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Basic Principle Fluorescence Imaging

Anregungszustand

Absorption and Emission
of Radiation

Absorption

a Emlssion

Figure 3

Grundzustand

Jablonski Energiediagramm

Excitation and Emission Spectral Profiles

Relative Intensity
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(Emission) filters

Filter Characteristics and Nomenclature

Excitation
100 543nm
Beamsplitter:

— HFP 488/543
% BOF Emission:
B 560nm LP
=1
2
@ BOf
o
S
E Emission:
] 40F 560-615 nm BP
'E 650 nm LP
g 20
=

0 Emission:

500 700 Spectral 11nm
Wavelength (Nanometers) R— 552-723nm
North et al.,, 2006

Ex/Em Filter must be selected to match your fluorochome combination
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Overview Fluorescence Imaging

Fluorescence Imaging Modes in Live-Cell Microscopy

Focus Area

Background
N

Figure 12

| | |
Laser Scanning Widefield Spinning Disk
Confocal Fluorescence Confocal

- Carl Zeiss
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History

Dec. 19, 1961 M. MINSKY 3,013,467
MICROSCOPY APPARATUS
Filet Wov. 7, 1957

Marvin Minsky

FIG. 3.
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Simplified principle

Lampe Kondensor- Objektiv- Okular
linse linse
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Optical path

Carl Zeiss

VPTC Laser Ports

Acousto-Optical Tunable Filter Anatomy

(405 +440, gepuist +CW) Apoustic Incident
2 IRPTC Laser Port Unp‘LIIE':élEd
Gurchstimmbare Tisa) Polarized M "
3 Vis PTC Laser Ports & Vis AOTF o
4 Moniirdioden 7 Scanspiegel (FOV 20, 66 690 12 QUASAR PWIT spektrler Karal #1
5 InVis TwinGate Strahiteiler 8 Master Pinhole 13 QUASAR PMT spektrale Kanale #2-33 (or #2)
(auristoan) 9 Teiler fur externe Kansle 14 QUASAR PMT spekiraler Kanal #34 (or #3) weling
6 ViwnGresianiels 10 SpokaleAupaungond RyelngLoop 15 . Kanle (4551 APDS FM, 1S ) Agausical
(vom Nutzer wechselbar) 11 Spektrale Strahifihrung 1
Incident and
Diffracted e O
Figure 10 Thanscuter
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Numeric aperature and resolution

‘ \ 0 > 04
oy o

NA = n-sina

| 3

Offnungwinkel des Objektivs
Brechnungsindex des Immersionsmediums (n)

Definiert das Auflésungsvermdgen
Kann in Luft NIE groRer als 1 werden

Ein einzelner Punkt wird als Airy Scheibe
abgebildet

Carl Zeiss
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Chromatic aberration

Axial Chromatic Aberration

White Blue Light
Light !
Red Light
Optical \\\ p
xis i Focal Point
Simpla —% Green (Red Light)

Thin Lens Light

F
!
".I
Z

North et al,, 2006
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Correction with color beat
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Spherical aberration

Spherical Aberration

Monochromatic
Red Light ¥

°R§'|?I 1

% 1' -
Thin Lens S

Focal
Point 1

Focal
Point 3

Figure 2

Refractive index mismatch
=wrong immersion medium

bad

1.504 oil

gives rise to geometrical 1.504 oil 1.518 oll 15300l 7
aberrations
North et al.,, 2006
—
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Mounting medium
Compound mismatch
Refractive Index ,
Genter section center section
Ethylenglycol 1,109
Methanol 1,329
Aqua 1,330
Aceton 1,359
Ethanol 1,361
n-Hexan 1,375
Isopropanol 1,378
Glycerol in PBS pH7,4 1,385 40%
1-Propanol 1,385
Moviol 1,389
Glycerol in PBS pH7,4 1,394 50%
Isobutanol 1,396
Ethylenglycolmonomethylether 1,402
Glycerol in PBS pH7,4 1,405 60%
Diethylenglycolidethylether 1,412 —
Glycerol in PBS pH7,4 1417 70% .
Dioxan 1,422
Glycerol in PBS pH7,4 1,425 80%
Glycerol in PBS pH7,4 1,435 90%
chloroform 1,448
9
Air

