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Abstract

As the fundamental unit of life activities, the real-time observation of live cells facilitates the inves-
tigation of their intricate structures and dynamic processes under conditions closer to physiological
states, thereby advancing our understanding of life’s essence. Over the past three decades, advance-

XEGH: 7, WL H TR RAR R 2 P B 5 5 N )], W B4 3t i, 2025, 14(2): 137-151.
DOI: 10.12677/japc.2025.142013


https://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2025.142013
https://doi.org/10.12677/japc.2025.142013
https://www.hanspub.org/

JAa], e

ments in super-resolution microscopy (SRM) and related technologies have enabled the observa-
tion and study of live cells at scales surpassing the diffraction limit. However, the initial application
of these techniques in live-cell imaging faced significant challenges. With subsequent advancements
in fluorescent dyes and other ancillary technologies, SRM has become increasingly applied in live-
cell imaging. This review provides a concise introduction to the principles and characteristics of
several widely used SRM techniques, as well as emerging methodologies such as minimal photon
flux (MINFLUX) microscopy, which has garnered substantial attention in recent years. Additionally,
we summarize their latest applications and breakthroughs in the field of live-cell imaging.
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1. 518

AR AR AR B AR G5 1 S ThRE S e, HA RS ASs f . 237 [BIAH ELAE F A shas TRz ALl A 78
SEAR R AU e . IR RN IR RE T, AR 5 00 SR U 8 0 e fek A i 4 e R S X Ak
FOAN PR AE A B A I B AR, XL FRAE A TR RO R R, IS AFERLE O R TR 4 M A B
TR Z4 A EAR FH L[]

J6E WA S S SRR IC A A & I 2 B O BRI AR, T I AR ) i 5 i B T
Ho R0, BT 6% RAEATHWRIAFAE, 5065 BB 7 HRRE 778w B BR 7 e K i —2f
Fr 45 (% 200~300 HK), IR A AR AR T A WA 1R 4R K 85 1 3o A SR A7 I PR R I o RV TT DAASE Pl
% (Electron Microscopy, EM)3RTSZHK 7 HE2 [ S5/ G, (E L P55 (PR il ) 48 R (B A [T e« B K
A A AL ) DL R A R 2 N VE R BELRS T S 4 B AS B% . MILEZ R, ek g AR 1
FLARR NV FI ST LI 3, 5 35 240 FRURE 5 A3 T HH R 8

VAR, R P S5 3R (Super-Resolution Microscopy, SRM)HIHGE K &, AU 1 L4800
ST RE T, BE RN I T AT PR AR A, ST T R R TR R AR . 40 2014 4 DUR
222248 3 S, W, Hell BIBAFE 2017 & F I MINFLUX SMEAR OB 62 B M0 MR T B35 1 99K
7K [2]. SRM [ Ji d 25 355 1 491 50 2 0 20 NSRS A 45 A R sh A i AR BB ATT e 0, AR e B 2200t 5
S TR, T HES) AR dr Rb AN A B AR T AR B .

S ERAR (DY 32 B R DR ZONAEA B . XF LU . S 1A) A R R (] 4 R . XFLLRE . 2 [H) o 2%
ZE AN (6] 73 8 2 2 A BLARAF I —— A Ao B — DRI ) SO R 2 s e HAR P AR 3R . RS MR iE % 7R
BLPR B A G RSB A3 0, T TR B 3G N T B 5 EORE A2 B R ST TE AR [3], RS TE 40 BRAT
ZHAP H] ROS (Reactive Oxygen Species, AR I RARE =Y, S 590N MG SE@BMEY, A
FEARRE A BE R R IBFIN LA P BR B RR A IR 44 b R 36 S AR R ) KT o S P46 22 A 8] 3 B8 - i R
JiT e SR % B A% B SRMY ) 28 80 50 5 1) o

