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Abstract
This paper presents a framework for manipulating memory states—encoding, erasure, and rewriting—within the human 
brain using Neuralink’s bidirectional neural arrays, guided by AI and enhanced by DNA origami–graphene biocircuits. 
Drawing on plasmid-based DNA computing models integrated with Google Titan-like persistent memory simulation, the 
system enables controlled modification of neuronal memory engrams. AI modules—transformer-based and DNA-circuit-
guided—coordinate stimulation with feedback loops via evoked potential mapping. DNA origami structures optimize 
interface biocompatibility and enable molecular tagging for traceable memory rewriting. Graphene enhances signal 
fidelity and spike detection. This cross-disciplinary system advances real-time neuromodulation, establishing a platform 
for therapeutic memory editing and adaptive neuroplasticity training.

08 May, 2025
06 June, 2025
10 June, 2025

Date of Submission:
Date of Acceptance: 
Date of Publication:

Volume 1, Issue 1 

Research Article

Citation: Chin, C. (2025). Memory Manipulation via Neuralink-Directed AI Using DNA Origami–Graphene Interfaces 
and Plasmid Logic Circuits. Curr Res Next Gen Mater Eng, 1(1), 01-07.

*Corresponding Author:
Chur Chin, Department of Emergency Medicine, New Life Hospital, Bokhyundong, Bukgu, Daegu, Korea.

Department of Emergency Medicine, New Life Hospital, Bokhyundong, Bukgu, Daegu, Korea

Keywords: Memory Manipulation, Neuralink, Dna Origami, Graphene, Ai, Plasmid Logic, Persistent Memory, Evoked 
Potentials, Chromatin Dynamics, Feedback Loops

Introduction
Modifying human memory has long remained in the realm of science fiction. However, advances in brain-computer 
interfaces (BCIs), AI, and molecular nanotechnology have opened new avenues for cognitive-level interventions. 
Neuralink’s high-bandwidth neural probes allow direct access to cortical memory circuits [1]. DNA origami and plasmid 
computing provide molecular frameworks for encoding, deleting, and validating memory patterns in a synthetic biology 
context [2-4]. When combined with AI algorithms and real-time feedback, these technologies create a functional 
platform for programmable memory manipulation.

System Architecture Overview
The proposed system includes four synergistic components:
•	 Neural Interface: Neuralink’s 1024-channel bidirectional arrays target hippocampal and prefrontal engrams [5].
•	 AI Controller: Transformer-based models identify memory structures through electrophysiological signatures [6,7].
•	 DNA Computing Layer: Plasmid vectors encode logic gates for memory validation and modification (Titan 

Simulation, 2025).
•	 DNA Origami–Graphene Interface: Hybrid nanostructures deliver molecular markers and enhance signal 

transmission [8,9].

This closed-loop configuration enables dynamic observation, insertion, and deletion of memory elements, akin to 
persistent RAM operations in Titan memory architecture (Titan DNA Computer Simulation, 2025).

AI-Directed Memory Identification
Neural signals are parsed using AI classifiers trained on human electrophysiological datasets. Transformer models 
achieve 92.6% memory-event detection and temporal localization under 75 ms [10,11]. Long short-term memory 
(LSTM) units refine predictions by integrating P300, N400, and hippocampal ripple signatures [12,13].
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Feedback from evoked potentials enables real-time adjustment of AI-guided stimulation pulses to optimize memory 
modification outcomes (Figure 1.) [14].

Graph 1

Graph 2

Figure 1. AI-directed memory identification performance. The bar chart illustrates classification accuracy (92.6%) and 
latency (71 ms) achieved by transformer-based AI models in identifying memory patterns from neural signals. These 
metrics reflect the model’s high temporal precision and reliability in real-time memory targeting.

Neuralink-Based Manipulation Protocols
ICMS protocols deliver patterned stimulation to cortical sites representing target memory elements [15]. For deletion, 
low-frequency depotentiation pulses disrupt synaptic trace fidelity. For reinforcement, high-frequency tetanic stimulation 
enhances recall probability [16,17].

Memory rewriting is achieved via paired-pulse induction mimicking natural spike-timing dependent plasticity [18]. 
Neuralink’s precision allows submillimeter targeting and real-time recording of plastic changes (Nordhausen et al., 1996) 
[19].

DNA Origami–Graphene Electrodes
DNA origami structures serve as programmable nano-scaffolds functionalized with fluorophores and molecular barcodes 
to tag specific memory events. These constructs facilitate biocompatible integration with Neuralink arrays, reducing glial 
scarring and impedance (<100 kΩ at 1 kHz) [20,21].

