified; if the sequence is inverted,
e.g. the surface of the chip is chemically modified after the chip undergoes pretreatment and
silanization treatment, and finally the 2-dimensional bar code is printed on the chip using laser
printing, it is easy to cause damage on the chemical molecule modified on the surface of the
chip in the process of laser printing, affecting the subsequent application of the chip.

[0068] It is well understood that when the target compound is synthesized, the chemical entity
(linker molecule) carried on the chip contacts a reaction reagent each time, the monomer in the
reaction reagent is allowed to link to the terminal of the linker molecule to prolong the linker
molecule. Contact and reaction are repeated, so as to continuously prolong the length of the
synthesized compound until the target compound is obtained.

[0069] In some preferred embodiments, it is needed to conveniently cut/separate the
synthesized product (target compound) from the chip after the synthesis reaction on the chip is
completed.

[0070] For example, when the target compound is DNA, the target compound is cut from the
chip through ammonolysis reaction. In some preferred embodiments, a reagent for ammonolysis
reaction may be selected from ammonia water, ammonia gas, methylamine or any combination
thereof. In some preferred embodiments, ammonolysis reaction is carried out at a temperature
selected from room temperature~120°C, for example room temperature~60°C, 60~90°C and
90~120°C. In some preferred embodiments, ammonolysis reaction may be carried out for 0.5
h~48 h, for example 0.5~2 h, 2~5 h, 5~10 h, 10~18 h and 18~24 h. In some preferred
embodiments, the target compound (DNA) is isolated and purified after ammonolysis
reaction. For example, the target compound (DNA) is isolated and purified using MOP,
PAGE, PAGE Plus, HPLC or any combination thereof.

[0071] For example, when the target compound is RNA, the target compound is cut from the
chip through ammonolysis reaction. In some preferred embodiments, a reagent for ammonolysis
reaction is selected from ammonia water, ammonia gas, methylamine or any combination
thereof. In some preferred embodiments, ammonolysis reaction is carried out at a temperature
selected from room temperature~120°C, for example room temperature~60°C, 60~90°C and
90~120°C. In some preferred embodiments, ammonolysis reaction is carried out for 0.5 h~48 h,
for example 0.5~2h, 2~5 h, 5~10 h, 10~18 h and 18~24 h. In some preferred embodiments,
the target compound (RNA) is isolated and purified after ammonolysis reaction. For example,
the target compound (RNA) is isolated and purified using PAGE, PAGE Plus, HPLC or any
combination thereof. In some preferred embodiments, separation and purification are

carried out in a RNase-free environment. For example, in some preferred embodiments,
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HPLC is used for purification, and none of the reagents and equipment which are used for
separation and purification contains RNase (namely, RNase-free) to avoid RNase
contamination.

[0072] For example, when the target compound is a polypeptide, the target compound may be
cut from the chip through addition of an eluting agent. In some preferred embodiments, reagents
(eluting agents) for elution may be selected from hydrofluoric acid, trifluoroacetic acid,
tetrafluoroboric acid or any combination thereof. In some preferred embodiments, the elution
reaction may be carried out at a temperature selected from room temperature~120°C, for
example, room temperature~60°C, 60~90°C and 90~120°C. In some preferred embodiments,
elution reaction may be carried out for 0.5 h~48 h, for example 0.5~2 h, 2~5 h, 5~10 h, 10~18
h and 18~24 h. In some preferred embodiments, the target compound (polypeptide) is
isolated and purified after elution reaction. For example, the target compound (polypeptide) is
isolated and purified via high performance liquid chromatography, affinity chromatography,
capillary electrophoresis or any combination thereof.

[0073] Optionally, after the modification step, the chemical modification may be detected or
quantitatively analyzed using a plurality of technical means in order to characterize the
modification quality of the chip. For example, firstly, the DMT-protected hydroxyl on the
terminal of the linker molecule is de-protected through adding an acid, the color of the collected
solution is qualitatively observed, and red solution indicates linker connection is successful,
namely, the chip is successfully modified. Further, the collected red solution is collected and
quantified, namely, DMT quantification is performed through an UV-Visible spectrophotometer,
the number of Linker molecules on the surface of the modified chip is determined to determine
the loading capacity of molecules on the surface of the chip. Finally, the chip without DMT is
coupled with the fluorescent monomer of 6-FAM, the coupled chip is cleaned and then placed
under a fluorescent microscope for observing fluorescence, the quality of the modified chip may
be determined by the presence, intensity and homogeneity of the fluorescence, namely, high
fluorescence intensity of the chip surface and meanwhile homogenous fluorescence signal
indicate good quality of the modified chip.

[0074] Biochip for synthesis of nucleic acids

[0075] The chip of the application may be used for synthesis of nucleic acids (DNA/RNA).

General methods and principles for solid-phase synthesis of nucleic acids are known by those
skilled in the art. In general, solid-phase synthesis of nucleic acids adopts a solid-phase
phosphoramidite triester method by which a plurality of nucleotides are linked to a chip one by
one in turn through a plurality of rounds of circular reactions to obtain a target product

containing a plurality of nucleotides, wherein each round of circular reaction involves four steps:
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deprotection, activation/coupling, capping and oxidization.

[0076] In a specific embodiment of DNA/RNA synthesis, firstly, according to variety of
monomers required for synthesis and requirement of synthesis throughput, chip coding modes
are selected, and recognition and sorting schemes are firstly formulated, so as to fabricate
biochips for DNA/RNA synthesis with different throughputs and corresponding recognizers,
sorters and drive devices for controlling chip movement and reagent liquid introduction and
discharging. The specific signals on the chip are recognized through the recognizer, the chips
are sorted into a “reaction tank” containing a corresponding coupling monomer, then the driver
is controlled to realize the following: a deprotection reagent is introduced into the reaction tank
for deprotection, and the deprotection reagent is discharged after the reaction is completed; then
a coupling reagent is introduced for coupling according to the to-be-coupled monomer
corresponding to the reaction tank, and then the coupling reagent is discharged; finally a
capping reagent and an oxidization reagent are added in sequence for capping and oxidization
respectively, at this moment, one cycle is completed. Through procedure setting, this cycle is
repeated continuously until the synthesis is completed, the chips are collected together to obtain
a DNA/RNA library, or an individual DNA/RNA fragment is obtained by utilizing the
recognition sorting technology (a flowchart is seen in Fig. 2).

[0077] In a specific embodiment of polypeptide synthesis, firstly, according to variety of
amino acid monomers required for polypeptide synthesis and requirement of synthesis
throughput, chip coding modes are selected, and recognition and sorting schemes are formulated,
so as to fabricate biochips for polypeptide synthesis with different throughputs and
corresponding recognizers, sorters and drive devices for controlling chip movement and reagent
liquid introduction and discharging. The specific signals on the chip are recognized through the
recognizer, the chips are sorted into a “reaction tank” containing a corresponding coupling
amino acid monomer, then the driver is controlled to realize the following: a deprotection
reagent is introduced into the reaction tank for deprotection, the deprotection reagent is
discharged after the reaction is completed; then a coupling reagent is introduced for coupling
according to the to-be-coupled amino acid monomer corresponding to the reaction tank, and
then the coupling reagent is discharged; at this moment, one cycle is completed. Through
procedure setting, this cycle is repeated continuously until the synthesis is completed; the chips
are collected together to obtain a polypeptide library, or an individual polypeptide fragment is
obtained by utilizing the recognition and sorting technology (a flowchart is seen in Fig. 3).

