University of Cyprus
Biomedical Imaging and Applied Optics

MiIKpOOKOTTIO

Pwreivou Mediou (Brightfield)

2koTelvou Mediou (Darkfield)

NMoAwrTikn (Polarized)

AvTiBeong ®aoewg (Phase)

MikpookoTTio avtifeong diagopikiAg cupBoAng (DIC)
®0opiopou(Fluorescence)




Introduction

* NMwg ptTopOoUHE VA "OOUME" TA HIKPA TTPAYMOTA;

[M600 pIKPAG gival TA «TTPAYUATAY;

* MNaTi OTTTIKA HMIKPOOKOTTIKA ATTEIKOVION);

AuvaTdTnTa TTOAU WNANG €UKpivelag (onuepIvo
oplo: ~ 60 nm)

AuvatdTnTa KaBoAou 1 eAAXIOTNG £TTIOPAONG OTO
ociyua

MTTOpEi va TTpayhaTOTTOINBET XPNOIUOTTOIWVTAG £
oAoKAApou evdoyeveic TTNYEC avTiBeong A un-
TOCIKA EEWYEVEI XpwHOPOpa

MTTOpEi va TTPOCAPUOCTEI OTIC TTPODIAYPAPEC TOU
oeiyuaTog / TTpoBAAPATOC

 Epappoyég:

BaolKAEGUEAETEG JOPIAKT KAl KUTTAPIKE BloAoyia
Karavénon Twvy dIEpyaciwy KATTOIWY aoBevEIWV
‘EAgyX0 TNG AVATITUENG KAl ATTOTEAECHATIKOTNTAG
PAPHAKWYV

Aidyvwaon aoBeveiwv (kapkivog, diapBNTNG,
abnpookAfpuvon)

OepartreuTikr (AooIPeTpia, TTapakoAouBbnaon TnNG
QAVTATTOKPIONG OTN Bgpartreia)
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MIKPOOKOTTIO
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Microscope: Micro = Gk. “small” + skopien = Gk. “to look at”


http://upload.wikimedia.org/wikipedia/commons/7/74/MicroscopesOverview.svg

MiKpOoOKOTTIO
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loTopia: H TrpwTn TTEPIYPO®PN
MIKPOOPYOAVIOHWYV

 Robert Hooke

* [apampnoe dopég TG KapTToQopia TNG
uouxAag 10 1665 Kal ATAV O TTPWTOG TTOU
TTEPIEYPAYE UIKPOOPYAVIOHUOUG

* Ta ouvBeta YIKPOOKOTTIA ATAV WG ETTI TO
TAEIOTOV KAKAG TTOIGTNTOG KOl JTTOpoUcav
va peyeBuvouv povo pexpl 20-30 @opéc

« XpwuaTtikEég EkTpotTéc (Chromatic
aberrations)

* Chester More Hall,, diknyopocg, 1730
« [Mapatpnoe 611 To yuaAi flint (Trpdc@ata Qil
KATOOKEUOOUEVO YUaAi) Siaokdpie Ta LA
XPWHMATA TTOAU TTEPICCOTEPO ATTO O, TI YUOAI
crown (TTaAaIOTEPA KATAOKEUAOHEVO YUQA)
» 2yxediaoe éva oUOTNUA TTOU XPNOINOTTOINCE
éva Koido @akod diTTAa o€ Eva KupTd pakod
TTOU JTTOPOUCE VA EUBUYpANUIoEl Eava OAa
TA XPWHATA = O TTPWTOG AXPWHATIKOG
PAKOG
» O Hooke 1oxupioTnKe 0TI ATAV TTOAU

OUOKOAO VO XpNOIPOTIOINCEl TO OUVOETO
MIKPOOKOTTIO — N OpACH TOU ATAV KOKI).

Water

Speclmen
Holder




loTopia: H TrpwTn Trepiypaen KX
MIKPOOPYOVIO WV

* Antoni van Leeuwenhoek

« Eo@aApéva atrokaAeital "o
EPEUPETNG TOU UIKPOOKOTTIOU"

e Anuioupynoe €va "atrAo”
MIKPOOKOTTIO JE €va (PAKO TTOU
MTTOPOUCE VA PeyeBUVEl O€
TTEPITTOU 275X

* Anuocicuoe ox£OIa
MIKpOOpYyavIoUWYV TO 1676

* O Topéacg TNG MIKPOBIoAoyiag
dev NTav o€ B€on va
AVATITUXOEI JEXPI TTOU O
Leeuwenhoek kataokevaoe
MIKPOOKOTTIO TTOU ETTETPEYAV
OTOUG ETTIOTIMOVEC Va dOUV
OPYQVIOUOUG TTAPA TTOAU
MIKPO VIO TO YUMVO HATI.




To Mo ATTAG MIKPpOOKOTTIO

* MeygOuvTIKOG POKOG

* MeyeBuVTIKOG PaKOC (UE Eva
(PAKO) KAVEI TO AVTIKEIPEVO va
QaiveTal JEYAAUTEPO.

* O eyKEPAAOG pag eTTeCepyaleTal
TO €idDWAO oav va EpxeETal O€
euBeia ypauun, WoTe N EIKOVA
gM@aviCeTal JEYAAUTEPN

TTapddeiypua:

Simple

Magnifying
e

/ Subject




20vleTo (Compound) MIKpOOKOTTIO

* To oUVOETO HIKPOOKOTTIO XPNOIMOTTOIE]
TOUAAQXIOTOV OUO POKOUG

*  2UYKEVTPWTIKOG (condenser) ¢akog
* [Mapéxel pwTiIopo
* Audvel TNV €UKpivela

* AVTIKEIJEVIKOG (Objective) pakog

e 2xnuartiCel Eva evOlAueoo €idWAO Tou deiyuaTog
OTO UAKOG TOU CWARva
* MovTtépvol AvTiKEIPEVIKOI Pakoi
« ®akoi TTOAAQTTAWYV GTOoIXEIWV
* O apIBudS TWV QAKWY O€ £va HOVTEPVO
MIKPOOKOTTIO UTTOPEI EUKOAQ VO EETTEPATEI TOUG
20
* [lpooco@BdaAuIoC PaKOC (eyepiece or occular
lens)
» Anuioupyei éva deutepevov €idwAo (virtual image)
OTO MATI
* [ ewToavixveuTH (KAuEPQ) TTPETTEI va
xpnoluoTtroinBei évag eakog TpooAic (projection)
yia va dnuioupynoel rpayuatiko (real) €idwAo