HHATH SRM EZ N = K FEREAR: B—IT R ) 58, RREARSE P e s
2 AR (Super-resolution Structured Illumination Microscopy, SR-SIM); 25 252 3 T 255 B & % (Point
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Spread Function, PSF) 1 #1 R B, fRF B A SE P8 55 #57 #E (stimulated emission depletion, STED) E AR ; 2
=RERET Ry TR, AR AR Z IS € A7 2 7l (Photo-Activation Localization Microscopy,
PALM)FBE ML 2 5 2 & f3 (Stochastic Optical Reconstruction Microscopy, STORM), LA K HH A7 AR fI e/
6T IR (MINFLUX) SRR o A SCHRE IR X ) LA 32 B A R A S AR i S HAE V7% 4 A v ) 82
BERE, IFXT SRM R & J@ a3 S AR A AR I 58 o i B FH A St AT FR 2R
2. B REARMA(SIM)
21 BEFRFEEHR

BBIE RGN R A BT ERAFIIE 512065 R G 3 TR BU(PSF) B RIS HE . SIS A 2
KF, PSFAHY T — M@ JERE RS, L AVHEAE S, Mk 17 &aE . S8, TR e
] S S A A TG PR A, A5 30 RAMUAE R o LA RCR AR FE it P B M5 By, X 5050 # 1
B T S OU WU SR RS 5 R 2 45 ) (B s A 43 ) I E 9T B AR AR JE . SR, 3d I R SR 2 80(Moiré
fringe) FUMES BEMS I FRA T T Wb el iX — BRI P BA ST AR fo A1 fy (0 F8 PR I 28 A= B
I, 2P MR TARAT— N R B R SR R SR R [4] [5]. AR, Hefndrh— NS, 7y
PUIB IS SR R SR RARBO AR H 7 — AN . X — RS0 0 BRI e A 485 ) 5 Rl I 5
IR BUR N RS BRAR Xtk AT B M A7 R B
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Figure 1. Schematic diagram illustrating the imaging principle of
SIM [8] (licensed under CC BY 4.0)
B 1. SIM Bk % RIE R EE[8] (1R #E CC BY 4.0 $K151F )

B R T FOR AR SR A5 4 M2 1960 AEAX Lukosz Al Marchand 55 A [6], AT 52 FR T-A# 44,
HH| 2000 474 H Gustafsson 55 A [7]TE4H 4 1 G i FH 2546 A0 RE BB A 1) o R 3R i — 5 1R D7 7. T
Kl 1 B, SIM R — 250 IE 20K B R AR AR AT IR, AF AT R M R G R R
FE RS 2 254015 S TS BB T R IR X 3. RS 0 5 7 AEAT S 52 B U TR LSS B (R FF AR 1A
YNEE RS BB . )R, B — &% SIM B2 FE R BUX S R R REA(S B [4]. X —a1
BEIEAM R 1 A& G062 WA 1) 7 P28 IR, 38 0% 20 B AR Fe e it 1B AR F B

22. fEEHRRGPHAEARSEA
SERE R AR (SIMPE TS A0 M k(G b R B AR 34 . 8%, SIM A 75 2414 9 5K (2D-SIM) ¢
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15 5K (3D-SIM)EA AN [FI AL FE % £ F5E 1) 45 61 HE B 11 5 37 IS R o] 6 At — 8 7 FR MR [9] [10], 5
R 2 A T WO R A B S 1 8 AL R 7 PR BORAR L, SRARIT [AITE A, 3 R A5 AR O] B s D I
W7, hAh, SIM BARAIER G HR[11] (1~ 10 Wiem?) LA 538 H ¢ ehric 77 Z R, il
SR F B PERAE AR BOE A TR SR TR, R B RN RS2 B s G E R 2 —[12].

