Mikpookormia ¢Oopiopov Il




Widefield mikpookomia ¢Oopiropnod

detector

ocular . .
emission filter

C—— 1
dichroic mrror
—_—

objective

light source

excitation filter

specimen

Opo10yevig eOTIGUOC TOV OETYLOTOG
HEo® AAUTTOC

2vAhoYN eOopIoHOD pE yproN
KOTAAANAOL PIATPOV EKTOUTNG

EVKOAN Kol OIKOVOULIKT] TEXVIKT
ATEIKOVIONG

O @Bop1opdg £KTOS EGTIOKOD ETUTEOOV
odnyel e BoAEG elkdVeEG

Agv vIAPYEL SOLVATOTNTO KOTOYPAPNG
OTLTIKNG TOUNG

Agv vtdpyel OLVATOTNTA TPICOAGTOTNG
ATEIKOVIOTG
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https://microscopy.duke.edu/introduction-microscopy
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Selective Plane lHlumination Microscopy (SPIM)
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Huisken et al, Development, 2009

[T pumopov e vo ONULOVPY|GOVUE
éva Aemto UAAO ewTog (light sheet);

DoTIGUOC TOV delynatog LEGH EVOS TOAD
AETTOD PUALOV POTOG

O poTIopoC ToL detyportoc eivon kaBetoc o€
GYECT LE TNV aviyveLoN

Koartaypagr efopiopod mov mpoépyetot
Lovo amod 10 @UALO eTOC nEcw CCD
camera

Kataypopn cuveyouevmv OnTIKOV TOUMV
LECH TNC Kivnomg Tov delyuatog mpog tov
OVTIKELUEVIKO QKO

KotdAAnAn teyvikn yio mapoakorovOnon
vpyopwv Broloyikmv diepyaciav (>30 fps)

SNUOVTIKE MYOTEPT POTOAEVKAVGT) KO
QMOTOTOEIKOTNTA OALA KO LEYOADTEPO
Babog amewkdviong oe oyéon ue to confocal



Eotloon 0MTOS HEGEO KVALVOPLKOU PUKOD

Anteroposterior axis

\ : Left-right axis

Dorsoventral axis

Eotioon o€ onueio anod
DeTikO GEAPIKO POKO

Ectioon og ypapun omd
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Young et al, Biomedical Optics Express, 2018

lllumination objective

Keller et al, Science, 2008
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XopoKTNPLEROS PUAAOV PMTOS
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* W, Beam waist (n Aot axtiva tng
décUNG oTNV €0TiN)

» Zzg: Rayleigh length (n a&ovikn amdotaon
amd ) 0éon Tov beam waist émc ) 0éon
Omov N axtiva peyalovel katd piCa 2)

* Db: Confocal parameter (1covtou pe 2 popéc
10 ZR)

* O: Angular spread (yoviako dvoryuo TG

6éGHNG)
* W(2): H axtiva tg déoung o€ amdoTao Z

To w, kaBopiletl o mAdTog Tov
QUALOL POTOG KO CLVERTDG TNV
aovikn avaivon tov SPIM

>10 SPIM poag evoragpépet va,
OMEIKOVICOVUE LE TN GYEOOV
OLLO10YEVT] TTEPLOYN OV PpiokeTal
07O KEVIPO TNG OEGUNG

‘EEw and v meployn avtn 1 0éoun
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NG £VTOOMC GNUOTOS KOOMS Kol TNG
aEOVIKNG AVAALOTG
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dafhaong tov pécov kot NA to

apOuntiko dvorypa tov illumination
objective



XopoKTNPLEROS PUAAOV PMTOS
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Xuykpion pkpookoniog SPIM pe confocal

[A] schematic view of a SPIM [B] schematic view of a confocal microscope
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Detection

Huisken et al, Development, 2009

Pinhole rejects out-of-focus light
and confines the detection plane

Widefield detection with a CCD camera

https://cbis.nus.edu.sg/thorsten-wohland/



Hopadetypota Tomo0éTnong LOVTOVOY OELYHATOV

Xpnon ayapolng yio  Xpnomn yaviov yiu  XQalpoEON) € Kvtrtapo
amekovion eupfpvov TNV ATEIKOVION ddpavo doyelo TPOGKOAANUEVO
Zebrafish opYavov PTFE (Teflon) o€ coverslip

https://www.photometrics.com/applications/appnotes/light-sheet-microscopy



Baow owataén SPIM

Tomukd TpoPfAnuota OTIGHOD
and pio povo mhevpd (pio Anym)