ACHROMATIC.
(HUYGHE.NIAN Ocuum)

Axis-
Eyepiece

\
/ \
/

[ 3 /> Intermediate
I I A Focus

" Virtual (Magnified)
Image

Objective Lens

—, Sample Stage

W CROWN

iy FRANT CONDENSER

Adapted from Spitta, 3rd Edition
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20vleTo (Compound) MIKpOOKOTTIO

* O1I ONUEPIVOI AVTIKEIMEVIKOI
QaKoOI €ival, WG ETTi TO
TTAEiOTOV, EOTIOOMEVOI OTO
arreipo (infinity corrected)

O1 akTiveg Byaivouv
TTAPAAANAQ a1Td TOV PAKO
ATrelpo PRkog cwAnva
Xpeladetal emTpO00eTOC
PAKOC OTOV CWARVA yia va
OnMIoUPYNOEl TO EVOIAUECO
€idwAO0

* MpoTtepApara

Ol avTIKEIPJEVIKOI paKOi gival
M0 ATTAOI

H otrTikr) diadpoun €ivai
TTapAaAANAn diauéoou GAou
TOU MIKPOOKOTTIOU

2TOIXEiO Ta OTTOIO
eicayovtal otn dladpoun
dev eTnpealouv TNV
€aTiaon TNG €IKOVAG

A B C
Real intermediate
image plane
] .
i .‘l\ .'|'.
.'I Positive ) ‘.. Ik
:i telan lens ! l ) Tube lens Hiy
1
i h 1 \ 1 '
:!: \ ] |‘ \ g D >
: : ' 1 |
[t | 1
Reflector, E ! Reflector, : ' ‘ '
filter, or :. filter, or Bflodtor ‘ "
compensator compensator Gl of ' \ :
il 1
h compensator :
| Negative |
telan lens |
Objective Objective Objective
Specimen

FINITE FINITE INFINITE

Benefits of infinity correction.

(A) Insertion of reflector or filter causes lateral and axial shift.

(B) Two telan lenses generate infinity space to eliminate the shift
(C) Objective directly provides infinity space



20vleTo (Compound) MIKpOOKOTTIO

O1rTik Anuioupyia Eikévag:. Baoikég apxég

[ Xo, | .
@) F1 Cl| T F2
S, ;.
-- .:;::\'\..
Fig. 20. Formation of real image i
A A
i _ 1 n 1 F=eomiakny atrootaon (focal length)
f S S S,=aT1T00TA0N TOU AVTIKEIJEVOU ATTO TOV POKO
0 l S;=amoéoTaan Tou €1I0WAOU ATTO TOV PAKO
M — s M=pey£6uvon (magnification)
S X Xo=Qa1Té0TACN AVTIKEIUEVOU ATTO TNV TTIOW £CTIA TOU (PAKOU
0 0 - TTPOCNUO YIATI N €IKOVA gival avTiIoTpaupEvn (inverted)
fy f
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20vleTo (Compound) MIKpOOKOTTIO

Eyepiece

Tube lens

(Zeiss: f=164.5mm)

Objective

M _—250mm — Fruve " 250mm
fOthecTive %5%’“ nyepiece
........... o
...... frube 250mm
M — "t >
%bjecfive -FEyepiece
\ 4 \ 4

MCompoundMicr'oscope = AAObjecﬁve X MEyepiece

11



. , ¥, &
>0vOeto (Compound) Mikpookdtrio %4

Ocular lens
Remagnifies the image formed

Line of
by the objective lens %vision

Body

Transmits the image from the
objective lens to the ocular lens
using prisms

Arm == — Path of light

Objective lenses
Primary lenses that
magnify the specimen

Stage
Holds the microscope

slide in position l%?‘fecstwe
Condenser
Focuses light Specimen
through specimen
Diaphragm

Condenser
Controls the amount of lenses

light entering the condenser

IHNluminator
Light source

Coarse focusing knob
Moves the stage up and
down to focus the image

Fine focusing knob

Base
(a) (b)

Copyright © 2006 Pearson Education, Inc., publishing as Benjamin Cummings.

http://academic.pgcc.edu/~kroberts/Lecture/Chapter%204/04-04_CompoundLM_L.jpg 12



20vleTo (Compound) MIKpOOKOTTIO

Op0Oio (Upright) Aveotpappévo (Inverted) XEtépeo (Stereo)
UIKPOGKOTLO UIKPOGKOTLO UIKPOGKOTIO

13
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20vleTo (Compound) MIKpOOKOTTIO

p -~i‘ >
Split-image comparison of firing pin
imprints in coaxial incident light

>vykpione (Comparison)
(“CSI”’) pikpooKoOmIo

14



O1rTikN Eukpivela (Optical Resolution) A‘"'A[

* Ap1OunTIKé Avolyua
(Numerical aperture - NA)
EVOG (POKOU

H ikavoTnTa va OUAAEYEL QWG
Kal va OIOKPIVEI AETTITOUEPEIEG
TOU OEiyNaTOG 0€ OTABEPN
ammoéoTaon
NA=n*sina
* n=0¢eikTN¢ d1aBAaong Tou
MEOOU
* a=pION YWVia TOU KWVOoU
OUAAOYNG pWTOG
[Na ouykekpiyévo NA kai
OIAUETPO = 600 N peyEBuvon
aucaveTal, n aTéoTaon
epyaciag (working distance),
OnA. n arréotaon armd Tn PuUTn
TOU QVTIKEIMEVIKOU (POKOU
MEXPI TO OEiyua, MEILVETAI

N SN

N.A. = B.75 N.A. = 1.28 N.A. = 1.28

Numerical Aperture NA = n+sini

(@) o.=7° NA=0.12
(b) ot = 20° NA = 0.34
(c) 0. = 60° NA = 0.87

(a)

15



O1rTikN Eukpivela (Optical Resolution) A‘"'A[

Airy Discs

* EuKpivela evog oTrTIKOU
MIKPOOKOTTIOU m

* H uikpdTEPN atrOéCTACN METALU o ® @
OUO onueiwv Tou dEiyuaTog Ta Uﬁ
oTroia dlakpivovTal WG