[0078] Biochip for biological detection

[0079] The biochip of the application may be used for biological detection, such as antigen-

and antibody screening and disease diagnosis, especially for simultaneously detecting multiple
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biological samples. The antigen and antibody have a specific bonding ability, namely, one
antigen can specifically bind to a corresponding antibody in affinity; the specific screening of
antigen-antibody may be carried out by utilizing this specific affinity. The conventional
biological detection chip can only detect one biological sample simultaneously, namely, if
antibody A is to be elected, a to-be-screened antibody library passes through a chip modified
with specific antigen A, and after elution and desorbing, the target antibody A is obtained.
Alternatively, a plurality of antigen sites are modified on a single chip to achieve the purpose of
high throughput screening, however, this kind of modification is complicated and difficult to
distinguish.

Screening of antibody

[0080] The biochip of the application can realize simple high-throughput antibody screening.
The technical applicational solution will be described illustratively by taking a modified chip
capable of screening 1000 antibodies:

[0081] 1000 pieces of chips (the size of the chip is 2 mm*2 mm, even 1 mm*1 mm, 0.5
mm*0.5 mm or less) are mixed, each chip is modified with a specific antigen, and then a
solution of an antibody library is added to and immersed the mixed chips. Because the antigen
and the antibody have a specific binding effect, after a period of contact and reaction, the
specific antibody binds to the antigen on the corresponding chip and then the antibody library is
removed, and a washing reagent is added to wash the chips to ensure that the remaining
unbound antibodies are removed up. Subsequently, according to the 2-dimensional bar codes
marked on the chips, the 1000 pieces of chips are sorted into 1000 different reaction wells, and
then a desorption reagent is added to each reaction well containing the chip to desorb and
separate the antibody bound on the chip from the antigen on the chip; the above steps are
repeated many times to ensure that the antibody is completely desorbed. Then the solutions in
the 1000 reaction wells are transferred separately to new 1000 reaction wells, so that the
corresponding 1000 specific antibodies will be screened at the same time, and finally the
obtained antibodies are analyzed and characterized. The antibodies with positive results are
purified to obtain high-purity antibodies. Through the above technical solution, a large number
of high-purity specific antibodies are obtained rapidly and efficiently, so as to complete the
high-throughput screening of the antibodies.

[0082] In the application of antibody screening proposed by the invention, since the chip
subjected to antigen modification is tiny in volume and simple to fabricate, and may be
produced on large scale; in conjunction with marking 2-dimensional bar codes on the chips,
rapid and efficient recognition and sorting are performed, and the throughput of the technical

application for antibody screening can be over ten thousand or even million levels.
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Detection of antigen

[0083] The biochip of the application achieves simple and high-throughput antigen detection.
The specific technical applicational solution will be described illustratively by taking the
modified chips capable of detecting 1000 antigens as an example:

[0084] 1000 pieces of chips (the size of the chip is 2 mm*2 mm, even 1 mm*1 mm, 0.5
mm*0.5 mm or less) are mixed, each chip is modified with a specific antibody, and then a
solution of an antigen library is added to and immersed the mixed chips. Because the antigen
and the antibody have a specific binding effect, after a period of contact and reaction, the
specific antigen binds to the antibody on the corresponding chip and then the antigen library is
removed, and a washing reagent is added to wash the chips to ensure that the remaining
unbound antibodies are removed up. Subsequently, according to the 2-dimensional bar codes
marked on the chips, the 1000 pieces of chips are sorted into 1000 different reaction wells, and
then a desorption reagent is added to each reaction well containing the chip to desorb and
separate the antigen bound on the chip from the antibody on the chip; the above steps are
repeated many times to ensure that the antibody is completely desorbed. Then the solutions in
the 1000 reaction wells are transferred separately to new 1000 reaction wells, so that the
corresponding 1000 specific antigens will be screened at the same time, and finally the obtained
antigens are analyzed and characterized. Through the above technical solution, the
high-throughput detection of the antigens is completed.

[0085] In the technical application proposed by the invention, since the chip is tiny in volume
and simple to fabricate, and may be produced on large scale; in conjunction with marking
2-dimensional bar codes on the chips, rapid and efficient recognition and sorting are performed,
and the throughput of the technical application for antigen detection can be over ten thousand or
even million levels.

[0086] The application will be described in detail though the following examples, wherein the
main reagents and consumable materials used in the examples are as follows:

[0087] Solid phase carrier for synthesis: conventional chip, 100 nm silicon oxide wafer, 300
nm silicon oxide wafer, frosted quartz chip, transparent quartz chip, size: 2*2*0.45 mm

[0088] ACN (acetonitrile): Beijing Dina Xingke

[0089] Deprotection reagent: 3% TCA Deblock, Beijing Dina Xingke

[0090] Activator: 0.25 M Activator, Beijing Dina Xingke

[0091] Phosphoramidite monomers A, T, C, G: Sigma Aldrich

[0092] Oxidizing agent: 0.05 M Oxidizing, Beijing Dinaxingke

[0093] CAP A: Acetic anhydride/pyridine/tetrahydrofuran 1/1/8, Beijing Dinaxingke
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[0094] CAP B: 17.6% w/v nitrogen-methyl imidazole/acetonitrile, Beijing Dina Xingke
[0095] Ammonia water: Sinopharm

[0096] T30 standard sample: Shenzhen National Gene Bank

[0097] TA cloning kit: pMDTM19-T, TaKaRa

[0098] Example 1 Preparation of a chip for synthesis of nucleic acids (DNA/RNA)
[0099] First of all, Guangruite Electronics was entrusted to perform printing and cutting of
customized 2-dimensional bar code chip. Red laser was used for printing, the size of
2-dimensional bar code was 1 mm * 1 mm, a naked silicon wafer printed with 2-dimensional
bar codes was cut into 2 mm * 2 mm * 0.45 mm microchips, the center of each microchip was
printed with specific 2-dimensional bar codes, and the chips which had been printed with
2-dimensional bar code and cut were pretreated with piranha solution, and then cleaned with
plasma. After that, the pretreated chips were silanized through simple negative pressure vapor
deposition by using APTMS. Finally, the Universal linker purchased from Wuhu Huaren
technology was coupled to the chips.

[00100] After that, the DMT protected hydroxyl at the terminal of the linker molecule was
deprotected by adding acid, and the color of the collected solution was qualitatively observed. If
the solution was red, it indicated that the Linker was successfully linked, that is, chip
modification was successful. Then, the collected red solution was quantified, that is, DMT was
quantified by UV-Visible spectrophotometer to determine the molecular number of the Linker
on the surface of the modified chip, so as to determine the molecular load capacity on the
surface of the chip. Alternatively, the chip without DMT was coupled with the fluorescent
monomer of 6-FAM, the coupled chip was cleaned and then placed under the fluorescent
microscope for observing fluorescence, the quality of the modified chip may be further
qualitatively by the presence, intensity and homogeneity of the fluorescence, that is, high
fluorescence intensity of the chip surface and homogenous fluorescence signal indicate good
quality of the modified chip.

