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Fluorescence emission
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Ca?* Fluo-3, Fluo-4, Calcium Green, Fura2%:

pH BCECFAM

ROS H,DCFDA (DCF)

Singlet Oxygen Sensor Green

NO DAF

EEZ  JC-1, DIOC,(3)
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3 | 3 second barrior filter: cuts out
unwanted fluorescent signals,
passing the specific green
\irs fluorescein emission between
L 520 and 560 nm

LIGHT
SOURCE

212!
|

2 beam-splitting mirror: reflects
light below 510 nm but
transmits light above 510 nm

| 1

1 first barrior filtor: lets through
only blue light with a wavelength
between 450 and 490 nm

e Objective lens

E ~—— Object
Sk B

From The Art of MBoC? © 1998 Garland Publishing, Inc
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Argon laser

Blue light
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../Video/Leica SP8_clip.mp4
../Video/Leica SP8_clip.mp4

i A Bt A

1. 405nm BEOGER50mW :
DAPI, Hoechest 333425 f2.55%

2. 488nm BUGEE20mW:
FITC, GFP, Alexa 488587

3. 514nmEtE20mw:

4. 552nm BOEES20mW:
RFP, mCherry, Cy3, Alexa 555241 5%

5. 638nm BULEE30mW:
Cy5, Alexa 64754405t
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Desired lines in
(to scan device)

Undesired lines out 0 : 0.00 0.00 143 0.00 0.00

(to photon dumpster) \
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|
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Acoustic Scout 'S 458 476 488 496 514
(activation by sound) '

All lines in
(from laser crowd)
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sl AOTF - ROI 34

ROI1: 488nm for FITC only. (Green colour)

ROI2: 405nm for DAPI, 488nm for FITC, and 552nm for TRITC
ROI3: 552nm for TRITC only (Red colour)

ROI4: 405nm for DAPI only (Blue colour)
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Fusion of mitochondria in single onion bulb epidermal cells transformed with Kaede
fusion proteins.

Arimura S et al, PNAS, 2004
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512*512 @ 400Hz

Lifetime [ns]

Lightning STED FALCON

HF RN 2. 5BENRERE

WEER.  58% SR TF



| R-ESPS — WL fotca

El—HREARERRERERE, PHKIMSOHERE + SEFHE

FHERE
e @ 512 X512

M BE RS 7 fps
HIRFAHES 8K 28 fps

I 2 AEL37E =)

. -?.,}._ »
,~ 00:00:80.000



WOt R B IEE KR

Zoomfactor: gttt 4
!] Zoomin .

E7R63 xR FAMAEEIS , TH/AzoompUKENSR

SSSSSSSSSSSS




1X

1X

2X

2X

2X

3X

e

NyquistRAEEE

SSSSSSSSSSSS

KRN NEIL B S SR A2-365

1 1 0.61 X Aex
dpix =3 X Ty =3 X7
NTRBEBESRR, FERXE
“UG & BRI (pixel size)” =« P Y&
I [ 2 R K/ 11/2 - 1/3,

\

Magnification 63 40 10
Numerical Aperture 14 1.25 0.4
Optical Resolution [pm] 0.14 0.16 0.5
Field (Edge) [pm] 238 375 1500
# Resel (Field / Resolution) 1700 2344 3000
2 x Oversampling - 4688 6000

3 x Oversampling 5100 T?:l-
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Format : 512 x 512

Speed : oz O ek Apochromat 40x/1,25 oil

Bidirectional X : "|oFE] At ca 550nm wavelength

Zoom Factor: 0.75 lateral resolution: =~ 0,2 pm

ZoomIn: = . axial resolution: = 1,0 um
Image Size : 246.03 pm * 246.03 pym
Pixel Size : 481.47 nm * 481.47 nm
Optical Section : 51411 pm

Optimize XY Format

EARRER: pixel size < 0.5* xyfljE43HEER
EHRESHRERE, YRR K@




20x/0.7 NA Objective + 1024x1024 pixels =
loss of detalil

i
1

8192x8192 detall 1024x1024 detail

Courtesy: Dr. Michael E. Calhoun, Department of Cellular Neurology, Hertie Institut for Clinical Brain Research,
Tubingen, Germany
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Beamsplitter: DD 488/552 &

Substrate

DD 448/514

DD 488/552

TD 488/552/638

TD 448/514/552
RT 15/85 j

Objective:
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Pinhole

Unit :

Pinhole : O

Emission A [nm]: 580 95.47 um = 1.00AU

EFALBOR, (5 o, {H2r R,
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Spactral Range X

Min: |Ef.|3 nm Max: E nm
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=2 IE=Ei:] evareerens