ﬁﬁxw p|0 T(’] 0) r] M £|’G (]Tl'(') TOV Intensity Distributions

Airy Patterns and the Limit of Resolution

TapatnENTA N TNV KAUEPQ. Resolution _—
« Eukpivela evog 18avikoU resonca, 0 M & Ay
OTITIKOU CUCTAMATOC | \Q. L Sk e
) - ’/
. S = ®..a" S
OQewpnTiKG d = A/2 ® e .' ®
* MepiopileTal amod T e \ / e ®
mepibAaon (diffraction) = Spatitns’e

dnuIoupyia Evraong dioKou
Airy 0Tav 10 Qw¢ £oTiAleTal O€
EVa onueio

3';0=n:egslongl
oin rea E
Funclon Figure 1

http://mww.olympusfluoview.com/java/resolution3d/index.html
. o ) . . . 16
http://mww.microscopyu.com/tutorials/java/imageformation/airyna/index.html



OtmrTikn Eukpivela (Optical Resolution)

« 2uvaptnon AiacTropdg
2nueiou (Point Spread
Function — PSF)

e 2UMBOAA TwV TTEPIBAOPEVWYV
QKTIVWV
« Evioyutiki (constructive) n

KATAOTPETTITIKNA (destructive)
—> OaKTUAIOI CUUPBOAAG

* H yaBnuaTtiki TTEPIYPAPL TOU
@aivouévou gival n PSF
« H dopn NG TTEPIBAAONG pIag
ONMEIaKNG TTNyNg wTtog
» KevTpIikOg KUKAOG Kal
TTEPIPEPIKOI DAKTUAIOI
* H améoTtaon amd 1o KEVTPO
MEXP! TO TTPWTO EAAXIOTO
€CAPTATE ATTO TO APIOUNTIKO
(NA) Gvoiyua Tou gpakou

~ Point source

Objective lens

Converging rays

Image formation by
an objective lens

17



OtmrTikn Eukpivela (Optical Resolution)

* Aiokog Airy o€ 2D kai 3D

Axial Intensity Distribution

.,t
r/

Axial resolution

Lateral resolution
d —122 2%
NA

lat



OtmrTikn Eukpivela (Optical Resolution)

Eukpiveia

MIKpOTEPO PAKOG KUMATOC Kal

MEYaAUTEPO NA - KOAUTEPN EUKPIVEIQ
[a ouvnOn OTITIKA PIKPOOKOTTIA N

8)\GXIO'TI’] £UKpIV£IG OoT0 OpIO L[S

TTePiOAaonc (diffraction limited) ivai

NG TAgNG Twv 200 Nnm

NMwg BeATIWVETAI;

XpRon CUYKEVTPWTIKOU (condenser)

MeyaAuTtepo NA (@akoi, uypo
kataduong (immersion fluid))

MikpOTEPO A

QaKou

D =1.22 A/ (NAobj. + NAcond.)
[MNa 1.3 NA avTIKEIJEVIKO Kal

OUYKEVTPWTIKO, TO D peiwveTal ota

~250 nm

Mapadciypara

10 x, 0.3 NA
60 x, 1.3 N.A.

d

A

AN

lat - 1.22 dax = 4
N'Abbj + NA:ond

(N'Abbj + NA:ond )2

10 x, 0.3 NA objective at 530 nm light ,

10x Eyepiece

M =M, M., =10x10=100
d =1.22>20"M 4 58um
0.3+0.3
=420 5 89,m

(0.3+0.3)

60 x, 1.3 N.A. objective at 530 nm light,

10x Eyepiece

M =M, M,,, = 60x10 =600
d =1.22>9" _ 548 70m
1.3+1.3
d, =4—>0"M 313 6nm

(1.3+1.3)

19



XapaKTNPIOTIKA AVTIKEINEVIKOU DaKOU

60x Plan Apochromat Objective

/‘\ Nosepiece
! Mounting

Thread

Aberration
Correction

Manufacturer, /[

Flat-Field
Correction

Lateral
Magnification

Numerical
Aperture

Immersion
Medium

Working

Specialized
Optical
Properties

Tube Length Distance
Mgglniﬂ(c:at(i’on
olor Code
Coverslip
Spring-Loaded
Thickness pRetgactlon
Stopper

20
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I 4 r ‘
XopaKTNEIOTIKA AVTIKEINEVIKOU PaKou &

* EAaiokatdaduon (oil immersion)
« Atmapaitntn yia peyaia NA

Images reproduced from: http://micro.magnet.fsu.edu/
Please go to this site and do the tutorials 21



http://micro.magnet.fsu.edu/
http://micro.magnet.fsu.edu/
http://micro.magnet.fsu.edu/

XapaKTNPIOTIKA AVTIKEINEVIKOU DaKOU

« Z@aApata(Aberrations)
* 2QAIPIKA 2PAaAuara
(Spherical aberration)
* Ta 1o coBapd
* YypoO Kataduong
(Immersion fluid)

e Kautruhotnra lNMediou
(Field curvature)

* XPWHATIKO ZPAAua
(Chromatic aberration)

* AOTIYMOTIONOG
(Astigmatism), Koun
(coma)

 http://micro.magnet.fsu.ed

Achromats

Most common
Lowest price

Poorly corrected, bad
for demanding
applications.

Fluorites or Semi Plan
Apochromats

Mid-grade lenses, better
correction, flat field.

Plan Apochromats

Best grade, most
expensive (>$3,000 for
some) , very well
corrected.

u/primer/lightandcolor/opti

calaberrations.html

22



http://micro.magnet.fsu.edu/primer/lightandcolor/opticalaberrations.html
http://micro.magnet.fsu.edu/primer/lightandcolor/opticalaberrations.html
http://micro.magnet.fsu.edu/primer/lightandcolor/opticalaberrations.html

Kupiec Aladpopéc Pwtodc A"a[

Conjugate Planes in the Optical Microscope
* QwTiopou (lllumination)

« KUpIoG 2T1OX0G:

Field or Image Forming
Conjugate Planes

Aperture or llluminating

OMOIOPOPEPOC PWTIOHUOC Retina opaope Conjugate Planes
TOU OEfyHATOC mage (Eyepoint) Microscope

Exit Pu

(Eyepoint)

« Atreikoviong (Imaging)
« KuUplog 210)0C¢:

Photo Eyepiece _Lamp
Fixed Dlayp ragm Fllament

Aperture

, , Diaphragm
onuioupyia eldwWAoU ToU Gvesisns =
SEiYUATOC ME EAAXIOTN Giapheagi
TTAPANOPPWON
(distortion), peyaAn Rear Focal
aTTOdOTIKATNTA OTN Siaiaan
guAOYR QWTAC Kal WNAA Plane
8UKin€IG Condenser