[00101] Specific modification steps are as follows:

[00102] 1. 100 mL of 0.1 M NaOH solution was prepared and put into two 100 mL beakers.
2000 pieces of 2-dimensional bar code conventional chips were put into each beaker. The chips
were washed for 3 min by shaking the breakers by hand. Firstly, the chips were washed with
deionized water three times and acetone three times, and dried in the air, to make the surface of
the chip clean to facilitate subsequent silanization modification.

[00103] 2. 100 mL of 50% silanizing reagent was prepared and put into two 100 mL

beakers. 2000 pieces of cleaned 2-dimensional bar code chips were put into each beaker,
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subjected to ultrasonic treatment in an ultrasonic instrument for 30 min, washed with acetone
for 5 times and dried in the air;

[00104] wherein, 50% silanizing reagent was 1% (APTES: PTES = 1:1) acetone solution;
taking the total volume of 100 mL as an example, the components were 500 uL. of APTES, 500
uL of PTES and 99 mL of acetone.

[00105] 3. The chips were dried at 80 °C for 10 min in a drying oven and taken out for
subsequent experiments.

[00106] 4. 1000 mg of Linker, 800 mg of HATU and 2000 uL of DIPEA were taken and put
into 100 mL of acetonitrile, shaken uniformly and then put into two 50 mL centrifuge tubes.
2000 pieces of silanized 2-dimensional bar code chips were put into each centrifuge tube, and
stirred in a vertical mixer overnight. After the reaction was completed, the chips were collected,
washed with acetonitrile and acetone three times respectively, and dried in the air.

[00107] After that, 30 pieces of modified 2-dimensional bar code chips were taken out, and
the DMT on the surface of the chip was eluted by TCA deblock. The concentration of DMT was
measured by UV-vis spectrophotometer, and the grafting density of the Linker on the modified
2-dimensional bar code chip was determined.

[00108] 5. The modified and dried chips were collected into a 50 mL centrifuge tube for
later use.

[00109] Meanwhile, the effects of 1% and 100% silanizing reagents on chip modification
were compared. The steps were the same as above, except that 1% and 100% silanizing reagents
were used respectively to replace 50% silanizing reagents. 1% silanizing reagent was 1%
(APTES: PTES = 1:99) acetone solution; taking the total volume of 100 mL as an example, the
components were 10 pL of APTES, 990 uL of PTES and 99 mL of acetone. 100% silanizing
reagent was 1% (APTES: PTES = 1:0) acetone solution; taking the total volume of 100 mL as
an example, the components were 1000 uL of APTES, 0 puL of PTES and 99 mL of acetone.
Finally, the grafting densities of Linker on the chips modified with three different silanization
ratios were obtained. Results are shown in Table 1.

[00110] Considering that the grafting density of Linker on the surface of the chip is not
positively related to the actual synthesis effect of the target compound, that is, high grafting
density will not necessarily bring forth good synthesis effect of the chip because it involves the
problem of molecular crowding. It is required to ensure the enough number of molecules on the
surface of the chip while considering that the linked oligodeoxynucleotide chains are not too
crowed to affect the final synthesis quality and length in the practical use. Therefore, the

grafting density of Linker, single-step synthesis efficiency, product purity and other factors need
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to be comprehensively considered when exploring the optimal ratio of silanizing reagents in this
example. In this example, after obtaining the chips modified with different silanizing reagent
ratios, the chips were used to synthesize the TS DNA sequence (namely, TTTTT (SEQ ID
NO.15)). The specific method is seen in Example 3, and the purity of the final product and
single-step synthesis efficiency are seen in Table 1. It can be seen from the results in Table 1
that when 50% silanizing reagent was used for modification, although the grafting density of
Linker was not as high as that of 100% silanizing reagent, the purity of the final product and
single step synthesis efficiency of the obtained product were the highest.

Table 1
Silane Linker grafting . Single-step
. ; HPLC purit .
(APTES/PTES) | Picces density Synthetic (0/p) Y| synthesis
ratio (pmol/piece) sequence ° efficiency (%)
1% 30 19.3 TS 79.7 95.6
50% 30 32.0 TS 95.4 99.1
100% 30 33.5 TS 94.5 98.9

[00111] Example2  Preparation of a chip for synthesis of polypeptides

[00112] First of all, Guangruite Electronics was entrusted to perform printing and cutting of
a customized 2-dimensional bar code chip. Red laser was used for printing, the size of
2-dimensional bar code was 1 mm * 1 mm, a naked silicon wafer printed with 2-dimensional
bar codes was cut into 2 mm * 2 mm * 0.45 mm microchips, the center of each microchip was
printed with a specific 2-dimensional bar code, and the chips which had been printed with
2-dimensional bar codes and cut were pretreated with piranha solution, and then cleaned with
plasma. After that, the pretreated chips were silanized through simple negative pressure vapor
deposition by using APTMS. Finally, 4-hydroxymethyl benzoic acid purchased from Annaiji
was coupled to the chip as the Universal linker.

[00113] Example3  Synthesis of DNA

[00114]

and four single base reaction tanks to synthesis DNA molecules. The specific steps are as

In this example, the inventors used the DNA synthesis method as shown in Fig. 2

follows:

[00115] SI. Preparation of synthetic monomers, reaction reagents and reaction tanks
[00116] Four reaction tanks (first, second, third and fourth reaction tanks) were provided
for adding deoxyribonucleotide A, T, C and G respectively, and for deprotection, capping,
oxidation and washing in each reaction tank; wherein,
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[00117] -when coupling,

[00118] adenylate with 5’-hydroxyl protected by DMT and 3’-hydroxyl protected by
phosphoramidite group, and tetrazole were added in the first reaction tank;

[00119] guanosine acid with 5’-hydroxyl protected by DMT and 3’-hydroxyl protected by
phosphoramidite group, and tetrazole were added in the second reaction tank;

[00120] cytidine acid with 5°-hydroxyl protected by DMT and 3’-hydroxyl protected by
phosphoramidite group, and tetrazole were added in the third reaction tank;

[00121] thymidine acid with 5’-hydroxyl protected by DMT and 3’-hydroxyl protected by
phosphoramidite group, and tetrazole were added in the fourth reaction tank;

[00122] -when in deprotection, dichloromethane solution of trichloroacetic acid was added
into the four reaction tanks as a deprotection reagent;

[00123] -when in capping, acetonitrile solution of acetic
anhydride/pyridine/tetrahydrofuran and N-methyl imidazole was added into the four reaction
tanks as a capping reagent;

[00124] -when in oxidation, 0.01 M iodine solution was added into the four reaction tanks
as an oxidant;

[00125] -when in washing, acetonitrile was added into the four reaction tanks as a cleaning
solution.

