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[image: ]Supplementary Fig. 1| Point spread function under different off/on ratio of the fluorescent probe.


[bookmark: _Hlk73438796] Supplementary Fig. 2| Dye distribution on rectangle origami. The green spots indicate the fluorescent dye. 
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Supplementary Fig. 3| a, b, c, Large field of view imaged by confocal microscope (a), nSSM (b) and the overlay of them (c) on the same region. The square box with different color indicated the nSSM imaging performance which cannot be distinguished by confocal microscope.
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Supplementary Fig. 4| nSSM image on commercialize Alexa 405 immunostained microtubule. a, b, Microtubule image acquired by confocal (a) and nSSM (b). c, d, Zoom in the region of interest from the white box in (a) and (b). e, Intensity profile of the confocal and nSSM though the green line in (c) and (d).
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Supplementary Fig. 5| nSSM image on commercialize Atto 488 immunostained microtubule. a, b, Microtubule labelled by Atto 488 and imaging by confocal (a) and nSSM (b). c, d, Zoom in from (a) and (b). 

[image: ]Supplementary Fig. 6| Dronpa excitation model of the switch on and off. a, Dronpa transform process from bright state to dark state under the illumination of 488 nm. b, Dronpa transform process from dark state to bright state under the illumination of 405 nm. 

Dronpa protein is a photon-reversible protein and the photon physical procedure can be splited as the photon switch-on procedure and the photon switch-off procedure. Based on the experimental summative model of the dronpa proposed by Johan Hofkens1, we transform the photon physical model to Jablonski diagram with the photon switch-off and photon switch-on procedures (Supplementary Fig. 6). In this photon reversible model, different energy levels indicate different state of the droppa. Similar with the photon physical procedure of organic dye, dronpa protein has two state, the bright state and the dark state. In this model the dark state has two forms, the anionic form (B) and the excited anionic form (B*). The dark state also has two states, the nonfluorescent state (A2) and metastable state (D). In the photon switch-off procedure, dronpa at the anionic form absorbs the photon at the wavelength of 488 nm and transits to the excited state. The excited dronpa transits to the ground state and emits a fluorescence photon or transits to dark state. In the procedure of switch-on, the nonfluorescent state absorbs the photon at the wavelength of 405 nm and then transits to the excited nonfluorescent state form . The excited-state proton transfer (ESPT) proceeds the  state to the nonfluorescent intermediate (I), and transforms to bright state.

Supplementary Table
Sequences of DNA strand replacement the rectangle origami as indicated in supplementary Fig. 2
	36-A
	GCCCAATACCGAGGAAACGCAATAGGTTTACCAAAAAACAGGACCAGAAAAAA