Aperture
Diaphragm
Figure 1 ' = Filament

Fleld Diaphragm



KUpiec A1adpopéc PwToC

0
8
N

[

* PwTiIon6g Kohler
* Anuioupyei £va
OMOIOHUOPPA PWTICHEVO
Tedio evw QWTICEl TO
Ociyua e Eva eupu
KWVO QWTOG
« AnuioupyouvTtal dUo
ouluyn TTiTreda
£IKOVOC (conjugate
Image planes)
* To &va TTEPIEXEI TO
gidwAo ToUu dEiyuaTOC
* To GANO TTEPIEXEI TO
VAMA TNG TINYAG QWTOG

A

04 Final image

Heal

03 intermediate

01

image

Apparent
location of
virtual image

A

TRANSMITTED LIGHT OPTICAL SYSTEM

— Eye —

— —) — diaphragm —
of ayepiece

— Objective —
— Specimen —
— Condenser —

— Condenser —
aperture
diaphragm

Field
— > — diaphragm —

> — Collector —

— Light source —

IMAGING RAY PATH

-
yepiece
l Field of view

Exit pupil
of microscope

A

Exit pupll
of objective

ILLUMINATING RAY PATH
24
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KUpiec A1adpopéc PwToC

0
8
N

[

* AlatrepaTOC PWTIOHOGS N
Ala@avookotrnon (Trans-
Hlumination)

 AIG@PAYHO ZUYKEVTPWTIKOU
(Condenser aperture):

Etrnpeddel To NA TOU

OUYKEVTPWTIKOU (pakou —>
EUKpPIVEIQ

« Aiagppaypa MNediou
(Field diaphragm): Etrnpeadel
TO MEYEDOC TOU TTEDIOU TTOU
QWTICETAI OTO EOTIAKO ETTITTEQO

Conjugate Planes in the Optical Microscope

IHlumination Ima e-Forming
Light path - ght Path
m
fr— Lens ln JR—
Plane Camera @
System
Image

Plane

Eyepoint

intermediate

13

_._-v__‘ 3 m——

_ A Image Plane
i b Eyepiece
== ?pi%ce
Ob ective an I xe
I Rear Focal [f Diaphram
1 Plane ﬂ
g — .]‘ 3
Objective——"100" ‘
Speclmen
‘ Slide | . Specimen
. Plane
@ ' ”!I — Substage
Condenser Condenser
ey Aperuure N
\ Field

Diaphragm Figure 2



KUpiec A1adpopéc PwToC

* MpooTritTrrov PwTIoCH6G
(Epi-tllumination)

« Aldppayua AvoiypaTtog
(Aperture diaphragm):
Etrnpeddel To NA TOU
QVTIKEIMEVIKOU (PAKOU OTO
PWTIOUO > EUKpIvEIa

 Aidgpaypua MNediou
(Field diaphragm):
Etrnpeddel To pEyebocg Tou
Tediou TTou QWTICETAI OTO
EOTIOKO ETTITTEOO

Conjugate Planes in the Incident Light Optical System

Ima e-Forming

ght Path R
Field
Lamp Diaphragm
Filament . x
3 N ' A i
| ' | ,' Intelrmediate
s Field = Y @ Plane
ens |
Aperture Specimen
Diaphragm Ob]ective- | Plane
Specimen~- —
lllumination -
Light Path .
@ Eyepiece_»
Field Eyepoint
Lam
Fila gnt ELerl.g 3 Dlaphragm
Mirror
—Block
Aperture
- bjective
Diaphragm °°’°°“"e , Rear Focal
Figure 6 el

Specimen -



0 Units 50 Unit

=0 10

_ Brightness of Specimen-Brightness of Background
max(Brightness of Specimen,Brightness of Background)

1 =0G/0— 09
0=09/09 — 09



3
AvTifgon A"A[

* IkavoTNTa VO §EXWPIJOUV TO AVTIKEINEVO Sl g Rl I
a1 TO POVTO SR T e
*  XapaKTNPIOTIKA TOU OEIYUATOG TTOU P¥ nag Mo L s
TTPOKAAOUV : | WG Wid g A5
« AMN\ayéc omn ewTevotnTa (brightness) ) Sl bt ¢t 5o
«  ANQYEC OTO XPWHQ 3 , : P oot SRR |

» [lpoépyxovtal armrd

* Atmoppdpnon, avakAaorn, okEdaon,
TEPIBAaON

»  XwpIKES HETOBOAEC TOU OeikTn dIGBAAON
« AimmAf) AidBAaon (Birefringence)

* OBopIoudS Kal AAAA OXETIKA OTTTIKA
Qaivopeva

* MTtropei va BeATIWOEI pe XpWOTIKEG (Stains)

» To dciyua TpétTel va BuolaoTei >
MoviyoTtroinon (fixation), Tour (sectioning)
Kal xpwon (staining)

*  AIGQOPEC XPWOTIKEG =2 XpwHaTi(ouv
OIA@OPETIKA KUTTAPA/KUTTAPIKEG OOMEG HE
OIAPOPETIKO Xpwua

* Avoooiotoxnueia (Immunohistochemistry)
- Xpwaon Pe Bonbeia avTiowPaTwyv




AvTiBeon

 H avTiBeon ptropsei va
BeATIWOEI pe d1d@oOpPEGS
TEXVIKEG
QWTIOHOU/ATTEIKOVIONG

dwTelvou lMediou
(Brightfield)

2 KoTelvou lMediou
(Darkfield)

[MoAwTikr) (Polarized)

AvTiBeonc daocewg (Phase
Contrast)

AvTiBeonc d1agpopIkng
oupuBoAnc (DIC)
®Bopiopou(Fluorescence)

bright field
closed condenser
dark ground
DIC
Feulgen
fluorescence.
interference
negative
phase contrast
polarized
silver

29



MikpookoTtria @wTeivou Mediou KX
(Brightfield) [

Eye
* O 110 a1TAOGG TUTTOG NIKPOOKOTTIOG

* QuwTiIopoC TTaVTOU OTO d€iyua Ocular lens
KAVOVTAG TO TTEQI0 PWTEIVO

* Ta dciyparta aroppoPouyV N
d106A0oUV TO WG EKTOC TTEdIOU >
OKOTEIVA 1 XPWHATIOTA OVTIKEIPEVA Bhiective leis
O€ QWTEIVO YOVTO