S SIM FHARRA BT G BRI PR, SRR 1] 2 R B i AR S O AR Y 2 £5(£9°4 100
nm) [13]. {E T IERBE @I 28 0 38, W78 080t 2 AR cldh B 42 7 vk gE. 0, @it Al A
22 1B ) 253 (SL M) B8 7 ok 52 (DMID) S 3 HE AR Q) v D038, i v RUMBCR BRI 32, SR ARZR I 450
HROI R AR [14] VL K TT R 2 P MG B L [4] . BRAMREE S ST ST T SIM RS, BEmipE % T
Jetnts, FERAEREHE— BRI PR, filtn, 2021 4E, Qiao 5 A[15] [16]3ET GAN MZELEK), AL T
— Pl 5 7 4% (caGAN)HEAT 3D-SIM FE &, 7 H 2 U o PR N 2o s oL~ KT B Eg
BH BAREUESE SIM ) 1/7.5, SO6THEKH] 1/15. 2023 45, Wang 25 A\ 171 K40 F g A 7Y 5 s i
ARy (Total Deep Variation, TDV) IEMIACAHSE &, $2&H —FRA & 5 5L (TDV-SIM),  FHEREE 22 2T 1 )7 1540
il 7 SIM 7 A BRACAT 6 LU 1 B P2 A I D5 o IR BEROR D AR = T SIM (73 [ P, I6 W3R
FHTRBIEEE, FEAR 7GR, fEHAEVE MR IR U RS ).

Figure 2. Visualization of organelle interactions through synchronized dual-color imaging using 4Pi-SIM [22] (li-
censed under CC BY 4.0)
& 2. 4Pi-SIM @I R E W & G AT L LR =R A EEM[22] (R#E CC BY 4.0 3R1F1FH)

FERRR T, 2009 47, Peter Kner 5 N7 1 HJT ) 2D-SIM RENE LA 11 Hz (3 R A 41E A
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#5100 nm 2 HEREHAEIG, RS0 B RIE S2 40 T N B AR IR Eh & A B et AR AT
£ 100 /NS [ 557 (6 SE A B A% [18] . 2011 4F Lin Shao %5 MK 3D-SIM R TG 40 e (%, 528 7 120 nm £
IF] 73 F2EH 360 nm il r] 43 3 26 DL SGER I 50 AN B[] A R T 4 [19] « 2015 4, Dong Li & A\ id i {8 A 5
AABOE I AEZ M SIM (PA NL-SIM), fENEFDZRAERT (B N SEHL T COS-7 74l 62 nm 43 #2324 50 4~
N [A] £ PR SE B SR [20] - 2018 4, Dong Li 58 AFF R 138 8 B4 NG 45 A I BH 38 (GI-SIM), #1 & T SIM
(T RRIREE , A FC R X 20 P (1 22 Foh A PR 283047 d%,  7E COS-7 iR AN sl T 97 nm 43 3 2 Al 266
MTRD (1) SR i AR BT AN T 5 (KR R A% [ 2]« BBk, n &) 2 BEoR T DK 24 227Kk B 1 BA T 2024
12 AR I API-SIM [22]18AK, @i 3D-SIM 5T BMARLE &, 8 BA AR A 5] N385
SIS AR =4 5] [F) P 100 nm ZrFEER AR, I SCREK IR 5~7 /NS (500~600 AN B[R] A1) FR) S s UL
FRE [FD A% . % ARFIH StayGold K F ARG A s e fe e v, 7RI T3 RIER
TR RAEAT e sh A IB R, HURLRREEI (R 2058 5~7 /NI, FERRIOAEAT P I (ER) 5 U SR AN U 2% F — 4
A PR AR S, o T B R LIBNANE] . 1E 2(A) 55 2(E) R T ER (4L )53 il 5 2kt
PR (G E) RIS (SR ) R R RO B, R R R E RIS i . ] 2(B~D)idt— 7R T ER 54k
22 TR YA KA AT 55 (B Sk BT 7R) LR R il (141 2(C)) 5 73 (] 2(D)) i AR M sh A4k« ] 2(F~H)
W 2T ER HRUETE =42 0 N B L e b 450 (K 2(F)) & FL [R5 12 sl s (8 Sk BT N Bk X 3),  ow
P A RS A R T B B EAT . EEBIR: 18 2(A) 5 Bl 2(E) 9 2 um, [&] 2(B~D) & & 2(F~H) N
1um.

