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Future challenges in Cellular Biochemistry

How do proteins
control biological
processes?

How many/ where?

How fast?

Evolution?



Quantitative Fluorescence techniques

» Spectral analysis Fluorimeter
* Fluorescence imaging spinning disk, confocal
* High resolution imaging PALM, Storm
* Dynamics FCS, FRAP
* Biomolecular interactions FRET

* Fluorescence lifetime/anisotropy analysis



Multi mode confocal microscope
(Leica SP8)

Point scanning source
Selective excitation (lasers)
Selective detection (HyD)
Improved resolution

v' pinhole
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e User friendly
* Flexible
* Sensitive
* Up-to-date technologies
* Multi-parameter
e Spectral
e Lifetime
* dynamics




Confocal principle

Widefield Fluorescence Microscope Confocal Fluorescence Microscope

Arc Lamp Laser

Excitation Diaphragm Excitation Pinhole

Excitation Filter sl
— BB Excitation Filter

Blocking out of focus light

Objective

Objective , .
— Y — Y Emission
\ Filter
Emission Pinhole

Emission Filter




Leica SP8 concept




Excitation of fluorophores

Conventional
* single BP
* double BP

(Chroma design curve)




Supercontinuum (fiber) lasers
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Excitation from 470-670 nm, 8 laser lines simultaneously

AOBS; Acoutic Optical Beam Splitter



Leica SP8 concept




Fluorescence emission

Spectral detection

. _ @ Prism
* Low-loss prism optics @ Sliders

€ Detector

* Highly selective
* Flexible colour separation
* Spectral detection

e 5 detectors



Hybrid detector technology

HyD stands for hybrid detector

HyD :
= half PMT: Large dynamic range
= half APD: Superior sensitivity

GaAsP photocathode
*Gallium-Arsenide-Phosphide

More advantages:
*Excellent signal-to-noise

*Photon-counting option to detect weak signals —_—




Imaging Arabidopsis root

Arabidopsis root labeled with membrane marker fused to GFP



Multi-color imaging

Transient expression multi-colored transcription factors



Ratio imaging

genetically encoded calcium sensor

Yellow Cameleon (YC)




Quantifying auxin levels in roots
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Optical sectioning




Optical sectioning of Arabidopsis root
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3D projection




Endoplasmatisch recticulum

Christoph Biicherl



Quantification of cell volumes

N

0,2 um stacks 3D view 3D SegmentationMesh creation Signal projection
TUAG-GFP (Microtubule)
Renaissance stain 2200

MorphoGraphX: Richard Smith & Pierre Barbier de Reuille

DeRybel, Weijers Science 2014
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Resolution in confocal microscopy

Wide field Epi fluorescence Confocal fluorescence microscopy
microscopy
Lateral R, = 0.61A/ NA Rt = 0.4A / NA

Axial Point Spread
Function Intensity
Profiles
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Spatial resolution

Airy Disk

|- f >|
Lens & (Focal Length)

Intensity

VvV vV 3 Spherical Wave Front
Plane Wave Front .
Figure 2 = X
\.=0.20 " Focal Plane
airy pattern formation
Convolution

Object Optics (psf) Image




HyVolution2 - Multicolor confocal superresolution

* Requires SP8 photon efficiency + HyD highly sensitive
detection with low noise

T s e

TCS SP8 + HyD

* HyD make every photon count — best SNR - and XYZ
resolution at pinhole 0.6 AU

* Huygens deconvolution by SVI

* GPU (graphics processing unit) accelerated computing
with the CUDA high-performance hardware

* LASX HyVolution Wizard g NVIDIA
I CUDA

Deconvolution

Image Optics Restored Image



HyVolution2

(o] HyVokstion + Configiration ! Decornmiion : Guaniiy

Opreer propsts Accuanstion L0d | Save | Rai

Acquasition Mode

Wt

Moamon Sermngs
Load
© o
o ()

4R 4S® 552 &

HyVohation Grade

~ Speed

* Deconvoution Settings

oach:Fuygent Exsential Autoe

Mounting Mediurm Prolong Gold
Refractve Index Otjective HCPLAPOCS 100040 DRY <

Strateqy [

7352 | 400 Mz | 1.2810.50 AL

Z-Stack : 6.6ym | 73 Steps

Begen fpen]
End lpm)
7 Postion (jam}

Z Sao [um}

Sandsedd

Standed §

Travel Range [pm

Autok i & 5 Lina_Accu_L6_HyO x+1632 y= 1632 (107 MB)
utofoas e s =
e X Seres 11625 pen x 11675 pm




HyVolution?2; spatial resolution 140 nm
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HyVolution2; examples

Original
MpARF3-YFP

Hyvolution



Hyvolution2; examples

SOK-YFP in roots

Original

Hyvolution



Hyvolution2; examples

SOK-YFP in leaves

Original

Hyvolution



Other features

v’ Time lapse
v" Multi stitching
v' Lambda scan

v Gating system
v" Multi mode confocal

v Fluorescence lifetime imaging
v Fluorescence (cross) correlation (micro)spectroscopy
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Micro-Spectroscopy

Application of fluorescence spectroscopy on
microscopic objects

Fluorescence in biological/applied sciences?

+ Sensitive

+ Specific

+ Multiparameter
+ Living cell

+ Dynamics



Excitation and emission of fluorophores

Fluorescence absorption/emission spectra
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Spatial resolution

The Rayleigh criterion, defined as the minimum resolvable detail, when the first
diffraction minimum of the image of one source point coincides with the maximum of
another (C).

Airy Discs
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Intensity Distributions




Convolution and Deconvolution

Convolution of 2 objects with PSF

Convolution

H®

Deconvolution
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Image Optics Restored Image