* H avtiBeon TpoépxeTal KUpiwg < Specimen
a1ré atmroppoPnon

* Ta BioAoyika dciyuata dev
ATTOPPOPOUV TTOAU £K TOU QUOIKOU
TOUG

* XPAON XPWOTIKWYVY TTOU ATTAITEI
MovigoTroinon, on. Ta KUTTapa dev
gival ma {wvtava

—  Condenser lens

« ZuvnBiopyévn XpRon otTnv Blood cells
IoToTTaBoAoyia Kal aigaToAoyia
Kal BAOIKEG EMIOTAPEG OTTOU SV .
gival SWTIKNG onpaociag Ta : % 6

KUTTGpG va givail Z(.UVTGVG




MikpookoTria ZKoTelvou [Nediou
(Darkfield)

Eye
2& QWTIONO OKOTEIVOU TTEdiou

« Qwc £¢w atrd 1o TTEDIO dEV Golsrisn
(PTAVEI OTOV QVTIKEIMEVIKO QPAKO
—> 10 TTEIO0 Eival OKOTEIVO

* ToO QWG TTOU TTEPVA ATTO TO Only light reflected
Seiypa aAAddel kateBuvon Kal e b o
s s , captured by the
QPTAVEI OTOV AVTIKEIMEVIKO (PAKO objective lens
* To d¢eiyPa gival pwTeIve o¢ Specimen URFeEGe Ight

OKOTEIVO POVTO —> TTIO
8U6IGKp|TO Condenser lens———

 XpAoIuN yia digpeuvnon Opaque disk
o ZWVTAVWYVY MIKPO-OpYAVIOUWV
° - " Light
MIKQO OpVGVIGIJwV (,)-Toug Brlghtfeld objective 10x - Darkfield, objective 10x
OTTOioUG OEV UTTOPOUV Va 20 ..
£QPAPMOOTOUV OUVNOEIC (&’ b 52 5
XPUWOEIG » Q’sﬁ %,
« Treponema pallidum, TToU '
TTPOKOAEI GUPIAN




MikpookoTria NMNoAwpéEévou PwToC
(Polarized)

« To Seiypa TOTTOBETEITO AVANETQ Eye

o€ 2 ToAwWTEG (polarizers)

« Ortav ol TTOAWTEG €ival KaBeTol, Ocular lens
MOVO Ta OgiyuaTa TTou
TTEPIOTPEPOUV TNV TTOAWON Ba
(PTACOUV OTOV QVIXVEUTN @ Polarizer , (Analyzer)
* Eival opaté povo 10 pwg 10
OTTOIO TTPOEPXETAI ATTO UAIKA
OITTANG 01aBAaaong (birefringent) Objective lens
r] aTTO TIC AKPEC TOU OEIYUATOC
(“edge birefringence”)

« Moiadel Aiyo pe TNV 2KOTEIVOU 4 Spect
Mediou (Darkfield) BRI

« [IAdka kupaTo¢ (Wave plate)

TTPOCBETEI XpWHA Condenser lens
* ESapTaTal amo Tov _
TTpooavaToAiopo (orientation) @ Polarizer ,

e [pappIkn TTOAWON
Light
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MikpookoTria NMNoAwpéEévou PwToC
(Polarized)

Background k=
Birefringent %
Material =
5
-
(@)
g
©
]
N
ks
T
Photomicrografy under polarized microscopy.
— Parallel collagen fibers between the implant
Color of sample E _surface (white arrows). ?I)bllque fibers in
and background " direction to bone creosé (yellow arrows). Bar -
modified by = >00um
o

wave plate
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MikpookoTria AvTtifeong ®daong
(Phase Contrast)

* H mpwTtn péBodog
MIKPOOKOTTIOG N OTroid
ETTETPEYE TNV ATTEIKOVION
(WVTAOVWYV KUTTAPWYV O€ dpaon

Bpafeio NoutreA Puoiknc
aTTOVEUNONKE OTOV K. Frits
Zernike 10 1953 yia Tnv
avakaAuyn tng

BeATiwvel Tnv avtiBeon o¢
dlagavr) Kal Axpwua
QVTIKEIMEVA TTOU £TTNPEAlOUV
TNV OTITIKA d1AdPOUI TOU QWTOC
ExpeTAAAEUETAI TO YEYOVOGS OTI
TO WG TTOU DIEPYXETAI ATTO TO
dciypa Tagidevel o apyd atrd
TIC AAAEG AKTIVEC PWTOC, dNAQON
N ®Aon JeTaToTTiCETAI

|

|

|

I Pl

191 14
|
|
RERE
B |
<><

Living Cells in Brightfield and Phase Contrast

E a7 e

(a)



MikpookoTia AvTiBeong ®dong KX
(Phase Contrast) [

Eye

* QWTIONOG ATTO CUYKEVTPWTIKO (3)
(condenser) dakTUAlo @aong (phase
Ring) (“0” Tagng) (1)
e 2UVOUACLETAI UE TOV QVTIKEIMEVIKO _
SakTUAIO pAong Phase Ring

* AVTIKEINEVIKOG AaKTUAIOG Pdong (2) ‘
* Q) e€aoBevei TIC UN-TTEPIBAWUEVEC
aKTiveG ONG TagnNg (KOKKIVEQ) -
* b) pyetatotricel TN @Aaon Ya A utrpooTd
» AKTiVEG £TTNPEAOMEVEG ATTO TO OEiypa

— Qcular lens

Diffraction plate  (2)

Undiffracted light
(unaltered by specimen)

— Objective lens
Refracted or diffracted

(pTTAE) o , light (altered by
* Aev TTEPVOUV PJEOQ QTTO TOV ~ specimen)
QVTIKEIYEVIKO OOKTUAIO PAONG ' \
«  >% A KaBuoTépnon Specimen

 O1 TrepIOAOpEVES Kal uN-TrEPIOAGpEVEg Annular Ring
OKTIVEG EO0TIAlOVTAI OTNV EVOIANEDN
gIKova (3)
*  2UMPOAR PETACU TOUG
o YatVa= "2 N UETABOAN
« KartaoTpetrTikr (destructive) cuupoAnl =2

Ol AETTTOMEPEIEG TOU dEIYMOATOG PpaivovTal Light
OKOTEIVEC

— Condenser lens

i

=— Annular diaphragm (1)

35



MikpookoTria AvTtifeong ®daong

(Phase Contrast)

S (KOKKIVO) TO WG TTOU TTEPVA
aT1TO TO HEOOV YUPW ATTO TO
Ociyua
D (MTTAE) TO WG TTOU
AaAANAETTIOPAG uE TO OEiyua
H cupBoAn S kai D ocuvrBwcg divel
P (TTpaaoivo)