DAPISEftrl 2 BRER

aNEAS ANWA = DAm
/ ANV AY N W A
/ ANVEA RS SR = GFP
/ N YN \
/ ATANAN AN \
o | / {0 NN \\ N\ = Alexa Fluor 488
T/ A D SN\ AN
P // // // // ‘"\Qéh "S__ ™ Rhodamine 123
: LAS 7 TT===== _ Alexa Fluor 532

420 460 500 50 580 f20

HT2RF Z BRI CASIVGERIRZY (B8 ) |,
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load the settings

2, HEMDHT

@ Setthe
excitation lasers

@ Tune the
spectral detection
@ Adjust the detector

@ Get the result!
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Excited Fluorochrome ~1nm

Objective
\qumﬂ/
~ odf 1d X
Tube lens )
\4
Limited by ™
diffraction

Ar ~ 200 nm
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Pinhole Diameter [Airy units]



I Convolution and Deconvolution
LIS G
® Convolution of 2 objects with PSF

Convolution

®

Object Optics Image



I Convolution and Deconvolution
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Deconvolution

Image Optics Restored Image
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Confocal

Lightning

dx=123.573 nm

"ok Y A Y]
x1=711.889nm x2=835462nm dx=123.573 nm
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Lightning

COS-7 cells. Sample: courtesy of Dr. Jana Doehner, Center of Microscopy and Image Analysis,
University of Zurich, Switzerland.
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| Imaginal leg disc of
Drosophila showing
the distribution of
the canoe-YFP

T _ . fusion protein,
acquired in living

2 : -~ sample with the
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- T e without or with
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Experiments

Transparent
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Depth Coding
Shadow
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Opacity
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Color
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Plasma “NHCH,NHCOC=C

membrane l

Step 2: hydrogel-tissue hybridization (day 3)

Hydrogel

Step 3: electrophoretic tissue clearing (days 5-9)
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Extracted lipids in
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Whole-tissue
immunostaining

"X
Antibodies

.]\5.'
g a
@ a0

. L @ Whole-tissue ’ Detergent-mediated

imaging

antibody removal

Chung K et al., Nature, 2013
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Single-Cell Phenotyping within Transparent Intact Tissue throughucesveress

Whole-Body Clearing

Yang et al, Cell, 2014
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Single-Cell Phenotyping within Transparent Intact Tissue through
Whole-Body Clearing

1mm PACT cleared brain (SN¢) 1mm PACT cleared brain (PFC)

intestine

<yl

integrin = — 3 :
40um 50pum integrin 100um acridine orange 100pum pan-cytokeratin 300pm

integrin

Yang et al, Cell, 2014
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| =3%))
Stack recording

axial res.: =~ 1,0 um
/-distance: 6,4 um

HCX Apochromat 40x/1,25 oil
At ca 550nm wavelength

lateral resolution: =~ 0,2 pm
axial resolution: =~ 1,0 um

ZA 50 U A SR
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I =2%))
Stack recording

axialres.:. =1,0um
/-distance: 3,2 um
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| =2%))
Stack recording

axial res.: =~ 1,0 um
/-distance: 1,6 um
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I =2%))
Stack recording

axialres.:. =1,0um
/-distance: 0,8 um
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Stack recording

axial res.: =~ 1,0 um
/-distance: 0,4 um
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Longitudinal slice of mouse brain

Red :BrdU, staining the proliferative cell
Blue: cell nucleus

Green: NeuN, staining the mature neure

Courtesy of Dr. Wei Mo, School of Life Sciences, Xiamen University, China



Longitudinal slice of mouse brain )

Red :BrdU, staining the proliferative cell '
Blue: cell nucleus

Green: NeuN, staining the mature neure

Courtesy of Dr. Wei Mo, School of Life Sciences, Xiamen University, China




mouse Cronea

Red :BrdU, staining the proliferative cell
Blue: cell nucleus

Green: NeuN, staining the mature

Courtesy of Dr. Zhizuo Chen, School of Life Sciences, Xiamen University, China
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/1N SRV IR S G £ i )P Rl O P 21 B 1 AR 1R H3. 3. RS oregon green & 4 il 1 AE A7 SR 56

Courtesy of ME Torres-Padilla (Team L. Tora) & Marc Courtesy of Adrien Eberlin (Team L Tora) &
Koch (Imaging Centre IGBMC). Marc Koch (Imaging Centre IGBMC). 152



AFCIR(HSZIFENIGERS
AFC3KF850nm LED , YJ{HiiR{prsEE. XhELIihelpkiGTcezi

1. Focus Position
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10 um

L r——————
0d00:00:00.000

Arabidopsis thaliana protoplast
Monitoring mitochondrial (GFP-green) and chloroplast
(autofluorescence-red) movement.