B SIM BB A R IR 5E3E, BHEZATARHUE K w2 9 PR B R S, 2 Hif
(10 87 FH T 35 400 B A 2 A AT

3. RHLSHRFERMA(STED)
31 EXFREBSRS

8%

Raw CLSM Image

4

Stimulated depletion

Excitation
PSF = . '3

~220 nm
STED
PSF '
Effective PSF =i «= STED Image
~50 nm i '

Figure 3. Schematic diagram illustrating the imaging principle
of STED [8] (licensed under CC BY 4.0)
[ 3. STED MRk & [RIBREE[8] (#R#E CCBY 4.0 3R {FiFH)

Scanning with the effective PSF

1994 4F, Stefan Hell Zi3% % NJF K 1 STED B/i#%[23], T 1999 AT 1 5256 Er[24], H7E 2014
SERIF R STED ZANBE M SRAGH VURMES . Wil 3 fras, STED KW SO FIRS B REF, — AR
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TR ARG PO 1, AR SRR A O TERIE E RS, 1 — Aot ®E
R TEARFECCEFFR Y “RITATIE " W), 7EBADZRIN A RBE N, 4 3 BB Zr (BT A0 KB ' i A X 42R)
b T ORS00y T8 I 32 R S B FE IR [ R AR [25], AT A6 58 LB H O AR /N 1) IX SR (R TR AR AR 6 Rt
SRIETY 0 X)) ARG, R AOGIX IR BIAEATHR BRBR LAR , JFalad s 4508 1) 7 S SE L 70 9 B
H T IR T ARAE G R A A W 20 A 38 B R 4 T A STED (1 [ o R A 0N
et
2NAJL+ 11,

H, d ARG DPER, ANBEEEK, NA NRGEMEEILE, TR TEBFE 0 R 5
TR S, P LU AR XS Th2 . BT A RE 6 (1 00 SR il ) 256 DA R0 T IR 6 2 RE i)
STED /¥ )oct, R mARXS TR RENS 5 38T STED RIME R 4 R, TA B3z AT S Al PR 107K 7 Ok
L) JLHAK), B 2000 R 1 3 e AR, B REHE 4H R e B RGOS, BA R I B o
FCEEIS, AFT STED RS8N T 640 it «

N1 R IX PR, BTN R EAETE RB B OO CIRE M RE TRAGIRFE 6 D3 S L R v A5 0
8, DIATECRIE 20 1 20 10 [ B PR Vi A0 B 1 e 040 o X BB R SO 2 35 32 7 STED 7E7 40 Bl if%
R 7T

32 HEEMBEAETHEZRSNA

NIRRT STED EAMRAEIG AN ARG o & A, W 7e 8 E BN . Sk BG RO LR EH T &
EATT AT HEOR R, I T2 AR R Z E Y, FUACE Y — T2 2017 4 Stefan W.
Hell HAB\E R T —Fh3E T & N BB 3 % STED 44 (Dynamic Intensity Minimum STED, DyMIN
STED) [26], Hiz.CoAMRAR B B 1) RS MAHES A 5 STED FFE G R A GE By | 4
STED 45 AEHUT AL B9 52 0 7 I, AR Y 28 9 [ 20 19 K sl ot B2 1K) STED BT, AT
SIHRERIEAT AR, D IS B DX R 3 RO TE FERTR I A R R AR T . A L AR P AR
%A ~, DYMIN-STED ml#4 494X 3 1) STED Je7 & [FK 2 18~20 %, X TR ELR 2D 1 3D F4i4,
AIPEAICZ 1A 100 fiF, FERTSEINZ) 30 nm [ 70 AR . BLAh, IR 152001 STED [k @k 3] 1
HENEH . 2020 45, FACHrEh3E TR F R Li [27]158 N G- FEXT 51 45 (DAN-based), X AR 73 3 % B4
R B BEAT VR, IR OO B 1 2 R S, ATfE 60 nm 2 HEEE ) STED G271 % 30 nm.
2023 4, [ Ebrahimi 5¢ A[28]4F % [ Boifi it E{5 % 2 (MPRNet) ) 77 T STED o, JF45 &4 T U-
Net %% 72 18 38 v & 7 0 25 (RCAN) ZEAEREAT: it 1) R It Ta) /N B J5R 1Y) 3.125%, R 2 KITR 42 7+

