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Resolution In Microscopy

How to achieve super resolution?




Confocal Microscopy: 3D images
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Confocal and Widefield Fluorescence Microscopy




RESOLUTION - DIFFRACTION LIMITED

Point Spread Function PSF

Point like source has a size
on the detector

Unresolved
Rayleigh
Criterion

Hayleigh criterion
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Super resolution Microscopy

Multiple techniques:
» SIM (Structured lllumination Microscopy) ~ 100nm

» Airy Scan ~ 100nm

» STED (Stimulated Emission Depletion Microscopy) ~ 60nm
» PALM (Photoactivated Localization Microscopy) ~ 10nm
» STORM (Stochastic Optical Reconstruction Microscopy) ~ 10nm



Airy Scan Microscopy




AIRY SCAN MICROSCOPY

32 GaAsP detectors
concentric with microscope
optical axis

It is like 32 pinholes!

Each dislocated PSF is
calculated back to the optical
axis with better resolution

Incresead resolution




AIRY SCAN MICROSCOPY




AIRY SCAN MICROSCOPY
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AIRY SCAN MICROSCOPY

Regular Resolution

Super Resolution

NHI-3T3 Fibroblasts in culture
Gray — Actin
Magenta — PTK2
Green — Myosin Va
Blue - Nucleus



AIRY SCAN MICROSCOPY

NHI-3T3 Fibroblasts in culture
Gray — Actin
Magenta — PTK2
Green — Myosin Va
Blue - Nucleus




AIRY SCAN MICROSCOPY
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SIM Microscopy




SIM (Structured lllumination Microscopy)

The Process of Image Formation in Fluorescence Microscopy
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MOIRE FRINGES

Pattern created by
interference between
waves with close
frequencies




SIM (Structured lllumination Microscopy)

Resolution Enhancement by Structured lllumination Microscopy

Specimen
\ (b) (2NA/R)

Humination

By illuminating a structure on the sample
we can get information from higher
frequencies!




SIM (Structured lllumination Microscopy)

Visualization of Spatial Information via Moiré Fringes

Figure 6

By illuminating a structure on the sample
we can get information from higher
frequencies!
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SIM

Regular Resolution ot . Super Resolution

Cells treated with DOXO — used in cancer treatment
H9C2 Myocytes in culture
Green — PTK2
Red — yH2AX

Blue - Nucleus



SIM

Regular Resolution Super Resolution

Cells treated with DOXO — used in cancer
treatment
HOC2 Myocytes in culture
Green — PTK2

Red — yH2AX
Blue - Nucleus
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PTK2 and BCLAF1 are near y-H2AX sites
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STORM
PALM




Super-Accuracy:
Nanometer Distances w Single Molecules

FICNA

Fluorescence Imaging with
One Nanometer Accuracy

1.5 nm accuracy Center can be found much
1-500 msec more accurately than width
center

Super-Resqutlon PALM/STORM.
between (activatable) molecules

Betzig, Zhuang Resolved!

Resolved Rayleigh
Criterion @

Axcenter = width /YN
~ 250/N10k = 1.3 nm

- \,\,\ ,_/J e Yildiz et al, Science, 2003




PALM - Photo-activated localization
super-resolution microscopy

=

Objective

Cylindrical IR
Lens

Imaging
Lens

EMCCD

The PALM cycle 3D super-resolution
Huang et al. Science 2008

PALM imaging with 10 ~ 20 nm resolution (localization precision)



Nobel Prize in Chemistry 2014

for the development of super-resolved fluorescence microscopy

Photo: A. Mahmoud Photo: A. Mahmoud Photo: A. Mahmoud
Eric Betzig Stefan W. Hell William E. Moerner
Prize share: 1/3 Prize share: 1/3 Prize share: 1/3
First singl
PALM STED st sihgie
molecule

measurement
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PALM X STORM

The main difference between PALM and STORM is the fluorophores used for the experiment:

PALM: photo switchable/convertible fluorescent proteins (live cell imaging)
STORM: uses organic dyes as fluorescent probes for imaging (longer imaging times)
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E. Betzig et al., "Imaging intracellular fluorescent proteins at nanometer resolution," (in 1
English), Science, Article vol. 313, no. 5793, pp. 1642-1645, Sep 2006, doi: 10.1126/science. e _;/ [/ i
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STORM image N X/ /'
Multicolor Super-Resolution Imaging with Photo-Switchable

Fluorescent Probes
M. Bates, B. Huang, G. T. Dempsey, X. Zhuang

Science 317 1749-1753 (2007)




PALM / STORM




PALM
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STORM

Super Resolution TIRF Image
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STORM

Super Resolution TIRF Image
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STORM

Super Resolution TIRF Image
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Consequences of
Super Resolution




Chromatic Aberration in Microscopy

=T Chromatic aberration

Each color focuses on a different
position because of small differences in
the refractive index

Lateral chromatic aberration is greater
for objectives of short focal length and
can range from 1.1 to 1.9 percent of
the radial distance from the optic axis




Nanoholes to correct chromatic aberration

Red color Green color e L et

+

 Chromatic aberration *
100 nm size nanoholes on silver coated coverslip
Nanoholes place every 1.5 ym

We obtained a mapping function that is
taken by comparing individual dots between
red and green channel

Mapbin Mapping - red and green channel
s (1 ~5 nm error)




SAMPLE DRIFT
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Fig. 1

Citation

Ginni Grover, Wyatt Mohrman, Rafael Piestun, "Real-time adaptive drift correction for super-resolution localization microscopy," Opt. Express 23, 23887-23898 (2015);
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-23-18-23887

Image © 2015 Optical Society of America and may be used for noncommercial purposes only. Report a
copyright concern regarding this image.