* AUTO TTOU OUVABWC PETPOUNE

To P €xel dlagopd @aong wg ;
TTPOG TO S
* Ta pama pag dgv PTropouv va
douv diapopa eaong
. r Phase
AUTO TTOU OUCIAOTIKA KAVEL N Plates

MIKPOOKOTTIO avTiBeong ¢aong
gival va yeTarpEWel Tn diapopa
@Aaong o€ dlaPopa Evraong TNV
OTTOi0 UTTOPOUME VE NETPIOOUME

)

—Amplitude =~

— Phase ——»

1 Phase plate

Negative




MikpookoTria avTi@eong 510@opIKAG CUNBOARE,
Differential Interference Contrast (DIC) [

* Metarpétrel Tig AIAOOPEZ @dong
Olapéoou TOU OEiyHaTOG O€
O1a@opEG EVTAaoNG TOU PWTOG

» Qaivovral cav 3d

« MrTopei va yivel Kal EyXpwun HE
KQTTOIEC JETATPOTTEG

* EuaiocBntn otnv kateuBuvaon Tou
OEIYMATOC =2 Ol MIKPEC AETITOMEPEIEC
TIPETTEI VA €ival KABETEC OTO TTpicUA
DIC

« ZwvTa OEiyHaTa, XWPIGC XPWOTIKEG
OUCIiEG

* MeydAn avtifeon kal ynAn
EUKpivela

* Agv €XEI KATTOIOUG OTTO TOUG
TTEPIOPIOPOUG TNG MIKPOOKOTTIAG
avTiBeon edong

« XpnoiuoTtrolei Ao To NA Tou pakou
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X

MikpookoTria avTi@eong S1a@opikng cupBOAng, <
Differential Interference Contrast (DIC) .

s
t
a

. : e Eye
 Mpiocpa “Nomarski-modified
Wollaston”
. ) Ocular lens
* Mia TToOAWUEVN OKTIiVA JE
ywvia 45° w¢ Tpog To TIpiopa, (\V) Polarizer , (Analyzer)
6|ax_wp|C£Ta| G€ TOKTIKN ® Wollaston Prism
(ordinary) Kai EKTOKTN
(extraordinary) akTiva Objective lens
Specimen

Condenser lens

Light
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MikpooKoTTia avTifeong d1a@popIKNS CUUBOANG
Differential Interference Contrast (DIC)

* Al0dpounR TOU PWTOG Eye

1.
2.

3.

Mn-TTOAWPEVO QUG 2> TTOAWVETAI O€ 45°,
[MpwTo lMNpioua - diaxwpileTal o€ 2
TTOAWMEVEG KABEeTEC (90°) aKTiVES Ocular lens
ZUYKEVTPWTIKGG Pakog > EoTiddel o€
armooTaon ~ 0.2 ym diagopa UeTO“C’U,TOUC ® Polarizer , (Analyzer)
(TTEPITTOU N EUKPIVEIQ TOU PIKPOOKOTTIOU)
[Tepvouv aTTO TTAPAKEIUMEVES TTEPIOXEC TOU Q Wollaston Prism  (5)
OciyuaTog =2 dIAQOPETIKA unKn dIadpPOoNNng
OTTOU Ol TTEPIOXEC DIAPEPOUV WG TTPOG OEIKTN Obijective lens
d1a6Aaong ) TTaxog = dla@opA OTN OXETIKN
TOUG Aon

* [ToAAG Ceuyn akTivwyv = 0AOGKANPN N €IKOva

Kal oTig 0° kal oTig 90° TTéAwonN Specimen (4)

e 20V OUO EIKOVEG MIKPOOKOTTIOG QWTEIVOU
TTEdIOU PE PO PIKPH aTTOKAION N HIa aTTO TNV

GAAN (3)

. AguTtepo MNpioua = o1 akTiveg Condenser lens

avaouvoiddovTal o€ TTOAwon 135° - _
oupBoAR (interference) = evioXuTIKA 1 Q Wollaston Prism  (2)

KOTOOTPOYIKY) CUMBOAR avaAoya ue TN : 1
S1agpopd eAoNg (Kai S1aBPOIS) (/) Polarizer (1)

« Mrropei va puBuioTei woTe n diagopd paong 0 .
va €ival KATOOTPOPIKN Light
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MikpookoTria avri@eong 510@popIkAG CUPBOARE,

Differential Interference Contrast (DIC) [
Wavefronts in DIC Microscopy Eye
Transmitted Polarizer
~ s (Analyzer)
Axis
Ocular lens
ng.!?&t::l : — \S;nv: omm?s ® Polarizer , (Analyzer)
' ' ' ® Wollaston Prism
Objective lens
Phase Specimen

Figure7 @ () (©) giecimen

Specimen Optical Path Difference and DIC Amplitude Profile
Shear Axis Erythrocyte Optical | | Amplitude ~ 4OPD Condenser lens
- dx

ath erence
- OPD (nm)
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MikpookoTria avTi@eong S10QopIKAG CUMBOARE, <%
Differential Interference Contrast (DIC) (DIC)

v
Nl LUV,
Qs .
y \ y
2%t J.
-~
~ .

Live-Cell Digital Video Imaging
Albino Swiss Mouse
Embryo Fibroblast Cells
N(3T3 Cell Ling)i

{

Differential lr{terfeféh(;qq.t’?i

»

The 3T3 cell line is an important fibroblast culture, widely utilized in laboratory research,
which was established from disaggregated tissue of an albino Swiss mouse. The fact
that 3T3 cells could apparently grow indefinitely, while being unable to instigate tumor
growth, helped scientists delineate for the first time the differences between cell
mortality and a cell's ability to undergo oncogenic transformation.

http://www.microscopyu.com/moviegallery/livecellimaging/3t3/index.html
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2Uykpion Phase-Contrast kai DIC A‘"'A[

Phase-Contrast DIC
* BaoileTal OTIC KUMATIKES * BaoileTal o€ d1a@oOpEG OEIKTN
1I010TNTEG TOU PWTOG 01a6Aaong Kal TTaxoug
 Mia O€oun atrd AKTIVEG * XpnoiyoTrolgi 2 OEOUES
atrevBeiag Kail pia OKTIVWV
OVOKAWMEVN