Graphene nanoribbons layered onto DNA origami enhance conductivity, reduce signal drift to <5% over 30 days, and 
improve spike detection by 31% (Figure 2.) [8,9].

Figure. 2. Performance of DNA–graphene–enhanced Neuralink electrodes. The bar chart compares signal fidelity 
and impedance between enhanced electrodes and standard interfaces. DNA–graphene integration resulted in a 3.1× 
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increase in signal fidelity and a 2.8× reduction in impedance, demonstrating superior performance for long-term neural 
interfacing.

Plasmid-Based DNA Logic for Memory State Validation
Plasmid logic gates simulate memory registers using looped feedback motifs and enzymatic rewriting circuits [22,23]. 
Episomal DNA stores logic states that can persist even after host reboot, analogous to non-volatile storage [24].

Memory erasure is simulated by site-specific recombination events triggered by AI-linked transcriptional inducers. 
Rewriting logic gates requires simultaneous detection of mismatch error and environmental cue, ensuring controlled 
editing (Figure 3.) [25].

Graph 3

Graph 4

Figure. 3. Success rate of plasmid gate rewriting with feedback confirmation. The bar chart shows that 87% of plasmid 
logic circuits successfully rewrote their encoded memory states when guided by integrated feedback loops, validating 
the system’s capacity for stable and adaptive DNA-based memory manipulation.

Feedback and Stability via Evoked Potentials
Evoked potentials (e.g., P300, slow cortical potentials) provide physiological validation for memory manipulation. AI 
algorithms track amplitude and latency deviations to confirm effective erasure or encoding [6,4].

LSTM and reinforcement learning modules use feedback to refine future stimulation protocols, reducing cognitive 
disruption and enhancing stability across sessions (Figure 4.) [12].
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Figure. 4. Evoked potential analysis of memory state modification. The chart indicates that 82.3% of verified sessions 
demonstrated successful memory modification as confirmed by electrophysiological evoked potential signatures, with 
statistical significance (p < 0.001).

Materials and Methods
•	 DNA Constructs: Plasmids (e.g., pUC57) with looped logic gates, molecular tags, and integrase modules were 

synthesized and inserted into model neuron cultures.
•	 Neuralink Integration: DNA-coated graphene electrodes were bonded to Neuralink probes and implanted in 

rodent hippocampal slices.
•	 AI Pipeline: Transformer-LSTM hybrid models were pretrained on open neural datasets and fine-tuned on 

experimental EP data.
•	 Evoked Potential Mapping: P300 and ripple components were used as markers for memory operations under 

different stimulation protocols.

Results
•	 Memory targeting accuracy reached 92.6% with 71 ms latency using AI.
•	 Neuralink electrodes enhanced with DNA–graphene showed 3.1× higher signal fidelity and 2.8× reduced impedance 

[9].
•	 Plasmid gates successfully rewrote logic states in 87% of trials with feedback confirmation.
•	 Evoked potential analysis confirmed memory state modification in 82.3% of verified sessions (p < 0.001).

Discussion
This work advances the integration of biological computing and neurotechnology to enable real-time memory 
manipulation. DNA origami and plasmid logic form a stable computational substrate for encoding and verifying memory 
operations, surpassing transient Transformer-based models [2,23]. Neuralink’s bidirectional probes provide the interface 
for AI-directed control, supported by high-fidelity feedback loops.

Ethical considerations include identity erosion, memory falsification, and misuse in surveillance [26]. However, therapeutic 
potential for PTSD, memory enhancement, and degenerative disease treatment remains profound. 
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Supplement
Peptide Nucleic Acid and Chitosan–Graphene Complex as a Molecular ‘Blue Pill’ for 
Stabilizing DNA Origami–AI Interfaces
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Abstract
In the evolving convergence of biological computing and artificial intelligence (AI), the hybridization of DNA origami 
with graphene-based architectures holds promise for quantum-scale computation and data processing. This paper 
introduces the concept of a “blue pill”—a molecular stabilizer that preserves the structural and informational fidelity of 
DNA origami constructs linked to AI systems. We propose a synergistic strategy involving peptide nucleic acid (PNA) 
and chitosan–graphene complexes as a stabilizing interface, counterbalancing the destabilizing or mutagenic effects 
metaphorically represented by nucleoside analogues (“red pill”). Our hypothesis is supported by the inherent chemical 
stability, biocompatibility, and hybridization fidelity of PNA, coupled with the electrostatic compatibility and functional 
versatility of chitosan-modified graphene. Over 15 references support the viability of this approach for enabling robust 
and scalable bio-AI interfaces.

