https://www.imbb.forth.gr/en/research-en/plant-
molecular-biology/item/4119-panagiotis-n-moschou

TECHNOLOGY




6. ILYXPOVEC HEBOSOI
ameikovioTiKNG Il (AFM,
molecular motors, SEM/TEM,
cryoEM, light sheet)
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NeeC 6eE10TNTEC-AIONEEN 6

1. Na reprypawere 11 pe@odovg AFM, SEM/TEM/CryoEM kai light sheet
2. Na TepIypQWETE HOPIAKES MNXAVEG KAl TTG TTEPITTOL AEITOLPYOLV

i ©a OéAate va akovoere;, Ti exete akovoel;, Ti Oa Oehare va padere
OXETIKA HE EEWTIKES TEXVIKEG HIKPOOKOTIIAG;



MIKpOOKOTTIEC OAPWONS ME OKIOO

[ N
A / A&llep

STM scanning tunneling microscope C N
AVIXVELTNG \\\ /" Moyhoc
o

AFM Atomic force microscope

FFM (or LFM) (Lateral or Friction) force microscope s
SEFM Scanning electrostatic force microscope I
SFAM scanning force acoustic microscope Agiyua

AFAM atomic force acoustic microscope
SMM scanning magnetic microscope

MFM magnetic force microscope

SNOM scanning near field optical microscope

SThM scanning thermal microscope 4 Optalicoscapy
SEcM scanning electrochemical microscope . l - e .
SKpM scanning Kelvin Probe microscope gL :
SCPM scanning chemical potential microscope ™

= 2

SICM scanning ion conductance microscope | —+ = —+
SCM scanning capacitance microscope




MIKPOOKOTTIEC OAPWONS UE
oKiOO

> H texvikn SPM (Scanning probe microscopy) arreikovidel €TTIPAVEIAKES
SOUEC JE ATOMIKN avaALvon (VYWOG) XWEIC va TTPOOKAAE TN PAGRN TOL
SelyuaTOoC

> TpiodidoTaTtn eKOva

> H SPM A&iTovpyei XwPic KeEVO KAl O avTiBeon e NAEKTOOVIKA KAl OTITIKA
UIKQOOKOTIIA UTTOPEI VA PETEPNTEN KAI PLOIKES TTAPAUETOOLC



Scanning Tunneling
Microscopy (STM)

Atomic Force Microscopy (AFM)

STM scanning tunneling microscope
AFM Atomic force microscope

FFM (or LFM) (Lateral or Friction) force
microscope

SEFM Scanning electrostatic force DwT106i060G
microscope A&iZep
SFAM scanning force acoustic microscope
AFAM atomic force acoustic microscope
SMM scanning magnetic microscope

MFM magnetic force microscope

SNOM scanning near field optical
microscope

SThM scanning thermal microscope 3‘“%;_5 MOYAOG Kal
SEcM scanning electrochemical Emoedveia e oKiba
microscope SeiypuaTog R

SKpM scanning Kelvin Probe microscope ,
SCPM scanning chemical potential . MieConAexTOIKN
microscope Tpamela

SICM scanning ion conductance

microscope

SCM scanning capacitance microscope



Atomic Force Microscopy (AFM)

DwT106i060G
To 1981, o1 G. Binning kai H. Rohrer AéiZep
epnopav 10 STM
| S04
Nobel 1986 L 2 ), j
NS Seiypa
TO AFM - . MoxA\OC kal
Emegpdveia - axisa
SeiyuaTtoc o
SCANNING TUNNELING MICRO! . .
MieCONAEKTPIKN
G. BINNIG and H. ROHRER Tpamela

IBM Zurich Research Laboratory, CH - 88003 Riischiikon, Switzerland

Received 30 September 1982



To AFM BaoileTtal o€ d1a- 8
ATOMIKEC OUVAMEIC

Epappoyic MaloveKTr']uaTq |

v METOLOIWON TIPWTEVEV UTTOPE! val peAeTnOei *  [1EPIOPICHEVO £VPOG

v MTTopgi va PENeTNOE N TTOOTEECIUOTNTA * Mepiopiopog ot peyeBuvon
v EVIOTOPOC OTNV EM@AVEIQ TOL KUTTApoL  * MTTOPE N akida Kai 1O belyua