5

5

g

s

& O/

f{ /

0. T 11 13 T3 15 6

refractive index

Glycerol
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Quality of light

1

/‘:: agation
Direction
Wavelength (A) ~a

Figure 2

Absorption and Emission
of Radiation

Absorption

@ Emission

Figure 3

Electromagnetic Radiation Spectrum
(Hz)
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Airy Unit

Diffraction of Light Through an Aperture
Point
—

SuLumheol'

t

i E—
Coherent—_
Light pre—
Aperture ml

Intensity Distribution P Q

Figure 3

g o k222

NA = Numerische Apertur

Z — \/5 em” “exc
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Aiiry Disk Patterns and PSFs from Diffraction
Airy Disk

Patterns
® @
-y &~
(a}

(b} (<)

—

Point
Spread
Functions

Figure §

Diffraction limited
resolution limit
Images of relatively
large beads reflect the true |
size of the object \

Diffraction limited spot
does not become smaller
as the bead decreases in size

Diagram of
image of bead

Physical size
of bead

\
S -

~
S
Beads of decreasing size
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Point spread function

4 |(Z)

Laterale Projektion Axiale Projektion R

axiale PSF
e laterale PSF

> -DE 0% = FWHM
. Point Spread Function (PSF) EoEll A
- Wenn Intensitat auf die Halfte des [i | \
Zentralen Maximum abgesunken dann > f A A
Halbwertsflache D _ | !
. . c j‘ |
. Setzt sich aus axialen und lateralen 2 / !
. . c /
Anteil zusammen: Halbwertsbreite = = / . G
. . I it ol \ B —
- Full Width at Half Maximum (FWHM) .5 3% 10 o5 @5 54 a8 2%
Abstand vom Zentrum z [um] |Ocati0n
Z Fraunhofer
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FWHM characteristics
FWHM ist abhangig von:
| BlendengroRe = _———  Wellenlange des
¥ Pinhole g s s o verwendeten
S EDE - Durchmesser e e e Lichts
sg" Brechungsindex Intensity Distribution of Diffracted Light
g = Imersionsmedium =Dl
e Figure 4 Iintereadty
Maximum

Higher
Diffracted
rders

Numerische Apertur

Detector Screen

Intensity

Carl Zeiss
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Angular resolution and Rayleigh criterion

Airy Disks and Diffraction Pattern Intensity Profiles

Rayleigh
Resolved “—-—Res%lut on L
Limit 15[ A
iy g 1| Inte ';xny
Disks s [ ntens!
.,/ Eosl Profile
- ¥
Ed olmed_

-5 0 5 10
-
__ Sirs

a
A L
Unresolved T r
Airv// Sa28 Aty
ntens|
Patterns ‘E 75 [ Profile
2 7.
s -
£ 25}
0 5 10 15
4L Unrgsolved | o; [s=38 | fcontrast| ; [ S=80
5 1y ¥ y
:‘: r Disks 2 ost ltzerof osf
. rossing|
04t s=30 |50 ol
0.2 / o2 L
o 0
0 w8 " A0 $ 0y5 w0 2 Vv R

26.5% depression in brightness btw two maxima is giving the sensation of twoness
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Pinhole / Rayleigh unit and intensity

E 10
]
£
£ 08
= o
2 d = 2,00 AE
d=1,00AE
0,6
d =050 AE
04
d=0,25 AE
d=0,05AF
02
= [AE]

05 1

1 signalinise rafo

signal

transverse resolution

o1 1 st zero Airy disc

i R A A L Y

Small pinhole

’ //‘ \ d=2.00 AE

) /N% \; _

; // \/ \\ d=1.00AE
// 4\\1\7 d = 0.50 AE

04 / \
// | \\
e J AVV d=0.25AE
/ ; o d=00sae
) =]

05 1 15

Carl Zeiss
- thin optical section
- high z-resolution
- low signal strength
1RE= DA
NA?
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Condiition of confocality & resolving power