* YnAoTEPN EUKpPIVEIQ
* MITOpPEI VO ATTEIKOVIOEI TV
ECWTEPIKA OO CWVTWV

MIKPO-OPYOVIOCHWYV * H eikéva poiadel oxedov 3d

* EIKOVEG pE EvTOVA XpWHATA

* EIKOveg o€ KAipaka Tou
YKpidou
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MikpookoTria POopiououU

* NMporepRuara ®POopicuOU
* [loAU guaioBntn péEBodOC

* ATAA gpapuoyn
*  ECaipeTika eCeAiyuévol O€ikTeC BOopIoUOU (PBopOoPOPQ)

« ®Bopobdpa (Fluorophores)

*  DBopifouoeg XPWOTIKEG OUTIEG TTOU CUCCWPEUOVTAI O€
O1apopa péPN Tou KUTTAPIKA 1 €ival euaioBbnTeg oTo pH,
OI0@OPEG IOVTWY, KATT

* Avmiowuata pe @Bopifouca onpavon (fluorescently
tagged) 1ToU TTPOCOEVOVTAl O€ OUYKEKPIUEVA KUTTAPIKA
XAPOKTNPIOTIKA

»  ®BopiCoucec TTPWTEIVEC TTOU EKPPALOVTAI EVOOYEVWIG

* [lpaypaTik@ evOOYEVEIGQ
*  NADH/FAD: évCuua 1Tou euTTAéKOVTOI OTN TTapaywyn ATP
» Aopikég Mpwreiveg: collagen/elastin
* Auivo&éa: tryptophan/tyrosine
*  MeTtd atrd yovidiakr) TPOTTOTToIiNoN
+ Oikoyévela Tng Green fluorescent protein

* MéBodoi
« OAeg o1 yéBodol PBopIoHOU PTTOPOUV VA EQAPPOCTOUV
(FLIM, FRAP, FRET, TIRF, etc)

green light

blue ||-;|h1: nucleus
/ ;tnplasm

ﬂunrescent cell, zeen from
marker the zide
cytoplazm
nuc||eu5 A
- A —
target antibady,
molecule in recognizing
the nucleus the zpecific

target molecule

.J_’-l

. iii _f\j\)gfc

antibadies coupled
with flucrescent markers
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MikpookoTria ®BopicpuouU

Eye

* AlI0OPOURA TOU PWTOG

Qwc¢ atrd TNV TNy HECW TOU
OUYKEVTPWTIKOU (PaKOU TTEPVA
atrd £va QiATpo dIEyEpong Evcitation
(excitation filter) = otevn Filter

dwvn 0IEyepOoNG

Light
A1XpOIKO KATOTITPO KATEUOUVEI
TO QWG OIEYyEPONC OTO dEiyua
AvakAaon, okEdaaon Kai Condenser
@BopIouOC aTTo TO dOEiyua Lens

To JIXPOIKO KATOTITPO QPN VEI
va TTEPACEl JOVO O POOPIoHOS
®iAtpo ExktToutic (Emission
Filter) = {wvn €KTTOUTIAG

Ocular
Lens

Emission
Filter

Dichroic
Mirror

Objective
Lens

Specimen
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MikpookoTria POopiououU

0
8
N

[

Digital
Camera
Systems

w. .. Epi-Fluorescence
s : Lamphouse

Epi-Fluorescence
Microscope

Observation
Tubes

Fluorescence Emission
Fluorescence

Filters

Barrier
(Emission)
Filter

el

Threaded
Retaining
Ring

Eyepiece
Filter —=23
Turret .

UV Shield ~
Objective — |
Stage

Condenser

Field
Diaphragm s
Base—
. » Halogen
Figure 1 Filters CTE,::;M Lamphgouse

Dichromatic
(Beamsplitter) Incoming
Mirror Light Waves

Figure 2
Optical Block

(Filter Cube) Excitation Filter

Dichroic filter: reflects excitation
and transmits fluorescence

http://www.microscopyu.com/articles/fluorescence/fluorescenceintro.htmil 45



MikpookoTria POopiououU

Zeiss

* 2UVHBwg dev XpNOIMOTTOIOUVTAI
TNYEG AéiCep
« Auyvieg Tocou (Arc lamps)
Mercury kal Xenon

* Eubuypappion Tng nyng
PWTOG
* ToO HIKPOOKOTTIO POOpPICUOU
TTPOCTTITITOVTOG OKTIVOBOAIQG
(epi-fluorescence) poladler pe
MIKPOOKOTTIO AVOKAWMEVOU
PWTOG
* To 16¢0 TNG Auxviag
ATTEIKOVICETAI OTO TTIOW £0TIAKO
ETTITTEO0 TOU AVTIKEIPEVIKOU
PaKou
* 1davika TTPETTEI MOAIC va YeUICEl
TO TTiow Avoiyua (Koehler
illumination)

HBO 50/100
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MikpookoTria POopiououU

* Aixpoiké KartoTrtpo

AvakAa 1n Cwvn dlEyepon
Aopnvel va trepacel n (wvn
EKTTOMTIAG

Xpelaletal arOTOUN ATTOKOTIN
(cut-off)

* ETiAoyn QiATpwv

Eupudwvika ®iATpa - o
evrovn O1Eyepan, AMiyoTepn
avtifeon (uTTopei va Oleyeipel
TTEPIOCOTEPO AUTOPOOPICHO)

QiATpa ZTevig Zwvng >
AIyOTEPO oA, KAAUTEPN
avTiBeon

2NuUeiwon: To uar

QVTATTOKPIVETAI OTNV avTiBeon
OAAQ Ol QVIXVEUTEC OTO ONUA

1

1

Transmittance (%)

00 =

BP 530-550

Wavelength
U-MNG Cube

00 7 BA 515-550
N

»
o
1

o
1

T T
350 400 450 500 550 600 650nm
(b)

350 400 450 500 550 600 650nm

Wavelength
U-MWIBBP Cube

(@
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MikpookoTria POopiououU (

* Multi-band Imaging 1.0

« Image (simultaneously or e
sequentially) the same sample at
different excitation emission
wavelengths

« Look at different cell components

0.6

0.4

Transmittance

0.2

0.0

400 500 600 700 800 900
Wavelength [nm]

« Example

 Cell nucleus stained with blue
Hoechst dye

 Mitochondria stained with
Mitotracker red

 Actin cytoskeleton stained with
phalloidin derivative conjugated
to Alexa 488 (green)
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Meplopiocpoi MikpookoTtriag PBopIcuOU

* Photobleaching
« Often limits the number of exposures or the exposure time

Photobleaching Rates in Multiply Stained Specimens

(d) (e)

Figure 4 0

Photobleaching is the irreversible photochemical destruction of the fluorescent chromophores
49



Meplopiopoi MikpookoTtriag POopIcCHOU N

[

« Autofluorescence
» Autofluorescence can be present in the images

« Image at narrow band or use NIR excitation to minimize this effect (NIR
exogenous fluorophores)

Endogenous Fluorophores
* amino acids

Autofluorescence « structural proteins
« enzymes and co-enzymes
* vitamins
« lipids
HeLa Cefl * porphyrins

Expressin
EG%P-Acu%
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Mepiropiocpoi MikpookoTriag ®POopiouou

0
8
N

[

* Resolution is limited in thick specimens
 Detection of out-of-focus fluorescence

* The excitation beam illuminates uniformly a
wide field of the sample.