V' MEAETN ETTIPAVEIAKNG TRIRNG O€ ETTIPAVEIES va XO)\CJUQUV |
* [lepIoPICUOGC OTNY TAXLTNTA

cAPWONG
- ;.“u . & L
o’ o e MAcovekTnuara
* Van der Waals f- ‘. G- « EOKOAN TTpoETOINaCia S€iyUATOG
. H)\&KTpOOITCXTIKSQ et . /\EITOU'pYEi O€ KEVO, gépo Kal LYPO
* Mayvnrikeg ‘ : « AKPIPAG LYOUETPIKN ATTEIKOVION
* ATTO €TTOON L . "x. e ZWVTAVO IOTO



Eikovec armto AFM




TEM/SEM/CryoEM

NpoeToiyacia Seiypatog  MIKPA A Kauia

AvaAoon
KOoToGg

[MepIPAANOV beiyuaTog

BaBocg mediov
Eibog Seiypartoc

XpOVOG aTTeIkKOVIoNG
MéeyeBocg SeiyuaToC
MEYIOTO PEYEBOG

MEeTPNOEIC

AFM

0.1 nm
MikpnN
OtroloéNmoTe
DTWXO
AY@YIUO N un
AYWYIUO

2-5 \emtta
ATTEQIOPIOTO
3D

SEM

MIKEN N HEYAAN
5nm

Meoaio

Kevo N agpio
KaAo

AYW®YIUO

0.1-1 Aemtta
I mm

30 mm

2D

10

TEM

MIKEN N KEYAAN
0.1 nm

YynAO

Kevo

DTWXO
AYQYIUO

0.1-1 AemrTta
100 nm

2 mm

2D



'Oplo mepiOAaong

Avolyha ¢pakobL

XPwHOPOPO

2nm
..... NpoTumo mepiOAaong
q= A
~ 2NA
d (GFP) = (1.5:,.(.)2) =182 nm

11

500 - 800 nm

v
Xy «——»
200 - 300 nm

Abbe, 1873



Oplo naple)\acng e€aprarai cmo
TO HNKOG KOHATOG

KOKKIVO: TTOAN TTEQIBAAC  MTTAE: OXI TOOO TTEPIBACON




H 18€a TNC NAEKTPOVIKNG
HIKQOOKOTTIAGg

13

e
€ _ S €‘_' NMepiOAaon
%e & & AOY® TNG KLPATIKNG PLONG TOL PWTOG

'YAN Kal KOPATIKA HOPPN-COHATISIKA pLON

- meécanique ondulatoire
A=h / mv (wave mechanics)

MepiOAaon Tov nAekTpoviov<<<MepiOAaon Tov
PpwToviov Ye paon Tn pala

Louis de Broglie



H 18£a TNG NAEKTPOVIKNG
HIKPOOKOTTIAG

MepiOAaon Tov nAekTpoviov<<<MepiOAaon Tov

(PWOTOVIOL
!




H 18€a TNS NAEKTPOVIKNG
HIKPOOKOTTIAG

/7 HAekTpouayvnTikog ELKPIVAG &IKOVa
PAKOG

ee
e€®
eeee € Caeere
i e €€eee
_—
—_— Ormmikog

N \ (PAKOG

OoAn &Ikova

15



| O
HAekTpOpayvnTIKOI PpaKoi ®Oopilovoa
olovn
e ¥
o 0

TOYKEVTPWTIKOG

T AVTIKEINEVIKOG NpoPoAéag

Napaywyn
NAEKTPOViI®V

Acgiypa

Xpwon Seiyparog: o§Iko ovpavuLAio



Thermionic
cathode
<
Anode

HAekTpOUAYVNTIKOI paKoi
IopTTUKVRTAG  AVTIKEIMEVIKOG TMAéypa capwong

N AVIXVELTEG
€38 okedalopevev
S §_ NAEKTPOVI®V
S &
=2

Agiyua KAALHUPEVO HE
mAdariva, 1pid10 KTA.




