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Table S1 Upstream unit operations and their design rationale
	Step
	Operation
	Rationale

	Reduction
	DTT 50 mM, 1–2 h
	Cleaves the 5′-disulfide to the free thiol; a ~500-fold excess is sufficient while limiting the DTT to be removed

	Purification
	Ethanol precipitation
	Removes DTT completely; dissolving the pellet in a measured volume fixes the aptamer concentration (e.g. 50 µM)

	Buffer discipline
	Water or low-salt media upstream
	Keeps NaCl below the CCC; PBS only after conjugation

	Conjugation
	Freeze at −20 °C for ≥2 h, then slow thaw
	Reagentless, dense loading; no salt, acid or surfactant

	Ratio
	~500:1 aptamer to particle
	Ensures adequate surface protection (raised from ~216:1)

	Quality gate
	Salt-challenge at 500 mM NaCl
	Equipment-free pass/fail before washing



Table S2 Interpretation of the salt-challenge quality gate
	Observation at ~500 mM NaCl
	Interpretation
	Action

	Stays red
	Adequate loading; true conjugate
	Proceed to washing

	Turns purple or blue
	Insufficient loading
	Do not wash; add a freeze–thaw cycle or raise the ratio to 800–1000:1

	Purple pellet after centrifugation
	Pseudo-stable; died on concentration
	Improve loading first; reduce g-force and time; resuspend stepwise
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