FHEE T MAEAFFI VLA S A STED, BB 98 JeAREF T RN HEZN STED  FAVE 4H fd B £ 3 e U B2
B, S AR T S ST RN [12] 0 4T T STED 34 M AR I 2GR ET 2250 AN
Jukl, 2O B MU CGIRIRE[29]. AL GGkl B B e Ra e A AR VI3 1%, B H FTIA L
PICHRIF LD, RZ M ZRLAR: SOGE ARy —Fh ) 38 i Jik (8] g i AT ) 2 1 — R RaX [ 9k
PREF, ATESMRIC, TEIEA0 RGN Bz, AR ZERGE AR AR M T K R
UM AR RICHIRIRET W R AR E PRI/ (1) 52 0 o Dh 28 A H B R (A0 35, (R e 1k Z2 O R
FEAPR T H 2 R o SR DCIRET 3L [F] K e e gk 1 STED 7E3% 20 B % K - 2013 4F Grazvydas
Lukinavi¢ius FBAJT & L 2 P (Silicon-Rhodamine, SiR) 4ett B A LR A% & X [30]. ‘B 25— LU F
STED @ #Eaifs, HEAREH R ok e M ar Fn A Mo s i v s 1 2 e 4ekt[29] . 2016 4F, Francesca
Bottanelli FIFAFF & 7 2T SiR 1 ATTO590 ) Halo/SNAP XU bRt RSG5, RIhSZHL T L4bifhk. Py 2%
P28 STED VWA G, FEUL 2 FPIA] 43 H R i 4 R K IE 3 43481 [31]. 2019 45, Chenguang Wang

)
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HI\ I iE 7 BA K64 1) MitoPB Yellow #%t, &It STED 7£ 60 nm 733 26 T M %2 2135 41 o 2k
FLAAR I (P E S5 R4 [29] [32]. 2020 4F, Xusan Yang HIBAJT & 1) Mito ESq-635 R4 SEHL T Hela 4 g £ i
PR 35.2 nm 2p#Ege. 50 M EhRUAERT SR, TE MR EE T AR R A R RAR I FR I R B A AR AK[33].
2022 4F, Tianyan Liu % \fiRi& | —#f 55 STED St I 4okiih W ISR E%) PK Mito Orange (PKMO),
FURF AU IE I AR 0 6 1 1B PR, 1B 5 S (RN 4T A0 [ 25 [34] - tn Pl 4 BT, 1% BARI T PKMO
SCHL T HeLa A1 COS-7 4Hffarh & hitk Z At H) 2 (4 STED g, GIEERENE(IM) S Sk DNA
(MtDNA). FME(OM). IEIZEH(CIs). W PI(ER) XL, L& IM 5205 . mtDNA 1) =%,
743 FEIR T PKMO 7E 2 t4, STED W 20 i i 4% 1 i FH V& 7

A B

(4-;%%gl.ichx) Sl ERLAT DR Con)

mtDNA

(PicoGreen)
Halo+

[e]
‘OM20-| SiR)

IM (STED) / OM (STED)

3D STED (raw) 176 sec

IM (sTED)/ Tubulin (STED) / mtDNA (conf) IM (sTED) / ER (STED)

v

%
\

. l

Figure 4. PKMO, in combination with fluorescent rhodamine probes, enables nanoscale mapping of mitochondria and analysis
of mitochondria-organelle interactions using multicolor STED [34] (licensed under CC BY 4.0), (A) Multicolor labeling strat-
egy for mitochondria. (B~G) Multicolor live-cell STED nanoscopy imaging: IM (green)/mtDNA (red), IM (green)/OM (red),
IM (green)/CJs (red), IM (green)/OM (red), IM (green)/Tubulin (blue)/mtDNA (red), and IM (green)/ER (red). (Scale bar: 2
um)

