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molecular components such as DNA, proteins, and lipids through bioengineering techniques, and that are capable of
performing functions analogous to those of natural life. They are emerging as a cutting-edge platform for studying the
origin of life and developing intelligent diagnostic and therapeutic devices. A key challenge is the development of
remote, noninvasive control strategies that function with deep tissue penetration. This requirement remains difficult to
satisfy using light or chemical stimuli due to limited penetration depth and pharmacokinetic constraints. A recent study
by Michael J. Booth and co-workers at the University of Oxford addressed this limitation by repurposing clinically
established magnetic hyperthermia. The authors engineered magnetic spherical nucleic acids in which T7 promoter
duplexes are covalently conjugated to superparamagnetic iron oxide nanoparticles. Exposure to clinically relevant
alternating magnetic fields induces localized heating that denatures the duplex, releasing the T7 promoter strand. This
process activates cell-free protein synthesis and cargo release within giant vesicles, even behind opaque barriers. This
comment places this advance within the broader field of physically responsive synthetic cells and critically evaluates
the design principles and intrinsic limitations of magnetic control strategies. Building on our previous work and recent
advances on responsive synthetic cells, we discuss how these systems can transduce external physical stimuli into
defined biochemical outputs. We further highlight key challenges, including thermal safety constraints, long-term
signal stability, reversibility of cargo release, and translational barriers associated with manufacturing, in vivo
robustness, and regulatory approval. We propose that next-generation synthetic cells will require multimodal and
orthogonal regulatory architectures that integrate the deep tissue penetration of magnetic fields with the spatial

precision of light and the adaptability of chemical sensing systems.
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Fig. 1 (a) Fluorescence microscopy images of in situ mNeonGreen expression in synthetic cells activated by an alternating

magnetic field. Scale bar, 20 pm. (b) Schematic illustration of magnetically driven synthetic cells. AMF: alternating magnetic field,

MagSNA: magnetic spherical nucleic acid, TXR: Texas-Red-Dextran, mNG: mNeonGreen, CFPS: cell-free protein synthesis.

Adapted with permission[15]. Copyright 2025, Springer Nature
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