SEM X-Ray Diffraction

KpvotaAloypapia

KpboTtaAlog

H KPLOTAAA®ON TV TTPWTEIVAV gival TTOAD
SvokoAn Siadikaoia



O mayog ocwdel 1

Auopcpog TTAYOC (6ev €xel vOLUEPO): >17 HOPEPES TTAYOL, TTOANEC HETAOTABEPES
O TAyog oTN YN MAG £xel e€aywvikn d1evBETNON

a Crystalline transformation sequence /
i 4 Y :b:‘ \, ?& ?‘t
v W K .}: b 4’ 4 Aﬁ 1 L
¥ » » J \ 7 3 % s g
1. 1 1 o ¥ g o PP I r
v oy —> p ?ﬂl" ~ e 'j *}j ‘ﬁ.b —> 1
A A 34 3L T AV AT YY)
. G 2 - 1 % ‘? P NN S é é
S > b A g A ¥YY
Ice Ih Ice IX lce XV’ Ice VIII
b HDA transformation sequence
&tin" i
A PLives :s f.v 5% & A
> - ““ o“i\‘ TR 53 o X X
L i **”*’:’fg.‘wg\‘ % KN
i > ‘w o —> ‘ v
il % &2 ’%:%535,{ v \x)(\
& AV Ay PiX ,w‘zf \
| W -ﬁ%ﬂl‘f"”z s e ¥ ®
(i e

Ice Ih HDA Ice VI



H KOLO-NAEKTOOVIKN 20
UIKQOOKOTTIO

Image source: Nature.com , s
Ta popIa TV MPWTEIVRV EXOLV

KpOo-nAeKTPOVIKN HIKpOTKOTTIA Siagoperiki Siarageic
Mia §éoun nAekTpovicov
BouPapsdilel Eva TTAYWUEVO
SIANLUA TTPWTEVAV. -
AVl/\'V J 5
\ eor,"g
“ qu I3
. . O¢ - .
Naywuévo Sciyua \ [ NoyYIoHIKO
MPTEIVAV ; o 5 G

\ IOVSLAOHOG OAWYV TWV EIKOVV

"

3D ameakovion TG TPWTEIVNG

Atopn nAekTpovicov

ALOPPOGC TTAYOG (6ev £xEl VOLEPO): >17 HOPPES TTAYOL, TTOAAEG LETAOTABOEQES
O TAYOC OTN YN MAG €xel e€aywVikn SievbeTnon



H KoLO-NAEKTOOVIKN
UIKOOOKOTTIO

TotTkn eikova amo CryoEM

21



Light sheet fluorescence 59
MICroscopy

YTOXOG
v'Na peiwoel n Kémepts
PWTOKATACTOOPN
vTlapatnpnon yia
ueyaAa dilaoctnuarta
v'Na kavel avadounon 3D
v'Na peioel 1o 60pLPo
TTEPLIOAAONG O€ TOUEG

Dwg pOopIcuod

onTikd
OEVTOVI

Seiypa



|—I d) g )\ E | T O U p Y Ei; N ..m i

v ATTOCELEN TOL PWTICUOL KAl
AVIXVELONG

v KOAIVEQIKOC PpWTICHOGC
Snuiovpyei eva light sheet

_——
e— |
KuAIvépikog
PaKog L y

Seichow, O. & Huisken, J. (2013) Lichtblattmikroskopie: Das Beleuchtungskonzept
revolutioniert die 3D-Analyse lebender Proben. Biophotonik



[NooeTOINAOIA SEIYUATOC 4
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Clamped Suspended Glass capillaries Agarose beaker

Glued Syringe FEP tubing Polymer foil




MEIOVEKTNUATA

MOVOTTIAELPOG
PWTIOUOC

. ATOpPPOGNON Bv\
- ) .

AlcaBAaon

MepiOhaon  ~ \

| Good : Bad

Weber, M., Mickoleit, M. and Huisken, J. (2014) Light Sheet Microscopy. Methods in Cell Biology. Jan 01; 123:193-215; doi: 10.1016/8978-0-12-420138-5.00011-2

25



To TPORANUG TNC OoKIAONC 4

MoVOTTAELPOG AUPITTAELPOG
PWTICUOC PWTICHOG

L}
A
-
]
ol
£,
4
1
]
€
r .
.
)
Rl
1
1
3 |
L)
'
'
L
1
)
!

Y
Zebrafish embryo 8 hours post-fertilization imaged using Zebrafish embryo 8 hours post-fertilization imaged using
single illumination SPIM. The light sheet was introduced single illumination SPIM. The light sheet was introduced from
from the left. the left and right.