Konventionell

Caeaa©
.
@ * e

1
10

latetal Position, normaliser (]

0
axiale Position, nomalisiert [um]

Carl Zeiss

Konfokal

o

0
‘axale Position, normalisiert [um]

s) PH-3.0AU
FWHMgg, et

FWHMK!I‘aIIa\
FWH Mygachu, axisl

FWHMyjach aterel
PSFychw >> PSFsy

Geometrisch-op
Konfokalitat

Avial resolution

30
25
[ 20 Resolution
(FWHM)
15 ez om
10

Los

14 13 12 11 10 09 08 07
Numericsl aperture of objective

b} PH-1AU

PSFyai > PSFau

»

00
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<) PH-0,25AU
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Wellenoptische
Konfokalitat
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Resolution limits

Conventional 0,61 A d = optical resolution
: . = — 7 NA=Numerical aperture
Microscopy: NA A = Wavelenght of light
Geometrisch optische | Wellenoptische
Konfokalitat Konfokalitat
Laterales >y Geometry
era’e 0,51-4 0,37-2 Of the
Auflésungs- —  om R Probin
g
vermogen NA NA beam spot
i""ff‘_'_es 0,88-1 0,642
uflésungs- ) .
vermagen - lnz — N4> n—lnt — NA> Pinhole size
Optische "y
A Y (Yznpu) ,64-4
Schnittdicke J{ Ob%j +[‘5:;H) 0.6
n—n —NA4 n _ n2 _ NA2
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Numeric aperature and resolution

size varies: tissue / cellular / molecular - LSM limit

Animal cell: 10-30 pm  Nucleus: 3-10 pm  Microtubules: 25 nm
Antibody: 10-15 nm GFP: 2-6 nm Dye molecule: 1 nm

North et al,, 2006

Carl Zeiss

North et al., 2006

Light microscope best case Check the PSF of the Lens!
scenario: 200 x 200 x 400 nm
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Example

NESTIN

MERGE
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Quality intensification

Variation des Average Variation der Pixelzeit
34 3
33 3
32 EY)
3 31
30 30
29 29
SNR 28 SNR 28
[dB] 27 [dB] 27
26 26
25 7 25
24 24
23 2
2 2
2 2
20 2
1 2 3 4 10 1 2 3 4 10
Anzahl Average Pixelzeit [ps] Carl zZeiss
High speed
Low noise High resolution
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Stiching

700 pm
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Lightsource Fluorescence

Spectral Intensity [Wisrinm/1000cd]

=
-
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Metal Halide Arc Lamp
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Figure 1
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Lightsource CLSM

Laser lllumination Source Emission Spectra

Relative Laser Output Power

Krypton Emission Spectrum

647.1

7993

i |
g
1 I

e 6764

Argon Emission Spectrum

Figure 10

400

500

600 700 800

Wavelength (Nanometers)

458 nm

476 nm

Argon LASER

488 nm

AOTF

496 nm

514 nm

Argon-lonen
Laser

A=514nm/ 488nm

Neodym-dotierter
Yttrium-
Aluminium-
Granat-Laser

A=532nm
Helium-Neon-
Laser
A=543nm

Diodenlaser
A=635nm
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Scanning

Beam scan:

| xly: by galvanometer

) driven scan mirrors
- Z: sample is moved
J via galvanometer

> driven stage or

electronic focus of
the microscope

XIYIZ Stack
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Fluorescent Dyes and Proteins

[}
3

0 w0 5 %0 3

@ s s s
WAVELENGTH (nm)

F=o0-Qe | [Photonen/sec]
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Our system

LSM 710 am inversen Stativ
Das LSM 710 ist in Verbindung mit dem inversen Mikroskop Axio Observer | hervorragend
fr die zell- oder die molekularbiologische Forschung geeignet.