[ 4. PKMO 5% T AIRIREHELE S, REBFER S G STED R ERBEIT LRI R I TR F1 S LKL - 40AR
FRMEEER([34] (1R#E CC BY 4.0 RBFW), (ALK Z BIFCKEE, (B~C)ZEFEMA STED HHKME. IM
(42)/MtDNA (£I)+ IM (£2)/OM (£I). IM (£8)/CIs (£I). IM (£2)/OM (£I). IM (£8)/Tubulin (85)/mtDNA (£I). IM (4R)/ER
(£1) (EEBIR, 2um)
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4 B FEMEMAGSMLM)
41 BEXFRBSARBRE

B PRI BE BN TAT AR R RO 5 A PR T 10 1 75 sK—— AF ] B2 SRAF X PR R] 7 55
B LT IR R R R 65 T Ie TP e il 5 FR, 2060 FRIERIEES( “IF” {)FIERS
(R AR) IR AT M (TN K)o 3883 A e F1) 80 R S B A A PR B AR IE 2 0 231 IR TR LB T % A
PRI 26 [35], B DR 5] — B 8] A ASCE A3 23 T4 T ROGIRES A R d s o Lo e 87 SV A v 4D 0732 [36]
S BT TRORAALE, &5, INFTA IR 800 E NI RS — ek #EER, X
i e ) SR A OE 1Y (A DS

X—H AR ML AARER S Xiaowei Zhuang B BAF 2006 =42 Hi I BE HL Y 2 5 2 5 73445 (Stochastic Optical
Reconstruction Microscopy, STORM) [37]H1 Eric Betzig %5 A 7E [R5 B 7 1 )6 IS 52 7 2 1B (photoactivated
Localization Microscopy, PALM) [38], JF{iH 73 #E s A% 3k AR 7] 20 952 20 nm, DA 2098 50 nm B4R
P IUE A AR SR AL, =X AE T PALM £ AR FH ¢ 85 [ (Photo Activated Green Fluorescent Pro-
tein, PA-GFP) B G H0E RN SEHLIT O, 1 STORM BOARFIHI 9 R BT (75 9t Gkbxt, Cy3~Cyb)Fl 4
REPEHARATIR L, PALM BoARE S 40 5 & Rk 7% et A n 7 S AT g, TR BE & A F TV 4
AR A R 2 FE R [12]

Stochastic activation and localization Reconstructed super-resolution
image

Figure 5. Schematic diagram illustrating the imaging principle of SMLM
5. SMLM MR 1% R IR E

(A)
2D-MINFLUX Recentering Recentering .
imaging » J— _...g>
T \\\ // \\\ Vs RN m -
! / \ TN
L ) O o ¢ ‘0
/ AN \ ‘ / N / N ¥ Nav
/ \ \ 7 N / ~—
\ / T
\ /
\ /
\‘ 7/
Pre Intermediate Final .
Times
3D-MINFLUX 2D-MINFLUX
(B) imaging (C) e tracking
4 \
/ \ P

A
%

(]
N

Figure 6. Localization principle and application modes of MINFLUX [40]
B 6. MINFLUX H97E 3L R 38 B Rz A 18 [40]
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HAERE R, 2017 Hell BB KA I 5 K6 738 & B4R (Minimal Photon Fluxes, MINFLUX) ¥t 2
B PR L) 1 nm JKF[2], BN SMLM i A& . % 6 Fiax, MINFLUX B85 STORM
T PALM —BEFI FH 5% 6 A1 1) BEALIT S SE Lo TR AR, H I A7 SR B0 55 4% G 77 V2 A X il
ANEFHAT 02 AL, MINFLUX SKH 7 2R0UT STED (3R EEBE, (HIEIIREAE THFE, 280K -
HAEL T, UHTEEAOER I O F SETHOSHER T, T4 SRS A SR B 430
TEBCR R O S AU TAL B, 3% BRSO (R G TRARAK), USRI T Bk
A, PEARRSOCAUAIL T RO ER R, B A KRBT 5 B0 A AR B 1E B 2]
bR b, FOET VAR R 0B 5 E i A B AVCEC T ZAT AR, XM RN, 58 AL TR
(7 e F it X A 77 30 DU 6T H0 mT LASRAG AR s 10 s A B, A B AR T FE S R T
FIRUN[39],  TEIE 4 i A5 AUk e 3 H I 35 35