[00126] S2. Preparation of chips

[00127] Five different types of chips (conventional chip, 100 nm silicon oxide chip, 300
nm silicon oxide chip, frosted quartz chip and transparent quartz chip) modified with 50%
silanizing reagent in Example 1 were used.

[00128] S3. Preparation of equipment and software programs

[00129] Equipment was provided, wherein the equipment included,

[00130] -2-dimensional bar code recognizer, which recognized the 2-dimensional bar code
carried on the chip and generated a signal;

[00131] -chip sorter, which sorted the chips;

[00132] -driving device, which drove the movement of chips;

[00133] -reagent liquid driver, which introduced and discharged the reagent in various
“tanks”;

[00134] -central processing unit, which received a signal generated by the 2-dimensional
bar code recognizer after a 2-dimensional bar code was recognized, and sent an instruction to
control the chip sorter to sort chips and/or control the driving device to move the chip; and

[00135] -memory, which was used to store the sequences of DNA molecules to be
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synthesized, corresponding relationships between the chips and 2-dimensional bar codes,
corresponding relationships between the sequences of DNA molecules to be synthesized and the
chips, and the reactions experienced by each solid-phase matrix.

[00136] In addition, a control program was designed according to the sequence of the target
DNA to be synthesized, which determined the chip sorting scheme according to the
predetermined DNA sequence.

[00137] S4. DNA synthesis

[00138] Firstly, all chips were mixed, and the 2-dimensional bar codes printed on the chips
in advance were recognized by the recognizer. The central processing unit controlled the chip
sorting device to sort the chips according to the recognition signals generated by the recognizer,
controlled the driving device to move each chip to the desired reaction tank according to the
preset control program, and then controlled the reagent liquid driver to realize the following: the
deprotection reagent was introduced into the reaction tank for deprotection, the deprotection
reagent was discharged after the reaction was completed, the cleaning solution was introduced
to clean the chips, and then the coupling reagent was introduced for coupling according to the
monomer corresponding to the reaction tank, the coupling reagent was discharged after the
reaction was completed, the cleaning solution was introduced to clean the chips, and finally, the
capping reagent, the oxidizing reagent and the cleaning solution were introduced again in turn
for capping, oxidization and cleaning respectively; at this moment, one cycle was completed, i.e.
addition/coupling of one base was completed. Specific operation steps, reagents used and
reaction time are shown in Table 2.

[00139] After the coupling of one base was completed, the above steps were repeated
according to the predetermined DNA synthesis sequence information untili DNA molecule

synthesis was completed.

Table 2
Operation Immersion
Reagent/solvent Reagent amount Reaction times
steps time
3%  trichloroacetic  acid
Deprotection 150 uL 15s 2
/dichloromethane
Washing Acetonitrile 250 uL 10s 3
0.1 M  phosphoramidite
40 pL (T)+60 pL
Coupling monomer/acetonitrile, 0.5 M 60 s 2
(ACT)
tetrazole/acetonitrile
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Washing Acetonitrile 250 uL 10s 1
Acetic anhydride/pyridine/
tetrahydrofuran
75 uL (A)+75 uL
Capping 1/1/8, 17.6% w/v 20 s 2
(B)
nitrogen-methyl  imidazole
/acetonitrile
Washing Acetonitrile 250 uL 10 s |
0.01 M iodine solution
Oxidizing (water/pyridine/tetrahydrofur | 150 pL 20s 2
an 2/20/78)
Washing Acetonitrile 250 pL 10 s 3

[00140] S5. Separation and purification of DNA

[00141] After DNA synthesis was completed, all the chips were collected together for
ammonolysis to separate and purify all the synthesized DNA molecules. Alternatively, all the
chips can be recognized using the 2-dimensional bar codes, the target chips were sorted and
collected and subjected to ammonolysis, thereby separating and purifying the target DNA
molecules.

[00142] In this example, five different types of chips were selected for T30 DNA (sequence:
TTTTTTTTTT TTTTTTTTTTTTTTTTTTTT (SEQ ID No.16)) synthesis, in which the five
chips were: conventional chip, 100 nm oxidation chip, 300 nm oxidation chip, frosted quartz
chip and transparent quartz chip. The specific steps are as follows:

[00143] (1) Experiment 1-T30

[00144] 40 pieces of conventional chips (specification: 2*2*0.45 mm, both of two sides
having 2-dimensional bar codes) were taken and mixed, and the monomer to be added in this
cycle was determined according to the target sequence of synthesis. After sorting was performed
with the chip sorter, the chips for synthesis with the same monomer were sorted into the same
reaction tank, the capping reagent consisting of 75 puL of Cap A and 75 pL of Cap B was added.
The chips were immersed in the reaction tank once, the capping reagent was discharged, and the
chips were soaked for reaction once again after adding unused capping reagent once again, and
the capping reactions were performed for 40 s in total; then the capping reagent was discharged,
and acetonitrile was added for washing 3 times. Used acetonitrile was discharged and 150 pL of

deprotection reagent TCA was added, and deprotection reaction was performed for 15s. After
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the used deprotection reagent was discharged, unused deprotection reagent was added again to
react once for 15 s. After the deprotection step was completed, the used deprotection reagent
was discharged and 250 pL of acetonitrile was added for washing 3 times. Acetonitrile was
discharged and then 40 pL of phosphoramidite monomer T and 60 pL of activator ACT were
added, and coupling reaction was carried out for 60 s. After the used reagent was discharged,
unused reagent was added once again to react, and the two reactions were performed for 120 s
in total. The coupling step was completed. The used coupling reagent was discharged, 250 pL of
acetonitrile was added for washing once. Acetonitrile was discharged and the capping reagent
consisting of 75 pL of cap A and 75 pL of cap B was added. The capping reaction was
performed once. After the used capping reagent was discharged, unused capping reagent was
added again once, and the two capping reactions were performed for 40 s in total. The used
capping reagent was discharged and 250 pL of acetonitrile was added for washing once. The
acetonitrile was discharged and 150 pL of oxidant was added, and the oxidation reaction was
performed for 20 s. After the used reagent was discharged, unused reagent was added again
once. The two oxidation reactions were performed for 40 s in total. The used oxidation reagent
was discharged and 250 pL of acetonitrile was added for three times. One cycle was completed
at this moment. The above steps were recycled for 30 times, and then finally deprotection was
performed, ammonolysis was performed with ammonia water, and the T30 product was
obtained after treatment. The single-chip synthesis quantity was quantitatively measured by
Nanodrop, and the HPLC purity was measured by HPLC analysis. The single-step synthesis
efficiency was calculated (the single-step synthesis efficiency was obtained by HPLC purity
analysis. For example, if the HPLC purity of the synthetic T10 was 80%, the single-step

synthesis efficiency was Jo.8=97.8% ). The HPLC results are seen in Fig. 4A.

[00145] Furthermore, it should be noted that before the first cycle of deprotection, capping
treatment was carried out to seal the area on the surface of the chip where the end groups were
not completed, so that it couldn’t couple the building units, thereby improving the synthesis
efficiency. Starting from the second cycle, there is no need for capping again, but the
“deprotection-coupling-capping-oxidation” steps were performed from recognition and sorting.
The cycle was performed until the completion of synthesis.

