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Optimization of Single Molecules Axial Location Precision in 3D
Stochastic Optical Reconstruction Microscopy
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Abstract: The relationship between the ellipticity of point spread function and the focal length of
cylindrical lens was investigated. Fluorescent inverted microscopey imaging system is based on Olympus
1X-83. With three different focal length, the point spread function with custom built stochastic optical
reconstruction microscopy instruments was measured. A method to evaluate the cylindrical lens was
developed based on linear region and localization error. The results show that linear region of 1pm and
axial localization error of 16 nm can be achieved with correct focal length. As the demonstration, three
dimension super-resolution image of Actin filaments was reconstructed.
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Fig. 2 The images of Fluorescent beads using different CL.
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Fig. 3 Calibration curves of different CL
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Fig. 4 Curve of Standard Deviation as a function of Z range

M= (&), i LK Jhr e h 2 ek Kk — 2,0 =]
W RER o pSize Sy EM-CCD 45 8418 58 R, & 4
SE N 80 nm. FEZ M DX I, AR (KO R 3R 7 1 2 5
TiZ 2ENF = bR RO R R R R 5 A S )
POAE RERR 22, 38 1 O — b A5 BB AT 3% B8 b il 4k i £k 1k
0 ] S AR 230 BN YRR K

[w, ,(z,) —w, ,(—z) | XpSize
2z,

1 ZEREEERZEXIERAR
Table 1

K— (®)

Linear range and Slope of images in Fig. 3

Focal length/mm 250 500 1000
K 1. 566 0. 841 0.446
Linear range /nm —180~180 —500~500 —500~500
i G Stk X RN S, BB 250 mm 19 15 A2 ih 4R
2 DX A AR AR B R, 500 mm JE H, 1000 mm fig /). 5
2R 2R M X B, B8 B 250 mm AR SE ik (8 3 (a)) 7E
—180 nm~180 nm Z [A] . #if 4 1 2k 1 7% 1k . Bl ) 73 B
R RE G 2 Ah o i 2k AR vk AR Al L b i il
FE b 1) 78 07 WA, FEHE 500 mm A 7 85 A0 bR GE R £k
(A 3(b) T 7R )HE —500 nm~500 nm 2 [a] & 2 484k ,
LA E AR 1 o, [R5 BEORS BE 4R . &1 3 (o)
Tl 000 mm 7 B bR e M 2 4 M B R (H & PR IX
BREER N Bl G R TR B A A AN BUER  J3 HEORG B
ik 22 K.
R 2 AR E M 2 A 1Y 5k 22 7 75 (Residual
Sum of Squares, RSS) Fl#5 #f 22 (Standard Deviation,
SD) K #14 ¢ B (Coefficient of Determination, R*).

2 NMEREZUEREFTFN REERBERE
Table 2 RSS. SD and R? of images in Fig. 3

Focal length/mm 250 500 1000
RSS /pixel 7.453 0.173 0.217
SD /pixel 0.553 0.061 0. 066
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Fig. 5 Probability density function of Z-positon
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(a) Super-resolution reconstrction of Actin filament
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(b) The conventional widefield epifluorescence image(left) and
the 3D-STORM image(right) by the blue box in (a)
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(c) The x-y and x-z cross section of a Actin filament
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(d) Intensity profile of the Actin filament cross-section in (c)
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Fig. 6 Three-dimensional STORM imaging of Actin filament
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