= LsM 710

Carl Zeiss

:

By

Z Fraunhofer
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Our system

Laser Rack mit Leuchtdioden 7 EXFO Hauptschalter
Steckerleiste unterm Tisch 8 EXFO Shutter

Server zur Datenverarbeitung 1 Argon L. Hauptschalter A
EXFO Fluoreszenzlampe 2 Argon L. Power Key B
Argon Laser 3 Argon L. Power LED C
LSM Modul am rechten Port 4 Argon L. Idle/Run Switch D
System Hauptschalter 5 Argon L. Light Adjustment E
Zeiss Axio Observer 6 Hauptschalter Power Key F

G

H

Steuercomputer 9 EXFO Setting Buttons

on
orF o

SYSTEMSPC  CoPONENTs
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Our system: ZEN Software
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Lenses

&

des Objektivs

Farbe der Beschriftung
Kontrastmethode

Standard I
Pol/Dic I
Ph123

Objektivklasse I
dazu speziele Bezeichnungen 2B
LD fiir long working distance —

Ph 3

= Plan-Neofluar

Farbcodierung der

MaBstabszahl
MaBstabszahl/Numerische Apertur | 10125 I
e 40x/0,90 Imm Korr 25 I
- Immersionsmedium (Oil/W/Glyc) s
- instellbare Deckglaskorektur —

(Kon) 63 [
10 (EE—)
Tubusls icke (mm) _ oo / . 16/20/25/32
1C-Optik: o 40/50 I
Infinity Color corrected Syst
Infinity Color corrected System o I
017 —
% 1!
Ohne Deckglas: 0 b A ] E—
belibig = i
W Immersionsflissigkeit
1 O I
T Wasser ]
feverse e | 1IN S —
- Deckglasdickenkorrektur
- Korektur be unterschediicher g b
Immersion oder N
- isblende
Carl Zeiss

EC PLAN NEOFLUR

Korrektion 435nm — 670nm
3 Farb-Korrektion

10x 5.60mm 0.3NA T
20x T
40x 0.20mm 1.3NA OL DIC

PLAN APOCHROMAT

Korrektion 420nm — 670nm
4 Farb-Korrektion

63x 0.18mm 1.4NA OL DIC

405 458 488 514 543 633

Z Fraunhofer
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Correct coverslip thickness

The last 500 ym are important
Coverslip=0.17 mm

Image Intensity vs Coverslip Thickness Performance Reduction with Coverslip Thickness Variation

100

cu NA=04 NumericalAperture 0.01 mm Deviation 0.02 mm Deviation
£5.80 [
ég" 0.30 none none
§§ 80 NA=0.65 0.45 none none
b=
Eg 4 0.70 2 percent 8 percent
3
ES “SNA=0.8 Figure 3
= 0.85 19 t 5T t
gE 20 NAZ0.95 percen percen

0 0.95 55 percent 71 percent

0 0.02 004 0.06 0.08 0.1 0.12 0.14

Thickness Error of Coverslip

X

coverslip thickness: <0.17mm  0.17mm  >0.17 MM o zamboni etal. 2008

Z Fraunhofer
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Bleedthrough and crosstalk

100 Excitation Emission
" A
g 50
™
104~
00 400 00 G 700 ®O0
Bolte et al., 2006
FITC 490 nm max. Ex FITC 520 nm max. Emi
Cy3 552 nm max. Ex Cy3 570 nm max. Emi
Laser 488nm PMT Cy3 Detection
Cross-talk Bleed-through

Always use sequential acquisition!

Z Fraunhofer
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Bleedthrough

£ imaging Setup
Mode
Switch rack every

- o Teaek

Golor Detector Range
4395030
415787 0m

Z Fraunhofer
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Cross-Talk & Link between Excitation / Emmission

Three colour
overlay

oY Synaptotagmin  DLG (Psd-95) HRP

Actin
BODIPY FL Texas Red

Alexa 488 Cy3 Cy5

Sequential

Simultaneous

Tubulin

Sequential Simultaneous -

Brown et al., 2007

561 nm 543 nm 514 nm
Excitation LASER Emission Excitation LASER Emission Excitation EAOER Emission

f T T
Y ] ! w s s s

Remote excitation — Lower emission

Z Fraunhofer
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Filter

Analog Image

Digital Sampling

Pixel Quantization

The Convolution Operation Sequence

Sharpenin
Comrr%?utio?\

Mask
—and
Source
Product

Destination
Image- |5t
e ey L1304

e refrshesrodaloe[oz o ~.. Pixel
{234 [vou] 84 -

=

Z Fraunhofer
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Filter and deconvolution

