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In situ chemical synthesis of DNA microarrays
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(State Key Laboratory of Bioelectronics, School of Biological Sciences and Biomedical Engineering,
Southeast University, Nanjing 210096, Jiangsu, China)

Abstract: High-throughput, rapid and low-cost DNA synthesis is an important core technology in the research
fields such as synthetic biology, DNA storage and DNA chips. The in-situ chemical synthesis of DNA microarrays is
based on the principle of solid-phase chemical synthesis of phosphorous acid amides, and integrates the
relevant technologies of microelectronics, computational science, molecular biology, photo-electrochemistry
and micro-nano processing. In the past 30 years, the technology has developed rapidly. In-situ chemical
synthesis methods can be grouped into photolithography, photo-acid methods, electro-acid methods, printing
methods and imprinting methods, efc. based on their base allocation strategy. In this paper, we discuss the
different in-situ chemical synthesis methods of DNA microarrays and their technical characteristics, as well as
the potential development trends of DNA synthesis methods in the future. We believe that in terms of synthesis
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throughput and efficiency, the CMOS (Complementary Metal Oxide Semiconductor) chip-based in-situ
chemical synthesis of electro-acid DNA has tremendous potential in the next decade. By solving the problem of
hydrogen ion crosstalk between microelectrodes on the chip, it is expected that the rapid and low-cost synthesis
of TB-level DNA can be accomplished on a single chip. As shown in the schematic diagram, the voltage of
different areas of the DNA synthesis chip is controlled by computer to selectively deprotect the bases at
different sites to achieve high-throughput parallel synthesis of different sequences of DNA. However, the
bottleneck comes from the crosstalk between micro-electrodes due to acidic ion diffusion inside CMOS chip,
which results in the limitation of synthetic capacity at the hundreds-of-megabyte level. After studying the
behavior of hydrogen ion transport at the micrometer scale, the redesigning of CMOS chip with new materials
and structures is suggested, aiming to suppress the ion diffusion between micro-electrodes and optimize the
structure of microelectrodes and microfluidic channels of the chip and device. It is possible that the synthetic
capacity of single chip could reach terabyte-level for CMOS-based in situ parallel DNA chemical synthesis

with electro-acidified deprotection in the future, which will significantly accelerate the practical applications of

synthetic biology and related technologies.
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(The reaction consists of four reaction steps. (DDetritylation; @Activation and coupling; @ Capping; @Oxidation. Cycle the reaction process to
complete the synthesis of the target DNA strand)
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Fig. 8 Schematic diagram of the in-situ printing synthesis method

(The four base synthesis reagents in the "cartridge" are respectively spotted to the predetermined position of the substrate to synthesize the base, and

this step can be cycled to synthesize a preset DNA sequence in different positions of the substrate)
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(The coupling reagent reacts with the substrate surface to selectively

(The PDMS stamp is in contact with the coupling reagent,
and its pattern surface carries the coupling reagent)

Elastic seal
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—

Reaction
<€ Solution
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synthesize a new nucleotide the substrate lattice. Repeating this step
synthesize the expected DNA sequence at different positions on the substrate)

_)
Reaction
Substrate solution
&
I ———

(The elastic stamp is in contact with the substrate by pressing,
and the coupling reagent is transferred to the substrate surface)

B9 oy Bl R AL
Fig. 9 In-situ synthesis of soft-lithography
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Fig. 10 Principle of electrochemical deprotection microarray synthesis method
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Tab.1 Characteristics of in situ synthesis of microarray DNA
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