[00146] (2) Experiment 2-T30

[00147] 40 pieces of 100 nm oxidized chips were taken to synthesize T30 DNA. The
specific steps were the same as Experiment 1. The results of HPLC are seen in Fig. 4B.
[00148] (3) Experiment 3-T30

[00149] 40 pieces of 300 nm oxidation chips were taken to synthesize T30 DNA. The
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specific steps were the same as Experiment 1. The results of HPLC are seen in Fig. 4C.
[00150] (4) Experiment 4-T30

[00151] 40 pieces of frosted quartz chips were taken to synthesize T30 DNA. The specific
steps were the same as Experiment 1. The results of HPLC are seen in Fig. 4D.

[00152] (5) Experiment 5-T30

[00153] 40 pieces of transparent quartz chips were taken to synthesize T30 DNA. The
specific steps were the same as Experiment 1. The results of HPLC are seen in Fig. 4E.
[00154] The DNA synthesis results of the above five experiments are summarized, and the
results are shown in Table 3. It can be seen from Table 3 that for DNA synthesis performed
using the transparent quartz chip, the purity of the product and single-step synthesis efficiency
were the highest. Relative to 100 nm oxidized chip with the lowest single-step synthesis
efficiency, the single-step synthesis efficiency was increased by 2.5%, that is, the synthesis
efficiency of each cycle was increased from 96.8% to 99.3%, and the whole synthesis process
needed 30 cycles, so the purity of the product was significantly improved from 37.9% to 81.0%
after the whole synthesis process. When the synthesized sequence is longer and the number of

reaction cycles is more, the purity of the product is improved more significantly.

Table 3
Amount of]
Experiment Object Single-step
Chips single piece(HPLC purity
number picture synthesis efficiency
synthesis
1 Conventional chip F 15.7 pmol 43.0% 97.2%
100 nm oxidized| g iy
2 %ae 9.2 pmol 37.9% 96.8%
chip
300 nm oxidized|y ':
3 (T 10.5 pmol 55.4% 98.1%
chip
aF
4 Frosted quartz chip 54.6 pmol 71.3% 98.9%
Transparent  quartz|
S 26.8 pmol 81.0% 99.3%
chip

[00155] (6) Experiment 6: 59 nt oligonucleotide synthesis based on transparent quartz chip,

gene assembling test, and sequencing results analysis
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[00156] In order to further identify the optimal carrier for synthesis, the transparent quartz
chip was used to synthesize 14 pieces of 59 nt oligonucleotides, and the sequences are shown in
Table 4. The correctness of the target band was verified by small fragment gene assembly based
on one-step PCA/PCR reaction strategy and gel electrophoresis image. Finally, the optimal
solid-phase synthesis carrier was identified after gel cutting and recovery, TA cloning

transformation and Sanger sequencing.

Table 4

Number

SEQ

Sequence NO

ID

59 nt-1 |GCCCATTTCTCGAACGTACTTCTCACAGTTTCAGTTAAGAAATCGAAGAAGTAAGATAC

59 nt-2 |JAGTACGTTCGAGAAATGGGCCACTACCGGAGAAACACTTCAGTTACTCTTTGAGATGAA

59 nt-3 |AAGTATTTGCATAAGCACTTTAAATGTAGGTTTTTTCATCTCAAAGAGTAACTGAAGTG

59 nt-4 |ACATTTAAAGTGCTTATGCAAATACTTATAGGTGGCAATCAAGTTGAAAATGAATTGCT

59 nt-5 |[CAAATCGGAAATTGTTCTCCTTGAACAAAGCGTCAAGCAATTCATTTTCAACTTGATTG

59 nt-6 |CAAGGAGAACAATTTCCGATTTGCTGGTCTTCGTAGCATGCCCCTCGATTTCCCCGGAT

59 nt-7 |AACTATTTCTCCTCGACCCTTCATTGCCCTGTTGTAAGTAGATCCGGGGAAATCGAGGG

59 nt-8 |GAAGGGTCGAGGAGAAATAGTTAAGATATACGAACGGATAATAAATGAAAGAAAAGTGA

59 nt-9 |GGTCCTTGGCTCTCCTCTAGTCTTGGCAATCATCACTTTTCTTTCATTTATTATCCGTT

O | o 9| &N | K| W[ N

59 nt-10TAGAGGAGAGCCAAGGACCAACATACTGGATATAATGCTAGACAGTCAATGTGATGAGG

—
(=)

59 nt-11|ACTTTCATGATATTCTCATCATTCAATACTTTTCCTTCCTCATCACATTGACTGTCTAG

[
—_

59 nt-12|GTATTGAATGATGAGAATATCATGAAAGTGCTGCTTTGGTATACATTTAGTGGTTATGA

—
\S}

59 nt-13]ATAATAGTCTGTGTGGCAACCTTTGCAATAGATTCATAACCACTAAATGTATACCAAAG

—_
w

59 nt-14AGGTTGCCACACAGACTATTATGTTATTGGAAAAACACCCCGAGTGCTTCCAGAAAGCA

._‘
~

[00157] The specific steps are as follows:

[00158] 42 pieces of transparent quartz chips were taken to synthesize the oligonucleotides
according to the method of Experiment 1 in Example 3. Deprotection was performed to
synthesize 14 oligonucleotides of which the sequences are listed in the above table. Each
oligonucleotide was synthesized in parallel by using 3 pieces of chips (that is, each sequence
was synthesized by using 3 groups of parallel tests), and 42 oligonucleotides were synthesized
in total. 42 primers 3 * (59 nt-1 - 59 nt-14) were divided into three groups (14 pieces/group) for
ammonolysis. After treatment, three groups of 59 nt mix products in 50 pL each were obtained.
10 pL of samples were added with 4 pL of dNTPs, 5 pL of buffer, 4 pL of head tail primers and
0.5 pL of DNA polymerase respectively. The volume was supplemented to 50 pL with water,
and the mixture was evenly mixed for one-step PCA/PCR reaction. After 35 cycles of PCR
amplification, the products were stored at 12 °C. 2 pL. of PCR products were spotted into the gel
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well, the voltage was adjusted to 180 V, and the electrophoresis time was 30 min. The results are
shown in Fig. 5. It can be seen from Fig. 5 that the 560 bp gene band assembled by the 59 nt
primers synthesized on the transparent quartz chips was clear and correct compared with the
standard synthetic primers.