 If the sample is thick, fluorescence will be
excited within the focal plane, but also
within planes above and below the focus.

« Some of this fluorescence will be imaged
onto the detector and will result in a
defocused-looking image

Emission

Human medulla Rabbit Muscle Fibers Pollen Grain

Tissue
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Mepiropiocpoi MikpookoTriag ®POopiouou N

[

* Reject out-of-focus light 2 Optical “sectioning” (next lecture)
« Create 3d images
« Confocal Microscopy, Two Photon Microscopy, SIM

52



Mepiropiocpoi MikpookoTtriag PBopIcCuOU (

* Resolution is limited by Abbe’s law
» Resolution limit (~ 200 nm)

« Canyou break it?
d -4 AN :
(N'Abbj +NA )
500 Nnm
d -1220—*
N'Abbj + NA\:ond
> C__ > 1 200nm
A

Wavelength Lens

53



MikpookoTria 41T (4Pi) (

* Basic Principles
* Image from two directions = approaching 4pi solid angle
« Coherent illumination and/or fluorescence detection
* Interference results in smaller spot size

70-140 nm

S.W. Hell, et al. (1992), Opt. Commun. 93, 277 54



MikpookoTria 41T (4P1)

Microtubules, mouse fibroblast
Immunofluor, Oregon Green

X Confocal 4Pi 55



MikpookoTria 41T (4P1)

« Commercial 4Pi-microscope

napare

blotechﬁ"olo Uy

Optical imaging
Photorfiabdus [uminescens genome
On-target cytokine activation

Z- resol < 90 nm (Live cells /aqueous cond.)

H. Gugel, et al. (2004), Biophys J 87, 4146.
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MikpookoTtria ATrodlEyepong nE ESavaykaopévn Ek &n
Stimulated Emission Depletion (STED) Microscopy [

« 1st physical concept to break S 3 »
the diffraction barrier in far-
field fluorescence Absorption Stimulated
microscopy Emission
» Basic Principles S : Fun <18

« Stimulate the fluorescent dye

« Cause stimulated emission to
de-excite part of the excitation
focal volume (doughnut
shape)

« Measure fluorescence from
the remaining excited volume

S.W. Hell & J. Wichmann (1994), Opt. Lett. 19, 780. 57



MikpookoTtria ATrodlEyepong nE ESavaykaopévn Ek &n
Stimulated Emission Depletion (STED) Microscopy [

X
z
—

. x 200 nm
n —
Detector q / / y
v 4
A A A A
> ﬂ_’_SO S
50-200 pS- 1 P
Depletion Excitation The stronger the STED beam the narrower the fluorescent spot!
(STED)
S 3 T, =1ns 8
Fluorescen GCJ
2
>
TR

-\

T, <1pS

S

lsrep [GW/EM?]
S.W. Hell & J. Wichmann (1994), Opt. Lett. 19, 780. 58



MikpookoTtria ATTodlEyepong NE ESavaykaopévn EKTTOUTIA
Stimulated Emission Depletion (STED) Microscopy

Astep= 770 nm

Focal SpOt ... probed with 1 molecule

Confocal

V. Westphal & S.W. Hell (2005), Phys. Rev. Lett. 94, 143903. 59



MikpookoTtria ATTodlEyepong NE ESavaykaopévn EKTTOUTIA
Stimulated Emission Depletion (STED) Microscopy

Imaging 40 nm fluorescence beads:

Confocal STED

10 counts/0,3ms 204 5 counts/0,3ms 89

60



MikpookoTtria ATrodlEyepong NE ESavaykaopévn EKTTOUTIN
Stimulated Emission Depletion (STED) Microscopy

Confocal STED

Heavy subunit of neurofilaments in neuroblastoma

G. Donnert, et al. (2006), PNAS 103, 11440. 61



MikpookoTtria ATTodlEyepong NE ESavaykaopévn EKTTOUTIA
Stimulated Emission Depletion (STED) Microscopy

* Resolution is not limited by
the wavelength of light!
* Resolution just depends on

the level of fluorescence
depletion.

* Resolution at the molecular
scale is possible with visible
light and regular lenses!

 Resolution follows a new
law: a modification of Abbe’s

law

S.W. Hell (2003), Nature Biotech. 21, 1347.

=

Fluorescence
o

(o)) —————————— -

OIT 3

sat

Vv
A4

2nsingl+1/1,
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2uvouaouog. MikpookoTtria STED-4Pi

v Monolayer v Monolayer

l\/l' Dyba, S. W. Hell

| Al 1 |
Monolayer ~ Microtubules

Fluorescently tagged microtubuli
with an axial resolution of 50-70 nm

M. Dyba, S. Jakobs, S.W. Hell (2003), Nature Biotechnol. 21, 1303.
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MikpookoTria RESOLFT

* Reversible Saturable (Switchable) (a) Fluoreseent oy Non-fuorescen

Linear Fluorescence Transition ® > (B)
(RESOLFT) microscopy is the IR
generalized principle of STED (Non-fluorescent) ~ "84 (Fluorescent)
microscopy
- Same concept as STED but dyes c) ® ®
are made to “dark state” by other Fluorescent state B
mechanisms: & 7 ™iolet or
. . < L
* switch to triplet state K- dark state
. IR ’
« switch to ground state s 5§ |5
* use reversibly photoswitchable 3 8 3 §
> o ’
dyes 2 § ;3: , |@ STED
» Advantages: 3 |5 GSD/ i
’ @ GSD / photochromic
* less powerful Iaszers need to be Aﬁ @ siching
used (100 W/cm ) Ing state (B) Excitation saturation
Q

« this leads to many more dyes and
even fluorescent proteins being
used

S.W. Hell (2003), Nature Biotechnol. 21, 1347. 64