Raw Image Median Filter Deconvolution

‘obew| mey

814 UEIPO

Raw Image
------ Median Filter
Deconvolution

Intensity

B2 S i g o e e

| S

§ i |

SR th S e o sl

Use Deconvolution

Calculation based on PSF of the lens

Landmann et al., 2004

Z Fraunhofer
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File format

Digital File Format Memory Requirements

JPEG TIFF
(24-Bit)  (24-Bit)
2% 2% % 2%
13k
a9k
193k
226k
770k
902k

Bitmap

470k 1,407k 75k 1,408k
1024 x 768 770k 2,305k 104k 2,308k
1,282k 3,841k 147k 3,842k
1877k 5,626k 161k 5,627k
3,960k 11,869k 276k 11,867k
8,002k 24,001k 458K 24,002k
11,522k 34,561 611k 34,562k

original image

JPEG = joint photographic experts group

TIFF = tagged image file format

Use proprietary formats of your vendor

(TIFF-TIFF)+128

(TIFFJPEG_QF 100)+f128

(TIFF-JPEG_QF80)+128

d

64 128 192

JPEG QF60 subtraction image

Cromey et al., 2010

Z Fraunhofer
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Dynamic range and bleaching

Bit Depth and Gray Levels in Digital Images
2Bit 4Bt 6Bt 7Bt BBt  10Bit

nerrr
i 1

16 84 128 256 1,024
Gray Levels
Figure 4 {Bit mepth)

Demandolx et al., 1997

Dont bleach the area before imaging

-> bad S/N ratio

=

North et al,, 2006

NA determines intensity
Avoid saturation! = data loss

Z Fraunhofer
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Sampling

Analog and Digital Signals

v
Bv

Digital Samples

Integer
Equivalent Binary

Pulse
Equivalent Train

Analog
- Sine Wave

1 to 1 sampling
==
A

3x over-samplin

HENENEEEN

5x over-sampling
E | La®

00

EEES

0 50 100 150
Pixel

Uberabtastung

b)

o 50 100

komekte Abtastung

Cromey et al., 2010
‘a
00 .
' Nyquist Theorem
50 . . .
Optimale Schrittweite =
0 halbe Periodendauer des
150 0 50 00 150 .
pixel Fire aufzulésenden Struktur-
Unterabtastung
abstandes

Z Fraunhofer
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Optical thickness

Oversampling XY

Plan-Apochromat 63x/1 40 OW DIC M27

Frame v

X 1200

PoxelDwell 134psec  ScanTime 908 sec
Averaging
Number Bit Depth
Mode Direction =

Method

Image Sze: 508 pm x

Pocel Sze: 0,04 pm

Oversampling Z

Pinholes

> 0 ing

1 Ary/
Channel

Wiaich Pinhole | Opomal

equal
optical
Match Pinhole Optimal SeCtIOI’IS
Table1. Thelavsaf Match all!
‘Wide-field Confocal

Expression 0.61A,/NA 22/NA? 042 /NA 1.4, /NA?

Limit resolution of a 63x oil 232nm 574nm 152nm 402nm

immersion objective with

NA=132atd_=500nm

Minimal justified pixel size 101 nm 250nm. 66 nm. 175nm

for this objective

Z Fraunhofer

1Z1
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Image processing

Increasing the brightness shifts the entire intensity histogram to the right.
Increasing the contrast causes the intensity histogram to expand

Positive gamma (>1) increases the intensity of the mid-tones in the image more than
the darker or lighter parts of the image.

Because gamma adjustments are non-linear, they should be declared in the figure
legend or the methods section of a paper.