The Optical Society



SAMPLE DRIFT - CORRECTION

(a)

1. Dispense

2. Spin coat

3. Soft bake

4. Heat & Pressure

5. Cool & Release

3.2 Drift correction precision 7 = 100 nm step
Linear fit

250

—X,
2004

4 6
z-position (um)

0 200 400 600 800 400 600 800 1000 0 200 400 600 800 1000
Frames Frames Frames

0,=1.58nm 0,=1.34nm 7,=5.90nm

Yeoan Youn, Yuji Ishitsuka, Chaoyi Jin, Paul R. Selvin, "Thermal nanoimprint lithography for dr
correction in super-resolution fluorescence microscopy," Opt. Express 26, 1670-1680 (2018)
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SAMPLE DRIFT - CORRECTION




SAMPLE DRIFT - CORRECTION

Yina Wang, Joerg Schnitzbauer, Zhe Hu, Xueming Li, Yifan Cheng, Zhen-Li Huang, Bo Huang, "Localization events-based sample drift
correction for localization microscopy with redundant cross-correlation algorithm," Opt. Express 22, 15982-15991 (2014);
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-22-13-15982
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DYES FOR STORM

High Photons/Emission and Low Duty Cycle

Precision

Image
~mag

Low Photons and Low Duty Cycle D U ty CyCI e

() Object Image

O e O = Switching cycles

High Duty Cycle Low Contrast Ratio

Object Image
+
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Low Localization Density
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DYES FOR STORM

o
Activation -‘>;\ : -

Pulses (
Cy3 Cy5

5 10

LAV a

0 Cy3

S-S Dy y=( “Classic” STORM

5 10 15 20 ' 1 dye activator
Time (Seconds) * "

(a)
1 dye reporter

Alexa Fluor
647




DYES FOR STORM

dSTORM—Alexa Fluor® 488-568 dSTORM—Alexa Fluor® 594-750 nSTORM

Alexa Fluor® 488 Alexa Fluor® 532 Alexa Fluor® 555 Alexa Fluor® 568

Target Label/conjugate Label/conjugate Label/conjugate Label/conjugate

STORM buffer MEA MEA MEA MEA
Bibliography Citations Citations Citations Citations
Laser line (nm) 488 488 488 561

Standard filter set FITC

ThermoFisher Ex/Em (nm) 495/519
SCIENTIFIC

dSTORM—Alexa Fluor® 488-568 dSTORM—Alexa Fluor® 594-750 nSTORM

Alexa Fluor® 594 Alexa Fluor® 647 Alexa Fluor® 680 Alexa Fluor® 750
Target Label/conjugate Label/conjugate Label/conjugate Label/conjugate
STORM buffer MEA BME BME TCEP
Bibliography Citations Citations Citations Citations

Laser line (nm) 594 594/633 633 633

Standard filter set Texas Red® dye Cy®5 Cy®5.5

Ex/Em (nm) 590/617 650/665 679/702

dSTORM

Only 1 dye activated by
buffer



DYES FOR STORM

Shopping Cart
0,00 EUR ﬁ

ArTO-TECc PRODUCTS SUPPORT  WORTH KNOWING ATTO-TEC FAQ CONTACT NEWS

Fluorescent Labels: 500 nm - 600 nm

Fluorescent dyes with an absorption maximum between 500 and 600 nm can be found in this category. Apart from the pyronine dye ATTO 520 and the
thiorhodamine ATTO Thio12 zll other dyes are rhodamines. The dyes can be efficiently excited in the green, orange and the red part of the spectrum using light
sources such as the argon ion laser (514 nm), the mercury vapor lamp (546 nm, 5 He-Ne lazer (543 nm, 594 nm), the frequency- doubled Nd:YAG laser
(532 nm) and various laser diodes (520 nm, 530 nm).

ATTO Rho110 ATTO 514 ATTO 520

“
0565

ATTO 542 ATTO S50 A

ATTO Rho3B ATTO Rho11 ATTO Rho12 ATTO Thio12

ATTO Rho101 ATTO 5 ATTO 594 ATTO Rho13

dSTORM

Only 1 dye activated by
buffer
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STORM BUFFERS

Basic imaging buffer Dye-specific buffers
MEA BME TCEP

*» 50 MM TRIS, 10 mM NaCl + MEAto10 mM + BME to 140 mM + TCEP to 10-100 mM (need 1
(to pH 8) mM ascorbic acid and methyl

* GLOX (0.5 mg/mL glucose viologen)
oxidase, 40 pyg/mL catalase,
10% glucose)

Dempsey et al. Nat Methods Dempsey et al. Nat ~ Dempsey et al. Nat ~ Vaughan et al. 2013 J Am Chem
8:1027-36 Methods 8:1027-36 = Methods 8:1027-36 = Soc 135(4):1197-200

In order to image native AMPARs, we labeled AMPARSs using Ant-GluA2-Alexa647
after fixation. For STORM imaging, we added imaging buffer consisting of 5 mM
MEA (Sigma: 30070, St. Louis, MO) solution (~pH 8.0) and additionally added 40
mM Sodium D/L-lactate (Sigma: 71720, St. Louis, MO) and EC-Oxyrase (Sigma:
SAE0010, St. Louis, MO) in PBS in order to improve the photo-stability.




.
PALM PHOTOACTIVABLE PROTEINS

Photactivatable (PA) Photoconvertible (PC) Photoswitchable (PS)
Examples: Examples: Examples:
PA-GFP. PA-TagRFP. PA-mKate mEos3.2, mMaple3, Dendra?2 Dronpa, mGeosM, Dreiklang(PS)

 2F WK L
#* - #* -
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PA — Emits after activation
PC — Changes emission after activation
PS — Reversible between stats
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