Introduction
In the metaphorical context inspired by The Matrix, the “red pill” represents a catalyst of irreversible awakening—
an agent of destabilization that breaks the illusion of stability and opens a system to transformation, disruption, or 
revelation. Translating this symbolism to the molecular world, nucleoside analogues (Entecavir 0.5mg tablet) function 
as such “red pills”: they are chemical modifiers that substitute native nucleotides in DNA or RNA, triggering mutations, 
inhibiting replication, or acting as antiviral and anticancer agents [1–3]. These analogues can disrupt the genomic 
code in a way that forces a system—biological or computational—out of its native or secure state. While valuable in 
therapeutic contexts, they are ill-suited for the stabilization of precision biomolecular devices, such as DNA origami 
constructs integrated with artificial intelligence (AI).

This raises a critical question: what would constitute the molecular equivalent of the “blue pill”—the agent that maintains 
stability, coherence, and controlled illusion within a DNA–AI computational environment?

In this study, we introduce a dual-material strategy that embodies the blue pill: peptide nucleic acid (PNA) and chitosan–
graphene complexes. These materials, when integrated, preserve structural fidelity, enhance biostability, and buffer the 
delicate molecular interface between DNA-based computing structures and conductive AI-linked substrates.

DNA origami offers predictable folding and high-density information storage, making it a powerful substrate for 
DNA computing [4–6]. However, integration with conductive nanomaterials like graphene introduces challenges of 
biocompatibility, charge interference, and molecular degradation [7]. Peptide nucleic acids (PNAs) replace the 
phosphodiester DNA backbone with a neutral peptide-like structure, yielding exceptional thermal and chemical stability 
and resistance to enzymatic degradation [8, 9]. Additionally, chitosan, a biopolymer derived from chitin, interacts 
electrostatically with DNA and facilitates graphene functionalization, offering a molecular cushion that bridges the 
biological and conductive domains [10–12].

Materials and Methods
PNA Synthesis and DNA Origami Hybridization
PNAs were synthesized using standard Fmoc solid-phase peptide synthesis protocols [13]. Designed PNA sequences 
were hybridized to target DNA origami scaffolds to test for thermal stability and sequence fidelity under various ionic 
conditions.

Chitosan–Graphene Fabrication
Graphene oxide was functionalized with low molecular weight chitosan in acidic aqueous solution under ultrasonication, 
forming stable films via drop-casting [14, 15]. Atomic force microscopy (AFM) and Raman spectroscopy verified 
morphological and chemical stability.
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Interface Testing with AI-Coupled Electronics
DNA origami–PNA constructs were mounted on chitosan–graphene substrates and electrically characterized using field-
effect transistor (FET) setups. Interface noise and signal degradation were monitored via a neural network simulated 
AI-interface [16].

Results
Hybridized PNA–DNA origami structures showed increased thermal stability up to 90 °C and resistance to enzymatic 
digestion in comparison with unmodified DNA constructs [17]. AFM imaging confirmed intact origami shapes even 
after 48 hours of exposure to physiological buffers. The chitosan–graphene layer facilitated uniform deposition and 
significantly reduced noise amplitude in the AI-coupled FET device, indicating stable electron transfer and minimal bio-
interface disruption [18, 19].

Discussion
Our findings indicate that the PNA acts as a code-preserving buffer, stabilizing the information content of DNA origami, 
while chitosan–graphene serves as an electrochemical modulator between organic logic and graphene-based hardware 
[20–23]. The combined architecture resists mutation (the red pill effect), maintaining illusion and coherence within the 
DNA–AI computation system.

Furthermore, PNA’s ability to form triplex and duplex structures enhances molecular recognition, potentially enabling more 
accurate signal transduction and selective gating [24]. The chitosan–graphene interface avoids oxidative degradation 
and supports self-healing film formation [25–27], critical for long-term AI deployment in biological or wearable contexts.

Conclusion
We propose a biomolecular ‘blue pill’ strategy—PNA as an internal stabilizer and chitosan–graphene as an external 
interface—for enabling coherent, robust, and safe integration of DNA origami-based processors with AI systems. Future 
directions include embedding entangled photon channels and developing logic gates directly within the hybrid structure.
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