[00159] In addition, the gel with PCR products with correct bands were cut and recovered,
and then a TA cloning Kit (PMDTM19-T) of TaKaRa Company was used for cloning and
transformation experiment. TA clone transformants with correct bands that had been verified by
Colony PCR were sent to Sanger sequencing. Results of Sanger sequencing are shown in Table

5. The average error rate of the three groups of parallel experiments was 0.34%.

Table 5
Types of Total
Total error | Gene Error
chip Primer | Deletion | Mutation | Insertion base
number | length rate
number
Mix-1 |5 2 6 13 560 3920 0.33%
Transparent
Mix-2 | 6 2 6 14 560 4480 0.31%
quartz chip
Mix-3 | 6 6 5 17 560 4480 0.38%

[00160]

By chemical modification to different types of 2-dimensional bar code chips and a series of 59
nt oligonucleotide synthesis based on soaking-recognizing-sorting on the modified chips and
gene synthesis and sequencing, and by comparing the HPLC analysis results of synthesis of a
plurality of chips , it is indicated that the 2-dimensional bar code chips modified by chemical
modification can be used to synthesize oligonucleotides, and the transparent quartz chip has the
best synthesis effect. The single-chip synthesis amount of corresponding T30 primers was 26.8
pmol, the HPLC purity was 81.0%, and the single-step synthesis efficiency reached 99.3%.
Finally, synthesis of 14 of 59 nt primers, small fragments assembly and Sanger sequencing
further verified that the transparent quartz chip had better effect, and the error rate of the
sequencing results of Mix group was lower to 0.3%.

[00161] The above examples and experimental results show that the biochip proposed by
the invention can be used for DNA synthesis, and the final test results show that the transparent
quartz chip has good synthesis effect, which is comparable with the current commercial
mainstream synthesis. It is further showed that the chemical modified biochip proposed by the
invention is feasible and has a good application prospect.

[00162] Example4  Synthesis of RNA
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[00163] 1In this example, the inventors used an RNA synthesis method based on
soaking-sorting and 4 single-base reaction tanks for synthesis of RNA molecules. The specific
steps are as follows:

[00164] SI. Preparation of synthetic monomers, reaction reagents and “tanks”

[00165] Four tanks (first, second, third and fourth reaction tanks) were provided for adding
ribonucleotides A, U, C and G respectively, and for deprotection, capping, oxidation and
washing in each reaction tank; wherein,

[00166] -when coupling,

[00167] adenylate with 5°-hydroxyl protected by DMT, 2’-hydroxyl protected by TBDMS
and 3’-hydroxyl protected by phosphoramidite group, and tetrazole were added in the first
reaction tank;

[00168] guanosine acid with 5’-hydroxyl protected by DMT, 2’-hydroxyl protected by
TBDMS and 3’-hydroxyl protected by phosphoramidite group, and tetrazole were added in the
second reaction tank;

[00169] cytidine acid with 5’-hydroxyl protected by DMT, 2’-hydroxyl protected by
TBDMS and 3’-hydroxyl protected by phosphoramidite group, and tetrazole were added in the
third reaction tank;

[00170] thymidine acid with 5’-hydroxyl protected by DMT, 2’-hydroxyl protected by
TBDMS and 3’-hydroxyl protected by phosphoramidite group, and tetrazole were added in the
fourth reaction tank;

[00171] -when in deprotection, dichloromethane solution of trichloroacetic acid was added
into the four reaction tanks as a deprotection reagent;

[00172] -when in capping, acetonitrile solution of acetic
anhydride/pyridine/tetrahydrofuran and N-methyl imidazole was added into the four reaction
tanks as a capping reagent;

[00173] -when in oxidation, 0.01 M iodine solution was added into the four reaction tanks
as an oxidant;

[00174] -when in washing, acetonitrile was added into the four reaction tanks as a cleaning
solution.

[00175] S2. Preparation of chips

[00176] Chips modified by 50% silanizing reagent in Example 1 were used.

[00177] S3. Preparation of equipment and software programs

[00178] Equipment was provided, wherein the equipment included,

[00179] - 2-dimensional bar code recognizer, which recognized the 2-dimensional bar code
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carried on the chip and generated signals;
[00180] - chip sorter, which sorted the chips;
[00181] - driving device, which drove the movement of chips;
[00182] - reagent liquid driver, which introduced and discharged the reagents in various
“tanks”;
[00183] - central processing unit, which received a signal generated by the 2-dimensional
bar code recognizer after a 2-dimensional bar code was recognized, and sent an instruction to
control the chip sorter to sort chips and/or control the driver to move the chip; and
[00184] - memory, which was used to store the sequences of RNA molecules to be
synthesized, corresponding relationships between the chips and 2-dimensional bar codes,
corresponding relationships between the sequences of RNA molecules to be synthesized and the
chips, and the reactions experienced by each chip.
[00185] In addition, a control program was designed according to the sequence of the target
RNA to be synthesized, which determined the chip sorting scheme and moving scheme
according to the predetermined RNA sequences.
[00186] S4. RNA synthesis
[00187] Firstly, 1000 pieces of chips were mixed, and the 2-dimensional bar codes printed
on the chips in advance were recognized by the recognizer. The central processing unit
controlled the chip sorting device to sort the chips according to the recognition signals
generated by the recognizer, controlled the driving device to move each chip to the desired
reaction tank according to the predetermined control program, and then controlled the reagent
liquid driver to realize the following: the deprotection reagent was introduced into the reaction
tank for deprotection, the deprotection reagent was discharged after the reaction was completed,
the cleaning solution was introduced to clean the chips, and then the coupling reagent was
introduced for coupling according to the monomer corresponding to the reaction tank, the
coupling reagent was discharged after the reaction was completed, the cleaning solution was
introduced to clean the chips, and finally, the capping reagent, the oxidizing reagent and the
cleaning solution were introduced again in turn for capping, oxidization and cleaning
respectively; at this moment, one cycle was completed, i.e. addition/coupling of one base was
completed. The specific operation steps, reagents used and reaction time are shown in Table 6.
[00188] After one coupling of base was completed, the above steps were repeated
according to the predetermined RNA synthesis sequence information until synthesis of 1000
RNA molecules was completed.

Table 6
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Operation steps Reagents/solvents Soaking time

Deprotection 10% trichloroacetic acid/dichloromethane | 15s
Cleaning Acetonitrile 60 s
Cleaning Acetonitrile 60 s

0.1 M phosphoramidite monomer (single
Coupling base) /acetonitrile, 0.5 M 90's

tetrazole/acetonitrile

Cleaning Acetonitrile 60 s
Acetic anhydride
Capping /pyridine/tetrahydrofuran 1/1/8, 17.6% 30s

w/v nitrogen-methyl imidazole/acetonitrile

0.01 M iodine solution
Oxidizing . 30s
(water/pyridine/tetrahydrofuran 2/20/78)

Cleaning Acetonitrile 60 s

Cleaning Acetonitrile 60 s

[00189] S5, separation and purification of RNA
[00190] After RNA synthesis was finished, 1000 pieces of chips were collected together for

ammonolysis to separate and purify all the synthesized RNA molecules. Alternatively, 1000
pieces of chips can be recognized using the 2-dimensional bar codes, the target chips were
sorted and collected and subjected to ammonolysis, thereby separating and purifying the target
RNA molecules.

[00191] The RNA molecules synthesized by each chip was separated, purified and
sequenced. It was shown by the sequencing results that each synthesized RNA molecule had an
expected target sequence.