160
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Calcium sparks

—

Calcium wave

18D

II®0

Consecutive line-scan images from HAMs showing two calcium sparks
and a calcium wave.

Anna Llach et a/, European Heart Journal (2011)
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MEENE

=
2

Series046

Dimensions
Dimension Legical Size Fhysical Length Physical Crigin
X Rl 22,617 pm 7448 pm

T L] 0.051= 0.230s
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Experiments | TCS SP8

v Acquisition Mode v Live Data Mode

FRAP

v XY:512x512 | 400 Hz Ehahead

Format : ’ FRET AB

Speed :

— ) FRET SE
Bidirectional X :

Pag

173
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KIGEAETKRE FRAP

Excitation beam Bleached Area

488 nm fluororescent
molecules

Movement of fluorescent
molecules into the Complete Recovery

bleached
area (recovery)




Non-
silencing

VPS4A

H-Ras

% pre-bleached fluorescence

S

S

levels

100

(o)
o
—

401 = VPS4A shRNA

_J» =Non-bleached control
« ~Non-silencing

Jeica
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158 FRAP

CHMPG shRNA

.,,_“....,,ermmwﬁm

- - 1- -
T e Cxeg

50 100 150 200 250
Time after photobleaching, sec

Z-Y Zheng et al., Oncogene, 2012



Zoom in:

AR 2 5% I ROR

Flymode:
256 0 m) 339 B 7 1\
& T PR R S

FRAPZS¥iXE

v Method of Bleaching

Fly Mode:

ZoomIn:

Change Bleach Format :

Set Background to Zero:

Delete Bleach Images after Scan:

Use Laser Settings for all ROIs :

Jeica
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Bleach area in x forward

Read out recovery during x flyback
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BEE¥ FRET

1

No FRET signal

5nm
é 436 nm
CFP YFP
%480 nm
FRET signal
5nm

§436 nm
CFP YFP
KZL?BO nm %‘535 nm
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Protein (Acronym) | Ex (nm) | Em (nm) [ ECx 107 M em™ | QY | Relative Brightness (% of EGFP)" Use as FRET probe
Aequorea-based FPs
EBFP2 383 448 32.0 0.56 53 Donor to GFP/YFP
mCerulean3 433 475 40.0 0.87 103 Donor to YFP
mTurquoise 435 47 350 0.51 53 Donor to YFP
EGFP 488 507 56.0 0.60 100 Donor to OFP, RFP
mVYenus 515 528 92.2 0.57 156 Acceptor for CFP, Donor to RFP
mCitrine 516 529 77.0 0.76 174 Acceptor for CFP
T-Sapphire 399 511 44.0 0.60 79 Long Stokes shift donor
mAmetrine 406 526 45.0 0.58 18 Long Stokes shift donor
REACh 515 528 92.2 0.04 1 Strong absorber, weak emitter Acceptor for FLIM studies
Coral FPs
Midoriishi Cyan 472 495 273 0.90 13 Donor to mKO
mTFP1 462 492 64.0 0.85 162 Donor to YFP, OFP, RFP
Kusabira Orange2 551 565 63.8 0.62 118 Acceptor for CFP
mCherry 587 610 720 0.22 47 Acceptor for GFP
TagRFP-T 555 584 810 0.41 99 Acceptor for GFP
mRuby 558 605 112.0 0.35 117 Acceptor for GFP
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Method 1:
B-AxB-Cxvy
C

Ref. Wouters et al., TRENDS in Cell Biology, Vol 11, No.5,
May 2001: 203-211

Eg':li =

Method 2:
B-AxB-Cx(y-axp)
Cx(1-B x3d)

Eg{l] =

Ref. Van Rheenen, J., M. Langeslag, K. Jalink: Correcting Confocal Acquisition
to Optimize Imaging of Fluorescence Resonance Energy Transfer by Sensi-
tized Emission. Biophysical Journal, Vol. 86, April 2004: 1-13.

Method 3:
Ejfi)= B
A

The Ratiometric Calculation is used in samples with a fixed
stochiometry (1:1) of donor and acceptor (e.g. Cameleons). Prg
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Experimants Toals Graphs
(" Stack Prafile Statistics
RON Channel 1 Channel 2 Channel 3
Mean Walue 1500.19 1162.85 1509.43
Pixel Count 117884 117834 117834
Pixel Sum 76.85 10E8G 137.08 10E6 177.94 10EE
Length 1784 um 7.64 um 7.64 um
Frame Count 52 52 52
Variance 6316.4 E30.5 26R06.97
Standard Deviation 82.56 2303 158.7
Average Deviation 62.79 17.12 138.657
Max Amplitude 1584 .52 1185.93 17367
Max Position 934 pum 8.65 pm 5,68 pm
Min Amplitude 1282.93 1086.86 1194.42
Min Position 17.64 pm 7.84 pm 7.84 pm
Center Of Mass Pos. 8.68 pm 8.75pum 8.85pum
ROI2 Channel 1 Channel 2 Channel 3
Mean Walue 1513.31 142593 871
Pixel Count 303680 303680 303680
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Glass Bottom Culture Dishes

Dish diameter (35 or 50 mm) %ﬁ#’iﬂzﬁ

P35 35 mm

Coating MatTek Corporation
G Uncoated o

GC Poly-d-lysine coated Thermo Scientific
GCOL |[Collagen Coating Willco Wells
Coverslip Thickness

No.0 [0.085-0.13 mm Ted Pella, Inc.