255

Brightness © "

2241

Contrast © o2}
Gamma ® § o
% 128
Bl ’ T L
Carefull with filters! @ o | ==
Dl et il ‘
Change whole picture I
Gamma = 1.0 1 I
i S
No selective changes e T

Cromey et al., 2010

Z Fraunhofer
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Image processing
un-processed appropriately processed| |~ over-processed
i i
_ . [T —
2550 2550 255

Box 2

un-processed un-processed

over-processed F over-processed

2565 0 ) 255

Cromey et al., 2010
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Pixel binning: basic principle

Binning =1 Binning =2 Binning = 4

Signal 4 times larger.  Signal 16 times larger
Spatial size doubled Spatial size quadrupled.

Bucket Brigade CCD Analogy

Integration of
Photon-Induced
Charge

Parallel
Bucket —
Array ¢

CCD pixel

Parallel Register
Shift (1 Row)

Serial Register
Shift to Output =

Conveyer Belt

Calibrated

Figure 6 Measurin:
'gu Container

Z Fraunhofer
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Examples

181355

Caspase-3 1

Z Fraunhofer
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Problems

North et al.,, 2006
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Summary CLSM
Laserrauschen Digitalisierung
Schrotrz'i.usch_en_ P Pixelgrafie
Sekundaremissionsrauschen Dessiaos Laser sk noni

Phatons {Licht; Quantensauschen)

Dunkelrauschen

—>

Restiehler
der Optik

Pupillen-
ausleuchtung

Konfokale Blende
Carl Zeiss

Z Fraunhofer
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Fraunhofer 1Z]

Experimental Imaging - Alexander Kranz, MD

‘microscopy

Thomas Gregor Lab, Princeton University

| 900um
imaging depth

Smith, Northwestern University

Munoz-Cuevas, UCSF
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Light in tissue

Excitation

Incident Image-bearing
collimated light ballistic light

Detector
(camera)

LI
Iy

French et al., 1999

Object

No scatter Scatter No scatter

Scatter

\\J/ \ 1 / \\ P
A /X 7

Fluorescence

Incident Image-bearing
collimated light

Scattered
Object diffuse light

Tissue

£ (mM-icm)

o (em-) optical window

water
100000 = "\\
10000 o \ water
1000 ~f S\ melanin p—

Vg
100 - “o / A i! W
10 - / *J\\!j\! -

1 4
\

01 \
\

100 400 700 2000 6000 A (nm)

Z Fraunhofer

1Z1

25



Extension of Basic Fluorescence

Anregungszustand

Absorption and Emission
of Radiation

Absorption

Figure 3 a Emission

Grundzustand

Jablonski Energiediagramm

2PA SHG CARS
Excited —x
state X
YAl | e v Virtual
w1 || states
A aANP
A A | |V
M AN
Ground —=
state Y \ 7

Helmchen et al,, 2005

Simultaneous absorption virtual state:
Very short lifetime ~1017 s

Requires high power: probability of
excitation in focal plane resulting in a
gquadratic dependence on the light
intensity

Z Fraunhofer
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Probability

In bright sunlight,
A molecule of rhodamine B

- absorbs one photon every second

- absorbs a photon pair every 10 million
years

- no 3-photon absorption is expected
throughout the entire age of the
universe

Z Fraunhofer
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History of Multiphoton Microscopy

=

Kaiser
1960

Goppert-Mayer
1931

Ubver Elementarakte mit zwei Quantensprimgen
Von Maria Géppert-Mayer
(Gottinger Dissertation)
(Mit 5 Figuren)

Einleitung
Der erste Teil dieser Arbeit beschiftigt sich mit dem
Zusammenwirken zweier Lichtquanten in einem Elementarakt.
Mit Hilfe der Diracschen Dispersionstheorie?) wird die Wahr-
scheinlichkeit eines dem Ramaneffekt analogen Prozesses,
namlich der Simultanemission zweier Lichtquanten, berechnet.