[00192] Example 5 Synthesis of polypeptide

[00193] In this example, the inventors used a polypeptide synthesis method based on
soaking-sorting as shown in Fig. 3 and 21 single amino acid reaction tanks for synthesis of
polypeptides. The specific steps are as follows:

[00194] SI. Preparation of synthetic monomers, reaction reagents and “tanks”

[00195] 23 tanks were provided, wherein,

[00196] -21 synthesis tanks (corresponding to 21 conventional amino acid monomers),
which were provided for adding a different amino acid monomer respectively, wherein each
synthesis tank contained an amino acid monomer with an a-amino group protected by Fmoc and
a side chain protected (if a side chain was present), as well as tetramethyluronium
hexafluorophosphate, N-methyl morpholine and DMF;

[00197] -a deprotection tank, in which DMF solution containing 20% piperidine was used
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as a deprotecting agent;

[00198] -a washing tank, which contained DMF/DCM as a cleaning solution.

[00199] S2. Preparation of chips

[00200] Chips prepared in Example 2 were used.

[00201] S3. Preparation of equipment and software programs

[00202] Equipment was provided, wherein the equipment included,

[00203] - 2-dimensional bar code recognizer, which recognized the 2-dimensional bar code
carried on the chip and generated signals;

[00204] - chip sorter, which sorted the chips;

[00205] - driving device, which drove the movement of chips;

[00206] - reagent liquid driver, which introduced and discharged the reagents in various
“tanks”;

[00207] - central processing unit, which received a signal generated by the 2-dimensional

bar code recognizer after a 2-dimensional bar codes was recognized, and sent an instruction to
control the chip sorter to sort chips and/or control the driving device to move the chip; and
[00208] - memory, which was used to store the sequences of peptides to be synthesized,
corresponding relationships between the chips and 2-dimensional bar codes, corresponding
relationships between the sequences of peptides to be synthesized and the chips, and the
reactions experienced by each chip.

[00209] In addition, a control program was designed according to the sequence of the target
peptide to be synthesized, which determined the chip sorting scheme and moving scheme
according to the predetermined peptide sequence.

[00210] S4. Polypeptide synthesis

[00211]  Firstly, 1000 pieces of chips were placed in the deprotection tank for deprotection;
after the reaction was completed, they were moved to the washing tank for cleaning twice; and
then the 2-dimensional bar codes printed on the chips in advance were recognized by the
recognizer. The central processing unit controlled the chip sorting device to sort the chips
according to the recognition signals generated by the recognizer, controlled the driving device to
move each chip to the desired reaction tank for coupling reaction according to the
predetermined control program. After the coupling reaction was completed, all of the chips were
moved to the washing tank for cleaning twice, and thus addition/coupling of one amino acid
was completed. In each reaction in the above steps, by using the reagent liquid driver, the

corresponding reagent was introduced into the tank before starting the reaction and discharged
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out of the tank after the reaction was completed. The specific operation steps, reagents used and
reaction time are shown in Table 7.

[00212] After the coupling of one amino acid was completed, the above steps were
repeated according to the predetermined sequence information of the polypeptide until 1000

polypeptide molecules were synthesized.

Table 7

Operation steps Reagents/solvents Soaking time
Deprotection 20% piperidine/DMF 15s
Cleaning DMF/DCM 60 s
Cleaning DMF/DCM 60 s

Amino acid monomer,

tetramethyluronium
Coupling 90s

hexafluorophosphate /N-methyl
morpholine, DMF (1:24)

Cleaning DMF/DCM 60s
Cleaning DMF/DCM 60s

[00213] S5. Separation and purification of polypeptides

[00214] After the polypeptide synthesis was finished, 1000 pieces of chips were collected
together for dissociation to separate and purify all the synthesized polypeptide molecules.
Alternatively, 1000 pieces of chips were recognized using the 2-dimensional bar codes, the
target chips were sorted and collected and subjected to dissociation, thereby separating and
purifying the target polypeptide molecules.

[00215] The polypeptide molecules synthesized by each chip were separated, purified and
sequenced. It was shown by the sequencing results that each synthesized polypeptide molecule

had an expected target sequence.
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1

gcccatttct cgaacgtact tctcacagtt tcagttaaga aatcgaagaa gtaagatac

<210>
<211>
<212>
<213>

<400>

2

59

DNA

Artificial Sequence

2

agtacgttcg agaaatgggc cactaccgga gaaacacttc agttactctt tgagatgaa

<210>
<211>
<212>
<213>

<400>

3

59

DNA

Artificial Sequence

3

aagtatttgc ataagcactt taaatgtagg ttttttcatc tcaaagagta actgaagtg

<210>
<211>
<212>

4
59
DNA

<213> Artificial Sequence

<400>

4
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acatttaaag tgcttatgca aatacttata ggtggcaatc aagttgaaaa tgaattgct

<210>
<211>
<212>
<213>

<400>

5

59

DNA

Artificial Sequence

5

caaatcggaa attgttctcc ttgaacaaag cgtcaagcaa ttcattttca acttgattg

<210>
<211>
<212>
<213>

<400>

6

59

DNA

Artificial Sequence

6

caaggagaac aatttccgat ttgctggtct tcgtagcatg cccctcgatt tccccggat

<210>
<211>
<212>
<213>

<400>

7

59

DNA

Artificial Sequence

7
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<210>
<211>
<212>
<213>

<400>

8

59

DNA

Artificial Sequence

8
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<210>
<211>
<212>
<213>

<400>

9
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DNA

Artificial Sequence

9
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10
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<211>
<212>
<213>

<400>

59
DNA
Artificial Sequence

10
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<210>
<211>
<212>
<213>

<400>

11

59

DNA

Artificial Sequence

11
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<210>
<211>
<212>
<213>

<400>

12

59

DNA

Artificial Sequence

12
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<210>
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<213>
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13
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Artificial Sequence

13
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<210>
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<212>
<213>

<400>

14
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Artificial Sequence

14
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<210>
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<212>
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<400>
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Claims

1. A biochip carrying a chemical entity and a code, wherein the code has a unique

corresponding relationship with the biochip.

2. The biochip according to claim 1, wherein the chemical entity is capable of reacting
with a reaction reagent, thereby linking a monomer in the reaction reagent to a terminal of the

chemical entity.

3. The biochip according to claim 2, wherein the chemical entity is a linker molecule
capable of initiating a DNA/RNA synthesis reaction, preferably a linker molecule having a
functional group reacting with an amino group on a beginning end and having hydroxyl

protected with an acid-labile protecting group on a terminal, more preferably Universal Linker.

4. The biochip according to claim 2, wherein the chemical entity is a linker molecule
capable of initiating a polypeptide synthesis reaction, preferably a linker molecule having a
functional group reacting with an amino group on a beginning end and having a functional
group coupling with carboxyl of an amino acid monomer on a terminal and capable of being
dissociated when in acid treatment finally after the polypeptide synthesis reaction is finished,

more preferably 4-hydroxymethyl benzoic acid.

5. The biochip according to claim 1, wherein the biochip carries a specific antigen for

screening an antibody; or the biochip carries a specific antibody for detecting an antigen.

6. The biochip according to any one of claims 1~5, wherein the code is a specific
characterization for the identity of the biochip, comprising a number, a symbol, a graph and/or

an identification code; preferably, the code is a 2-dimensional bar code.

