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Abstract: Single-molecule imaging is widely used for reconstruction of three-dimensional subcellular structure. The point spread
function is an important window to analyze the information of single molecule. Besides 3D coordinates, it also contains abundant
additional information. In this paper, we reviewed the recent progress of multi-dimensional single-molecule imaging, including spatial

location, fluorescence wavelength, dipole orientation and interference phase, etc. We also briefly introduced the latest methods for

molecule localization and discussed the further directions.

Key words: super-resolution; Single molecule localization microscopy; Multi-dimensional imaging; Point spread function

1 515

= BAEAE 9 N BFH AL AT AR R
THOSE TIRANDIE, BE=ZH 290, 51308
SO B R, XY shPan e UL K AR AT
WML, UEB T RAEIAFAE, BT 7 A B /N AL
AR 2D . B A RLEER I R B DL AR, 19
TH 20 RS2 SR LR R IR 1) S BB ) A AR BRAS T
BB RIS 52 RGN SRS R G TE %
(PIBELIRAT, X FPEBEE AR N BT (Airy Disk). Bl
i 2 TE PR/ A YRGB B 5 B R AR A R K
AN SE LB, AN s OGRS A PR B A Rk e
15T o XA HI I 7 v AR A B R 040, 76 v 0
S ] PN I AR 1 20 B RE 714978 200nm.

TR B 5 ¢ 6 0 1 TF SR AIE FC I A W 2t g R
FEI I BARIE AP R 22 AR R, CE I T Bk
e85 TS ' 7 S0 i PRk 21 5 20 HE R S 1 T i £
FRAEF IR B A (SIM) 21 238 5 S5 RE S5 4k
B (STED) BS, DL HoF A BisE (SMLM)
(6111, Horp i) B T B AL S U T AN T A ROk
PR TH LA AE = R B o FRRE 02

IS EE: xxxxxx—xx; EITHHER: xxxx—xx—xx
WA

F T 40 2% DA B R S5 A It e

G AR AE XS H BRI BB B AR A
SRR BEE R, 752 BIWUR B B0 T RN RO
SEUSGATT 739 LLanZeRifk a3 LA A% AL
HEAFYORREE TS, 7255 G BORAE .
B TE  S A U O AN RS UK
B> TR CIRET RIS 8] A R A TR, ORAEARATL AR A —
TS e R E B A /> B PR 2 6 s Rl T BELAL
B, TR WA L TR R, X E B
PAHEE—NEBER L, REREESPHRE.

TG RGN FR N SRR L (PSP,
FLTRAS G2 2 G0 R ) R0 RO 5 B A B S R
BEUNAE I IR N AR B S A fmas . AHOZAR LA & B &
RS A, X RUGYRA B (R I 5 R 1)
RO FHEME. RSS2 PSF R
A (B L. Bk, AR BB A o B H R
oy ¥ R E R Bt B0 T BT RO
AP S B gAG it PSF AR s Bk S TR
(PSF Engineering) J& 7 #4170 A

H TN ML LK, LT Y2 1 PSF



2

# o

p
&

TR ST, MIZHT B T REESE S8 P TOL RGBT, BAE=4E B R

b 3RAT SRS 1 45 U B BE A [R] I R 2 A AE S
PSF #tit. ASCKIERZ YR PSF TRHAR, +
SOMEE T H AT 2 4E Ry BT R A L T LR

Orientation

Position+

KRS AB T 510 55 R (a7 5 4 T o 15 BRI
Jrie BJARTHE T Z4EER) PSF TRE H ATLE B
BAHIIRER A, FERTHAEARORI R AT R 2

4P1-PSF

Lifetime

9

Wavelength

B 1R THSEFEENZHEER.

Fig.1 Single molecule contains rich multidimensional information.
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Fig. 2 Two-dimensional localization of single molecule (161, (A) In the acquisition step, sparsely distributed single molecule images are
recorded. (B) In the analysis step, the two-dimensional coordinates of the single molecules are precisely localized in each frame and
then accumulated to reconstruct the super-resolution image.
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Fig. 3 Changes of each PSF at different axial positions. (A) The standard PSF is symmetry with respect to focus. (B) Astigmatism PSF.
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modulation.
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Fig. 5 Simultaneous measurement of emission wavelength and 3D position of single molecules?. (A) Optical path design with
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Fig. 7 Localization deviation caused by dipole direction*€l. (A) PSF xz section of single molecule with rotation angle, polar angle and
azimuth angle of 15< 45<and 0 “respectively, xy section on the right, and its localization deviation. (B) PSF with the same polar
angle and azimuth angle as (A) and rotation angle of 60< (C) and (D) are lateral offset generated by different rotation angles and polar
angles, respectively. (E) The physical meaning of rotation angle, polar angle and azimuth angle of the dipole.
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Fig. 8 Dipole orientation localization method based on double helix PSF®%. (A) Optical path layout. (B) and (C) are imaging channels
with two polarization directions respectively, and their pupil functions are (i) and (ii) respectively. (D) The upper and lower figures
are PSF of horizontal and vertical channels respectively. (E) and (F) are LA and LD indicators respectively. There are four possible
orientations when only the LA indicator is considered. Red and blue represent LD indexes of transmission channel and reflection
channel respectively.
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