Denk et al., 1990

Z Fraunhofer
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Comparison of structural composition

—— Photomultipler Tube
PROLONY yingou

(:TEE | / () Dwotes | | s )

Focusing
Electrode

Figure 1 Gudpst

>
v 7 Carl Zeiss

c xy scanner Beam size Intensity
" N
Scan g 10ns 100fs
1al lens |‘_'| —-|-—
es \ Tunable
fg+fr A Time pulsed

NIR laser
(700-1,000 nm)

Tube > 8 .
lens Epicollection
- / PMT
Ob)ectl\;e Collection lens &
(o]
Specimen  ~—~Aa_ WPEF
ZEN Transcollection
Condensor =

E SHG

PMT  Helmchen et al, 2005
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2PM: Intrinsic sectioning withou pinhole aperture

Confocal Multiphoton
Microscope Microscope

DETECTOR

dichroic
mirror

scattering
tissue

Microcosm, Inc
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Focal spot multiphoton microscopy

Linear Nonlinear

e .
Multip Fluor Micr Py

Microscope —g- i
Objective

J
Long Wavelength Photons Laser
Coverslip ! — Pulses
e ————— e ——— Helmchen et al., 2005
™ - e e - Excitation Photobleaching Patterns
% : ~ ‘M ' b ’% Coverslip Photobleached Fluorophore Light Path
- o - S—
Lo o e =
(a) Confocal Microscopy (b) Multiphoton Microscopy

Figure §

. Glass Mici Slidi . .
FInes R Greatly reduces out of plain bleaching

Oheim et al., 2006
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Overview Lasers

Laser Type (Spectral Region)

Argon Fluoride Excimer (UV)
Krypton Chloride Excimer (UV)

Wavelength(s) (Nanometer  s)

Anatomy of the Helium-Neon Laser
193 Cathode  Aluminum Bore Support

222

wster

Gas  Bre
Connection  Cathode Spider  Reservoir Window

B-Aluminum
Housing

Helium Cadmium (UV, Visible) 325, 442 b -m LT
Argon (Visible) 488, 514 : T
Copper Vapor (Visible) 510, 578 Fguer s seme
Nd:YAG Frequency Doubled (Visible) 532
Helium Neon (Visible, Near IR) 543, 594, 612, 633, 1150, 3390
Gold Vapor (Visible) 628 HelitmCadrium Laser Internal G
Rhodamine 6G Dye (Visible, Tunable) 570-650 Hellum Pump  Resonator
Ruby (Visible) 694 | =
Diode Semiconductor (Visible, Near IR)  630-1600 s,
Ti:Sapphire (Visible - Near IR) 680-1130
Nd:YAG (Near IR) 1064 srovater
Erbium (Near IR) 1540
Hydrogen Fluoride (Near IR) 2600-3000 TRt Figure 6
Carbon Dioxide (Far IR) 9600, 10600
Z Fraunhofer
1Z1
Laser Types
Continuous wave laser
P average power high
() 10W
o © °
() . ( () Mean Power 1W
Time ——> t
Pulsed laser
-]
100kW|
(] L L
L
°® % o
L [ L
t
J v repetition rate in range of
T 125nsec psec/fsec fluorescence life time
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2PM: Cannot use continuous wave lasers

Pawer (W)

Spectra Physics Tsumani® Ti:Sapphire Mode-Locked Laser

GTIMirror Birefringent
Position_ Filter Position

g Fowe
and

Output
Coupler

Wirror
Output
Pasition Boral

Laser Cavity .
Folding and Focus

Mirrors(Prisms
Acousto-Optic

ot e
Modulator Output
Window

Wavelenght (nm)

0 50 a0 50 300 %0 1000 1050

A laser for two photon microscopy:

tuning range 690 to over 1050 nanometers
pulse widths ~ 100 femtoseconds
Pulse frequency 80 MHz
average power 2W
Laser Beam Divergence in the Near and Far Field

Laser i (L |

—] = L
Beam B

Near Field D;i\" ence Diamater

e . ngle (0) ZLI tan(0)
| ar F 1

Laser Beam Expander

Mounting Lens Housing
Eannder Ring
ens,

Laser Laser

Input Qutput

Fawed TR ST

Most common MP laser is mode locked titanium sapphire (Ti:S), tunable 700-1000nm
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Safety

Extended and Point Source Power Density at the Retina

Extended Light Source

Cornea Sﬁpnt Size
Micrometers
10 mm i
Lens ~ Irradiance
150 WIM
100 Watt Lamp
Frosted Glass Figure 3
Foveal
Point Light Source Region
Spot Size

1 Milliwatt Laser

2 Micrometers

" Irradiance
300 Million Wim?