	38-A
	TATTTTGCTCCCAATCCAAATAAGTGAGTTAAAAAAAACAGGACCAGAAAAAA

	40-A
	TAAGTCCTACCAAGTACCGCACTCTTAGTTGCAAAAAACAGGACCAGAAAAAA

	42-A
	AGGCGTTACAGTAGGGCTTAATTGACAATAGAAAAAAACAGGACCAGAAAAAA

	44-A
	CTGTAAATCATAGGTCTGAGAGACGATAAATAAAAAAACAGGACCAGAAAAAA

	46-A
	ACAGAAATCTTTGAATACCAAGTTCCTTGCTTAAAAAACAGGACCAGAAAAAA

	48-A
	AGATTAGATTTAAAAGTTTGAGTACACGTAAAAAAAAACAGGACCAGAAAAAA

	33-A
	GACTTGAGAGACAAAAGGGCGACAAGTTACCAAAAAAACAGGACCAGAAAAAA

	35-A
	GAAGGAAAATAAGAGCAAGAAACAACAGCCATAAAAAACAGGACCAGAAAAAA

	37-A
	ATTATTTAACCCAGCTACAATTTTCAAGAACGAAAAAACAGGACCAGAAAAAA

	39-A
	GGTATTAAGAACAAGAAAAATAATTAAAGCCAAAAAAACAGGACCAGAAAAAA

	41-A
	ACGCTCAAAATAAGAATAAACACCGTGAATTTAAAAAACAGGACCAGAAAAAA

	43-A
	ATCAAAATCGTCGCTATTAATTAACGGATTCGAAAAAACAGGACCAGAAAAAA

	45-A
	CCTGATTGAAAGAAATTGCGTAGACCCGAACGAAAAAACAGGACCAGAAAAAA

	10-A
	GCAATAGCGCAGATAGCCGAACAATTCAACCGAAAAAACAGGACCAGAAAAAA

	12-A
	TCTTACCAGCCAGTTACAAAATAAATGAAATAAAAAAACAGGACCAGAAAAAA

	14-A
	CTAATTTATCTTTCCTTATCATTCATCCTGAAAAAAAACAGGACCAGAAAAAA

	17-A
	AATTACTACAAATTCTTACCAGTAATCCCATCAAAAAACAGGACCAGAAAAAA

	19-A
	TAGAATCCCTGAGAAGAGTCAATAGGAATCATAAAAAACAGGACCAGAAAAAA

	21-A
	TTTAACGTTCGGGAGAAACAATAATTTTCCCTAAAAAACAGGACCAGAAAAAA

	23-A
	GGATTTAGCGTATTAAATCCTTTGTTTTCAGGAAAAAACAGGACCAGAAAAAA

	9-A
	AAAAGTAATATCTTACCGAAGCCCTTCCAGAGAAAAAACAGGACCAGAAAAAA

	11-A
	CCTAATTTACGCTAACGAGCGTCTAATCAATAAAAAAACAGGACCAGAAAAAA

	13-A
	ATCGGCTGCGAGCATGTAGAAACCTATCATATAAAAAACAGGACCAGAAAAAA

	15-A
	GCGTTATAGAAAAAGCCTGTTTAGAAGGCCGGAAAAAACAGGACCAGAAAAAA

	18-A
	TTAAGACGTTGAAAACATAGCGATAACAGTACAAAAAACAGGACCAGAAAAAA

	20-A
	CTTTTACACAGATGAATATACAGTAAACAATTAAAAAACAGGACCAGAAAAAA

	123-A
	TTTTAATTGCCCGAAAGACTTCAAAACACTATAAAAAACAGGACCAGAAAAAA

	121-A
	TTTCATTTGGTCAATAACCTGTTTATATCGCGAAAAAACAGGACCAGAAAAAA

	119-A
	AGACAGTCATTCAAAAGGGTGAGAAGCTATATAAAAAACAGGACCAGAAAAAA

	116-A
	TTCGCCATTGCCGGAAACCAGGCATTAAATCAAAAAAACAGGACCAGAAAAAA

	114-A
	GCATAAAGTTCCACACAACATACGAAGCGCCAAAAAAACAGGACCAGAAAAAA

	127-A
	CCAAATCACTTGCCCTGACGAGAACGCCAAAAAAAAAACAGGACCAGAAAAAA

	125-A
	GGAATTACTCGTTTACCAGACGACAAAAGATTAAAAAACAGGACCAGAAAAAA

	124-A
	AAGAGGAACGAGCTTCAAAGCGAAGATACATTAAAAAACAGGACCAGAAAAAA

	122-A
	TCGCAAATGGGGCGCGAGCTGAAATAATGTGTAAAAAACAGGACCAGAAAAAA

	120-A
	AGGTAAAGAAATCACCATCAATATAATATTTTAAAAAACAGGACCAGAAAAAA

	118-A
	GTTAAAATTTTAACCAATAGGAACCCGGCACCAAAAAACAGGACCAGAAAAAA

	117-A
	GCTTCTGGTCAGGCTGCGCAACTGTGTTATCCAAAAAACAGGACCAGAAAAAA

	148-A
	CCAAAATATAATGCAGATACATAAACACCAGAAAAAAACAGGACCAGAAAAAA

	146-A
	GAAGCAAAAAAGCGGATTGCATCAGATAAAAAAAAAAACAGGACCAGAAAAAA

	144-A
	TCAATTCTTTTAGTTTGACCATTACCAGACCGAAAAAACAGGACCAGAAAAAA

	142-A
	ACCGTTCTAAATGCAATGCCTGAGAGGTGGCAAAAAAACAGGACCAGAAAAAA

	140-A
	AAATAATTTTAAATTGTAAACGTTGATATTCAAAAAAACAGGACCAGAAAAAA

	138-A
	GGCGATCGCACTCCAGCCAGCTTTGCCATCAAAAAAAACAGGACCAGAAAAAA

	136-A
	GTGAGCTAGTTTCCTGTGTGAAATTTGGGAAGAAAAAACAGGACCAGAAAAAA

	139-A
	GAAGATCGGTGCGGGCCTCTTCGCAATCATGGAAAAAACAGGACCAGAAAAAA

	141-A
	GCAAATATCGCGTCTGGCCTTCCTGGCCTCAGAAAAAACAGGACCAGAAAAAA

	143-A
	TATATTTTAGCTGATAAATTAATGTTGTATAAAAAAAACAGGACCAGAAAAAA

	145-A
	CGAGTAGAACTAATAGTAGTAGCAAACCCTCAAAAAAACAGGACCAGAAAAAA

	147-A
	TCAGAAGCCTCCAACAGGTCAGGATCTGCGAAAAAAAACAGGACCAGAAAAAA

	149-A
	CATTCAACGCGAGAGGCTTTTGCATATTATAGAAAAAACAGGACCAGAAAAAA

	151-A
	AGTAATCTTAAATTGGGCTTGAGAGAATACCAAAAAAACAGGACCAGAAAAAA

	57-A
	AATCACCAAATAGAAAATTCATATATAACGGAAAAAAACAGGACCAGAAAAAA

	59-A
	ATACCCAAGATAACCCACAAGAATAAACGATTAAAAAACAGGACCAGAAAAAA

	61-A
	TTTTGTTTAAGCCTTAAATCAAGAATCGAGAAAAAAAACAGGACCAGAAAAAA

	63-A
	CAAGCAAGACGCGCCTGTTTATCAAGAATCGCAAAAAACAGGACCAGAAAAAA

	65-A
	CATATTTAGAAATACCGACCGTGTTACCTTTTAAAAAACAGGACCAGAAAAAA

	67-A
	TAACCTCCATATGTGAGTGAATAAACAAAATCAAAAAACAGGACCAGAAAAAA

	69-A
	GCGCAGAGATATCAAAATTATTTGACATTATCAAAAAACAGGACCAGAAAAAA
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