Z
CCD Out of focus +
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s EF
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Setup _
DB : 3 B A —
Detection
Objective ) .
(NA=1.0) 80% epiboly, 10x Tg(H2A:GFP)
Fluorescent Stripes
SM Sample
\WaCh ;
Cylindrical " Custom-gﬁade @
Beam Expander umination Objective
(NA=0.33) Sample
. . Scanner ray IR A e
Ritter et al, Optics Express, 2008 e . T

32 hpf, 40x Tg(H2A:GFP),

M1, M2: Mirrors

DB: Dichroic Beamsplitter
SM: Scanning Mirror
WaCh: Water Chamber
TL: Tube Lens

EF: Emission Filter

* To oynua Tov EOALOL PMOTOS CAAOIMVETOL KO 1|
EVTOGT] TOV petnvetTon Kabwmg avtd mepvd uéca
amd 1o Olyua Adym okédaong / amoppOPNoNg

¢ ZyMUOTIOCUOC GKOTEWVAV prydv (Stripes) Adyw
dOUDV EVTOVNG OTOpPOPNONG




Tvmkad €16n aneikovieTIKOV owutdéemwv SPIM

https://www.photometrics.com/applications/appnotes/
light-sheet-microscopy

DoTiocnog and ™ pa TAgvpd,

Y ynAn evkpiveln eikoévag LOvVo 6to
TPOTO WGO TNG EIKOVOG

Al0d0Y 1K1 TEPIGTPOPN TOV OELYLOTOC
Katd 90° ®ote va kKalvebel To Guvoro
TOL OYKOV TOL

2VVOLOCUOG TOV EIKOVOV LEGH
EOIKAOV aAyopiOumv

O potiouo¢ amd 000 TAELPES
TOVTOYPOVO TTOPEYEL EVO, OLOLOYEVES
QOALO PMTOG

Ta enineda Tov delypatog mov
Bpiokovrtot poxpid and tov
OVTIKEWLEVIKO ametkoviovtal QoAd
AOY® GKEOAONG

ITeprotpon| Tov detypatog katd 180°
KOl GLVOLAGLOG TOV EIKOVOV LEGH
E0IKOV oAyopiOuwV



Tvmkad €16n aneikovieTIKOV owutdéemwv SPIM

4-lens SPIM
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DoOTICUOG amd OO0 TAEVPES Kol
aviyvevon amd 0V0 TAEVPES
Ileprotpoen| Tov detypatog katd 90°
(MOTE VO KOTOypopel 0evTEPT GEPA
EIKOVOV

2VUVOVOGUOG TOV EIKOVOV LECH
EOIKAOV aAyopiOumv

[Tapoyn opotoyevoHs YwPIKNG
AVAAVGNG GE OAEC TIC OLOGTACELG
Beltiomon acovikng avdivonc katd 3X

Ag yivetal ypnon KoAMvopIKo QKo
Tayelo KatakOpLEN GAPOOT OETYUATOC
LECH ECTIONGUEVNG OECUNG

Anuiovpyio IKOVIKOD UALOV POTOG
[Tapoyn ekdveV LYNANG TOLOTNTOC
AMOY® aKp1BEGTEPOL YEIPIGLOD TNG
CCD camera ypopuurn Tpog ypoun



Multidirectional SPIM (mSPIM)

YvuPatuco SPIM
QOTIGLOD HOG TAELPAG
| D=y NS
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fiéi"s\ Ykidoeig (piyeg)

AOY®D VYNANC

35h Zebrafish

>$< aTOPPOPNONG
—

[Ipocéyyion
multidirectional SPIM

10h Zebrafish

Zoom-in

Huisken et al, Optics Lettefs, 2007
e AAayn KAiong Tov eUALOV QmTOS uEcm ypnong scanning mirror