7. The biochip according to any one of claims 1~6, wherein the biochip has one or more

of the following features:
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(1)  the biochip is selected from a non-polished single-sided 2-dimensional bar code
chip, a non-polished double-sided 2-dimensional bar code chip, a single-polished single-sided
2-dimensional bar code chip, a single-polished double-sided 2-dimensional bar code chip, a
double-polished single-sided 2-dimensional bar code chip and a double-polished double-sided
2-dimensional bar code chip;

(2)  the biochip has a size of less than 2 mm*2mm, preferably 0.5 mm*0.5mm;

(3)  the biochip is made of a material selected from silicon wafer (silicon crystal), glass
sheet (bead), ceramic, sheet metal, plastic sheet (bead), gel, nylon membrane or any combination
thereof, preferably silicon wafer;

(4)  the biochip is made of porous glass, and the porous glass has a particle size of 5
um~2000 pm; the porous glass has a pore diameter of 200A-5 OOOA;

(5)  the biochip is in a form of flake, cuboid, cylinder or sphere, preferably, the
biochip is in a form of square flake;

(6)  the biochip is selected from a 100 nm silicon oxide wafer, a 300 nm silicon oxide
wafer, a frosted quartz chip or a transparent quartz chip; preferably, the biochip is a transparent
quartz chip;

(7)  the biochip has a surface treated with a silanizing reagent, preferably, the silanizing
reagent is selected from APTMS or APTES, more preferably, the silanizing reagent is a 50%

silanizing reagent.

8. A method for preparing the biochip according to any one of claims 1~7, the method

comprising the following steps:
1) coding the biochip;
2) pretreating the biochip;
3) performing silanization treatment on the surface of the biochip;
4) chemically modifying the surface of the biochip; and

5) optionally, detecting or quantitatively analyzing the chemical modification.

9. The method according to claim 8, wherein the pretreating comprises acid treatment,
alkali treatment, ultrasonic treatment, plasma cleaning, acetone washing or a combination
thereof, wherein the acid is selected from sulfuric acid, hydrochloric acid, phosphoric acid and

piranha liquid, the alkali is selected from sodium hydroxide and potassium hydroxide;
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preferably, the pretreatment method is acid treatment followed by plasma cleaning; more
preferably, the pretreatment method is sodium hydroxide treatment followed by plasma cleaning

and acetone washing.

10.  The method according to claim 8, wherein the chemical modification on the

surface of the biochip is achieved by linking the chemical entity on the surface of the biochip.

11.  The method according to claim 8, wherein a 2-dimensional bar code is printed on
the biochip by means of laser printing, preferably, coding is carried out using red laser through a

dot 2-dimensional bar code mode.

12.  The method according to claim 8, wherein silanization treatment is performed on
the surface of the biochip by soaking the biochip in a silanizing reagent and carrying out

ultrasonic treatment, preferably, the silanizing reagent comprises APTES and PTES.

13.  The method according to claim 12, wherein the silanizing reagent is a 50%

silanizing reagent.

14.  Use of the biochip according to any one of claims 1~7 or the biochip prepared by

using the method according to any one of claims 8~13 in synthesis of a biomacromolecule.

15.  The use according to claim 14, wherein the biomacromolecule is a nucleic acid or

a polypeptide.

16.  Use of the biochip according to any one of claims 1~7 or the biochip prepared by

using the method according to any one of claims 8~13 in antigen- or antibody detection.

17. A method for synthesizing a nucleic acid, comprising the following steps:
(1) providing the biochip according to any one of claims 1~7 or the biochip prepared by
using the method according to any one of claims 8~13, wherein the code carried on the biochip

corresponds to a sequence of the nucleic acid to be synthesized;
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(2) providing four reaction tanks which are respectively used for addition of
deoxyribonucleotides A, T, C and G or ribonucleotides A, U, C and G, and for deprotection,
capping, oxidation and washing in each of the reaction tanks;

(3) recognizing the code carried on the biochip, and determining the deoxyribonucleotide or
ribonucleotide to be added according to the sequence corresponding to the code, and sorting the
biochips with the same deoxyribonucleotide or ribonucleotide to be added into the same reaction
tank;

(4) adding a deprotection reagent in the reaction tank, soaking the biochip in the reaction
tank for deprotection, and discharging the deprotection reagent after the reaction is completed,

(5) adding a coupling reagent of corresponding deoxyribonucleotide or ribonucleotide into
the reaction tank, soaking the biochip in the reaction tank for coupling reaction, and discharging
the coupling reagent after the reaction is completed;

(6) adding a capping reagent in the reaction tank, soaking the biochip in the reaction tank
for capping reaction, and discharging the capping reagent after the reaction is completed;

(7) adding an oxidizing reagent in the reaction tank, soaking the biochip in the reaction tank
for oxidizing reaction, and discharging the oxidizing reagent after the reaction is completed,
thereby completing addition of one nucleotide;

(8) according to the sequence of nucleic acid to be synthesized corresponding to the code,
repeating steps (3)~(7) once or more times, thereby generating a nucleic acid having a
predetermined sequence on the biochip;

optionally, the method further comprises the following steps:

(9) cutting the nucleic acid from the biochip, thereby obtaining the nucleic acid.

18.  The method according to claim 17, wherein before the nucleic acid synthesis and
after the biochip is sorted to the reaction tank, the capping reagent is added in the reaction tank,

and the biochip is soaked in the reaction tank for capping reaction.

19.  The method according to claim 17 or 18, wherein a plurality of chips are

simultaneously used to perform synthesis reaction.

20. A method for high-throughput screening of an antibody, wherein the method

comprises the following steps:
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(1) mixing a plurality of chips, wherein the chip is the biochip according to any one of
claims 1~7 or the biochip prepared by the method according to any one of claims 8~13, and each
chip is modified with a specific antigen and carries a unique code;

(2) soaking the plurality of chips in a sample solution to be detected and sufficiently
reacting;

(3) removing the sample solution and washing the chip;

(4) recognizing the code carried on each of the chips, and separating each of the chips from
each other according to the code; and

(5) desorbing the antibody binding to the chip from the antigen on the chip, and identifying
to the obtained antibody.

21. A method for high-throughput detection of an antigen, comprising the following
steps:

(1)  mixing a plurality of chips, wherein the chip is the biochip according to any one of
claims 1~7 or the biochip prepared by the method according to any one of claims 8~13, and each
chip is modified with a specific antibody and carries a unique code;

2) soaking the chip in a sample solution to be detected and sufficiently reacting;

(3)  removing the sample solution and washing the chip;

(4)  recognizing the code carried on each of the chips, and separating each of the chips
from each other according to the code; and

(5)  desorbing the antigen binding to the chip from the antibody on the chip, and
identifying the obtained antigen.

22.  The method according to claim 20 or 21, wherein in step (4), the biochip is sorted
by recognizing the code carried on each biochip, and each chip is moved to a different reaction

container through a drive device being configured to drive the movement of the chip.

23.  The method according to claim 22, wherein a desorption reagent is added into the

reaction container containing the sorted chip to cause desorption of the antigen and the antibody.
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