Development of DNA as an Electronic Memory Storage Device
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lllustration of the pH-mediated metal switching on the
nanofabricated platform. The metal ion exchange defines
the memory mechanism, which was shown to be writable,
readable, and erasable.
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Scientific Achievement

Researchers showed how DNA molecules can switch between different
memory states by using time-resolved X-ray crystallography to directly
observe metal ions moving within a DNA structure.

Significance and Impact

This work shows that DNA can function as an electronically controlled
memory device, with X-ray studies providing clear evidence of the
atomic-scale changes that make the memory rewriting process possible.

Research Details

* pH was used to precisely place mercury and silver ions in DNA crystals
and on a nanofabricated platform.

* By collecting X-ray structures throughout a full pH cycle, the team
tracked how mercury and silver ions exchanged positions within the
DNA, revealing the structural basis for the different memory states.
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Presenter Notes
Presentation Notes
Summary: 
As silicon-based memory nears its physical limits, DNA offers immense storage density but has lacked electronic integration. This work presents a fully electronic memory device from a single DNA molecule. Instead of using the genetic sequence, information is stored by electrically swapping individual metal ions at the DNA’s core, switching the molecule between distinct, readable states. This direct electrical control of a molecule’s atomic structure creates a rewritable memory, paving the way for molecular-scale systems compatible with modern electronics. 

In this work, in situ X-ray diffraction experiments at NSLS-II Beamlines FMX, AMX and NYX and APS Beamline 17-ID were performed on DNA crystals containing the memory-device sequence. Structures were determined along a complete pH cycle (8.0 → 9.5 → 11.0 → 9.5 → 8.0), enabling direct observation of the structural transitions associated with metal-ion exchange. Time-resolved crystallography revealed that increasing pH from 8.0 to 9.5 gradually displaced the O4-coordinated Hg²⁺ ion, generating a mixed-metal intermediate state, while further increasing pH to 11.0 rapidly converted the base pair to the fully Ag⁺-coordinated configuration. Reverse pH changes restored the original structures, demonstrating reversible reconfiguration. Sensitive diffraction data using Hg anomalous scattering enabled identification and refinement of Hg²⁺ and Ag⁺ occupancies within the DNA base pair, providing direct atomic-scale evidence for the transmetalation process responsible for the distinct memory states.

The crystallographic studies established a direct structure–function relationship between metal-ion occupancy and electrical conductance states, confirming that reversible metal exchange can be used as a reliable molecular switching mechanism for electronically addressable, multi-state DNA memory. This device further represents the first field-effect transistor made directly from DNA.
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