Z Fraunhofer

1Z1

30



Suitable dyes for Multiphoton

Fluorochrome Absorpti Emi Fluorochrome Absorption Emission
Alexa Fluor 350 720-800 440 DiA 800-860 580
Alexa Fluor 488 720-800 515 DID 780-820 670
Alexa Fluor 546 720-840 569 DiO 780-830 510
Alexa Fluor 568 720-840 596 eCFP 800-900 476
Alexa Fluor 594 720-850 610 eGFP 820-950 509
Alexa Fluor 633 720-900 647 860-950 532
AMCA 780-800 444 Fluorescein 780 - 820 519
bis-MSB 680-750 420 Indo-1 free 690-720 490
Bodipy 900-950 512 Indo-1 Ca2+ 690-720 400
Calcium Crimson 900 615 ucifer Yellow 860-890 533
Calcium green 780-850 531 Mito Tracker red 750-840 600
Cascade Blue 750-800 420 Nile Red 810 640
Coumarin 307 780-800 530 Oregon Green 780-860 526
cy2 780-800 506 Propidium lodide (PI) 820-850 617
CY3 780 565, 615 Rhodamin B 800-840 600
CYs 780-820 670 Rhodamine 123 780-860 550
Dansyl Hydrazine 700-750 440 Sytox Green 740-760 or 880-940 | 524
DAPI, Hoechst 700-820 455, 478 TRITC 800-840 572

Zeiss

Conventional dyes have a broad excitation spectrum when excited with pulsed NIR-L

Z Fraunhofer

1Z1

Excitation probability

2
n:d@

a T—-
rf hcA

cross section = Wirkungsquerschnitt =
probability of a molecule to absorb
2 photons simultanously

MP excitation favoured when:

- large cross section

- high laser peak power

- high NA objective lens

- low wavelenght

- short puls width and repetition time

NAZ2Y)

n,: probability of excitation

8: excitation cross section

P,,: average power incident light
(peak power)

T: pulsewidth

f: repetition rate

NA: Numerical aperture

h: Planck‘s constant

c:  Speed of light

A: Wavelength

Z Fraunhofer
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Comparing confocal and multiphoton

ilumination-PSF  detection-PSF ' effective PSF

detection
pinhole

Lls)

effective PSF

2« illumination-PSF Mo detection
pinholel

@ confocal microscopy

a2 2 2|
FREATOT 6 U 0S4 AHGT0E 0 0801 0B ABI50% 0
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Maximum imaging depth

Combined electrophysiology

1

Agar Coverglass i L1
Thinned skull L2/3

Water immersion

L4

Chronic window -
Water immersion

Coverglass
L5
100 pr
Helmchen et al, 2005

Available laser power
Scattering mean-free-path
Tissue properties

- Density properties

- Microvasculature organization
- Cell-body arrangement

- Collagen / myelin content

-Specimen age

-Collection efficiency

Roth et al, 2014

Layer V pyramidal cells in the visual cortex in a 2 month old Thyl-eGFP mouse
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Summary Multi Photon Microscopy

True ,Molecular Imaging“ with single-molecule sensi tivity

Wealth of indicators capable of specific targeting (dyes, SHG, quantum dots)

um

Sub-micron resolution o
Optical sectioning in thick, turbid media and deep penetration 200
Wide variety of biological and clinical application s 00
Near IR-light scatters less and is less toxic than blue light

Limited photobleaching and photodamage in the image plane

800

More efficient light collection (better looking ima ges)

1000
Unaffected by chromatic aberrations 00y
Svoboda et al., 2006

High purchasing and operating cost of pulsed femtos econd IR lasers
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Source

http://www.microscopyu.com/
http://zeiss-campus.magnet.fsu.edu/
http://www.olympusmicro.com/

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