*  Al00YIKOC POTIGUOC AmO dVO0 TAELPES
e 2ZVVOVOGUOC EIKOVOV LE OTOTEAEC LA TNV EEAAELYT] TOV CKLACEDV



E@appoyéc mikpookomiog SPIM

A normal adult mouse pancreas stained for
Insulin (blue), smooth muscle actin (red) and
Tyrosine hydroxylase (green)

Dynamics and interactions of six
organelles in live cells

https://www.youtube.com/watch?v=GHEixBKnmWc

A normal adult mouse kidney stained for
Podocin 1 (blue) and smooth muscle actin (red)

ER Mitochondria Peroxisomes

https://www.youtube.com/watch?v=iHyh3aVgYJ0

https://www.youtube.com/watch?v=nTogLEUidB8



E@appoyéc mikpookomiog SPIM

Interaction of a T-cell (orange) with First days of a mouse embryo’s life
a target cell (blue)

https://www.youtube.com/watch?v=iu3q-CfHveY

Tracking cell families in mouse embryo

https://www.youtube. com/watch’>v-sKN8rRZhymO

https://www.youtube.com/watch?v=2LY8hObVAZI



E@appoyéc mikpookomiog SPIM

Morphogenesis of amphipod Embryogenesis of Tribolium
Parhyale hawaiensis castaneum beetle

0° (ventral) — MP 90° (lateral) — MP 180° (dorsal) — MP 270° (lateral) - MP

00:00 h ’ T 100 pm

https://www.youtube.com/watch?v=86Gr5Mtn_nQ https://www.youtube.com/watch?v=cAMNQA75Pwg

X LUXENDO s%ﬂ

Drosophila Embryo Development

What is it?

Transgenic line expressing His2Av-mCherry as fluorescent nuclear reporter. The
fruit fly embryo was imaged for two days (200 slices and two orthogonal views
every 30 seconds).

Courtesy of:

Dr. Lars Hufnagel
European Molecular Biology Laboratory (EMBL)
Heidelberg, Germany

https://www.youtube.com/watch?v=Y97evSXgePM



E@appoyéc mikpookomiog SPIM

3D reconstruction of a 3-day-old
beating zebrafish heart and the
surrounding vasculature

Front and Side view reconstruction of endo
and myocardium in a 5 day-old zebrafish

Front view Side view

Endocardium is depicted in

cyan, Myocardium and blood

cells in red https://www.youtube.com/watch?v=i8yvggEeCRs
https://www.youtube.com/watch?v=18GA9IORIMM



E@appoyéc mikpookomiog SPIM

Imaging of optically cleared mouse brains / embryos

- Tyrosine Hydroxylase staining in an adult mouse brain
- ChAT-cre , Ail4 stained for Tomato, to reveal the
cholinergic system in an intact adult mouse brain

- Hb9-GFP embryo stained for TrkA and GFP, to reveal
motor and nociceptive fibers.

https://www.youtube.com/watch?v=D84wBVDX1No



Iow EpOTINOTO TPETEL VO, LTOPOVUE VO, OTTUVTANE;

SPIM on a chip

Objective

'.-'

’ Optical Fiber

Objective

Paie et al, Lab Chip, 2016

[Towa eivar n Pacikn apyr Aettovpyiog e
uikpookomniog SPIM;

[Towa eivan Ta mAeovektuota tov SPIM
o€ ovykpion ue to confocal / widefield,;
[To¢ propodpue va mapdEovpe Eva OALO
POTOC;

[Toteg elvan o1 Bacikéc TOPAUETPOL TOV
YKOOVGLOVOV OEGUAOV Ko TG oyeTilovTon
LETAED TOVG;

[T cuvdéeton to medio BEaonc e to
TAGTOG TOV POUAAOL PWTAG;

Ao 11 e€apTaTon | TAELPIKN Kot aOVIKN
avidivon oto SPIM;

ITowa glvon T KOpLo TpoPAT LT TTOV
napovotdloviar 6to SPIM pe potiond
and pio povo mAevpd;

ITotec elvan 01 TEVTE KOPLEG TPOGEYYIGELS
uikpookomniog SPIM;

IToteg eivarl 01 GTOVOAOTEPES EPAPLOYEC
¢ Kpookomiog SPIM;