No. 1.0 |0.13 - 0.16 mm

No. 1.5 |0.16 - 0.19 mm

No. 2.0 |0.19 - 0.23 mm
Glass Diameter
10 Glass diameter (10, 14, 20 or 30 mm)
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The Nobel Prize in Chemistry 2014

"for the development of super-resolved fluorescence microscopy".

Eric Betzig Stefan W. Hell William E. Moerner
Leica 4Pi, STED, GSD & RESOLFT
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TCS 4P| TCS STED CW SRGSD 3D HyVolution HyVolution 2
2004 2007 2012 2013 2014 2015 2016
TCS STED Dual color for TCS SP8 STED TCS SP8 TCS SP8
TCS STED (CW) and STED 3X STED ONE
gated STED

SP8 STED 3X: Confocal super-resolution

SR GSD 3D: WF super-resolution
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Prof. Stefan Hell

MPI for Biophysical Chemist#
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20 nm

STED reveals immunolabeled subunits in amphibian NPC.

Atto 590 + Gottfert et al., Biophysical Journal, 2013
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270N
' Virology Journal

ABOUT ARTICLES SUBMISSION GUIDELINES

RESEARCH OPEN ACCESS

Visualizing the replicating HSV-1 virus using STED super-resolution
microscopy

Zhuoran Li, Ce Fang, Yuanyuan Su, Hongmel Liu, Fengchao Lang, Xin Li, Guijun Chen, Danfeng Lu and jumin Zhou i

95 °C for 4 min; finally, cells were incubated with antibody at room temperature for 1 h. Images were acquired
using a Leica TCS SP8 STED 3x (Germany). The distance measuring software was Leica LAS X. Figures were
analyzed with Image-Pro Plus 6.0 software (USA).
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Fig. 3 Average distances of the same probe and different probes.
Distances of the same probe and different probes were calculated
under STED microscopy. The average distance of the same probe is
419 nm and that of different probes is 111.9 nm, which is 2.7-fold
highThan the same probe, p value < 0.001 (***). The data were
evaluated with the Students’ t-test
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Two-color STED Live Cell Imaging

@ Sec61p
1 OMP25
A Halo

Il SNAP
@ SiR

@ ATTO590

Intensity (a.u.)

(o] w (=2} o
.‘h. ]
v
P
1

0 200 400 600
Position (nm)

Figure 1 | STED nanoscopy of dynamic interactions between ER and mitochondria.

Bottanelli, et al. Nature Communication, 2016




I Two-color STED Live Cell Imaging
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Figure 2 | Golgi protein dynamics imaged by live-cell STED nanoscopy.

Bottanelli, et al. Nature Communication, 2016
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STED microscopy in the molecular layer of the somatosensory cortex
of a mouse with EYFP-labeled neurons.

Sebastian et al, Science, 2012
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STED imaging of the temporal dynamics of dendritic processes within the
molecular layer of a TgN (Thyl-YFP) mouse, about 10-15 um below the surface.

Berning et al. 2012
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HMF vs. BFRF

Eye of zebrafish embryo (stained with DAPI)

Image size (xz): 125 um x 125 um - Objective: 63x 1.2 Water - Detection range:
400nm — 500nm

V2 o AP
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Ex: 405nm Ex: pulsed IR/ 780 nm
PMT: 800V PMT: 800V
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Over L1171 penetration depth with two photon. The sample was a six month old

narcotized mouse expressing neuronal YFP.
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180

180 i)
The cortex of a living mouse with-different types of nerve
cells stained: In blue astrocytes, in green microglia, in

yellow neurons and in red the blood system. The experiment was
done by our beta—tester site at the DZNE in Bonn, Germany.



DIVE provides Spectral Freedom

> i

100 ym

100 pm

100 pm

100 pm

Sample courtesy of Jacco van Rheenen.

University of Utrecht, NL

Confetti Mouse, small intestine — gray SHG collagen,

green stem cells,

red, blue, yellow progeny of stem cells
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Gated STED Microscopy with CW-STED Lasers

http://www.leica-microsystems.com/science-lab/