4.2. EERBRBRGTFHNERS N

SMLM IZ iR EiAE 5 A AR WS DL A SR 1) 5 o 5 A 5 7 SAE 2 A AE AR I [R] 43 HE 2 AIC AT 58 55
PESE AR, TR T AR AR SR AR 0 IR EE, 456 B e A0 J7 FURRHE 1 SMLM 18 775 48 M i 1)
A

ST, SR DL A B A RO A[4L) R A[36] B MR TI42]55, ARIMIX LTy
EEEH T 75 BRI EE, BTPRAK, 1& T 820 1% FE 10 8 60 5002 T AR X — PR
2012 4, Zhu %5 N[431F K 0 48 I8 i 67 50925 S0 VR A0 10 5 ' [ 255 155 LA 495 1) B 00100 45 D VR P e Ak
RS m— RS, R R TE AN R I R SEIL T 3 s (169 M) IBNAS RS . IR, IR
SR K SMLM (R FEFT 8 T — AN . 2018 4E, Nehme %5 A[44]142H T DeepSTORM ik, #
R IR S S 5l Ny e A, LL 10 Hz FARERAE 50 F0 PN I8 B 1 35 /0 SRV G A 4 40 i
(MEF)h 48 AN Bk, ot 5t Hah AT 34t 73 A - 14k, Thunder STORM [45]. DECODE [46].
ANNA-PALM [47]5HERIAWT R R, #E—P38F 7 SMLM 7535 40 i sof% e 1 A

POCRE T, FIRTTISE R —FE, W AN GEL, G E R DRI IRE, (HEET R
BIREEAE, SMLM FIF i 1058 SR ET W KR, o 2 b DL ARG IR B B MR B R o B FE )4
HRPIEYRL Cy5 5 Cy3 Hl Alexa 647 547154 5 T H OB A A BRI SR L2 vl (0 p-3i 2k &
. MEA)UL K55 22, 75 B8] 52 ) 1 B AL #E (40 Triton X-100) 5 fé, AR FiEdn i pids . Kk, Hr
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Figure 7. MINFLUX tracking of kinesin-1 movement in live cells [52] (licensed under CC BY 4.0), (A~D) Live-cell tracking
of full-length kinesin-1 (Halo-JF646); (E~J) Live-cell tracking of truncated kinesin-1 (Halo-K560); (K~M) Tracking of trun-
cated kinesin-1 (Halo-K560) in untreated live primary mouse cortical neurons
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Figure 8. MINFLUX nanoscopy delivers 3D multicolor nanometer resolution in cells, (A~E) Principle of 3D localization and
localization precision of MINFLUX; (F~G) 3D imaging of the postsynaptic protein PSD-95; (H) 3D dual-color imaging of
nuclear pores in U-2 OS cells: Nup96-SNAP (green)/NPC (red) (reproduced with permission from Springer Nature)
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Table 1. Key advantages and disadvantages of different techniques [54] [55]
= 1. PRIBRARMEZEMERS[54] [55]

SMLM
Super-resolution Method SIM STED
STORM PALM DNA-PAINT MINFLUX
Lateral resolution/nm 50~100 40~110 10~30 10~30 10~30 1~-3
Axial resolution/nm 250~350 Down to 40 Down to 10 ~10 ~80 1~-3
Acquisition Seconds Seconds Minutes Minutes  Minutes-hours ~ Minutes-hours
Live cell imaging Yes Yes No Yes Yes Yes
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PRI RE: SIM AR5 s TR) 20 R RV G 35 1 oA 0 9K R AR BT 3k, (E L 1 2 1) 3 S PR ) 17
HAETE /N RERF T R s STED ELAR A 15w 14 23 IR 1] 43 328 DLRORE SR ET 1 m e 25k, (H i
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