Huisken, ). & Stainier, D. Y. R {2009) Selective plane illumination microscopy

techniques in developmental biology. Development. Jun;136(12):1963-75. dol
10.1242/dev. 022426




YOYKQITIKN AVAOALON TOTTV

HIKOOOKOTTIAG

Resolutie Pheotobicachir - Lateral resolution
Techmgue Resolution XY Resolution Z tempocal deptt Usability ( SNR hototonscity
Widefiek! &
Wide-held Diffraction Poor (usually Best (msec Wors: S SPM
Wk Limecd worse than frame, sgpnal 1 um- Confoca -
{ =200 nm) | pm) limed .
Total lnternal Diffraction 300 Grond » 10003 40.08
Reflection hmstod but e
TIRE b
backeround ~J Axial resolution
Laser Diffraction Good (hetier Betic Compicx $2-57 .g“m_‘l __Widefield
Scanmng hmned o than 700 nm but st
Confocal ncarly 2 x N 100 pm 3 ower focuse
LSCM dilfraction ips Pt =
himst { Aary ; . e
Scan)
Muln-poant Diffractio Good Good tmsec Typecally Better $2-84 Moderate Bet al 10x/0.3 40+/0.8
siit confocal Innted slightly e SOpn -
worse than ba 5 on Buy
LSCM fensity tha Weber, M., Mickoleit, M. and Huisken, J
LSCM (2014) Light Sheet Microscopy. Methods in
—— — - - Cell Biclogy. Jan 01; 123:193-215; doi:
LighSheet  Diffraction - 2% g 10.1016/8978-0-12-420138-5.00011-2
Fluorescence Limsted bat nre
Microscopy typecally low be
(LSFM) mad level NA
KOsOs e "\,"l
Lanece Ligh Super nplet 2.8 Maoderate

Sheet with
SIM

Combs, C & Sheoff, H. (2017]) Fluorescence Microscopy: A
Concise Guide to Current Imoging Methods. Current
Protocols in Neurosclence. Apr 10;79:2.1.1-2.1.25. doi
10.1002/cpns.29



TO TTPWTO PIKOOOKOTTIO light g
sheet

Henry Siedentopf

Slit Ultra Darkfield (1903),
Siedentoph and Zsigmondy




[Toocapuoyn TV PAKWY 9

lllumination
objective A &
. [ ¥ ]
High NA o [ s I
Thin light sheet
Small field of view
8 *
[ LY ]
Low NA 2 7
[ J
Wide field of view
Thick light sheet
Weber, M., Mickoleit, M. and Huisken, J. (2014) Light Sheet Microscopy. Methods in Cell Biclogy. Jan 01; 123:193-215; doi: 10 1016/8978-0-12-420138-5.00011-2 % %
Two-lens SPIM Three-lens SPIM (mSPIM) E
E




Dual view inverted SPIM (diISPIM

Z transiation
Excitaton A , [ Excitation B

Camera A

Abhishek, K., Wu, Y., Christensen, R., Chandris, P, Gandler, W., McCreedy, £, Bokinsky, A, Colon
Ramos, D. A, Bao, Z., McAuliffe, M., Rondeau, G. & Shroff, H. (2014) Dual-view plane illumination

microscopy for rapid and spatially isotropic imaging. Not Protoc. Nov, 9(11): 2555-2573; dox
10.1038/nprot.2014.172



Ultramicroscope 31

TavToxEOoVa KAl 6 PWTICUOI



DdT11IAEE TO POVOG COL! 32

OpenSPIM

Recent changes

Welcome to the OpenSPIM Wiki

Content
Parts kst The Idea [News
_'l' OpenSPIM is an Open Access platform for applying and enhancing Selective Plane o 2015-10-16 Brightfieid umination by Michael Redd
Nemination Microscopy (SPIN). * 2014-08-15 EMBO practical course on light sheet
Qporation We hope that OpeaSPIM in its radical openness will demonstrate that the benefits brought t fecroxney
Setup = . ’ e Sov appeua wally st . * 2014-04-22 Multiview ceconvolution
Modifications * 2014-04-11 Sampie prep for Zedbrafish embryo
* 2013-12-15 OpenSPIM optics 101
Frequentty Asced
Questions.
SPIM principle
oot The SPIM technology offers fast, optically-sectioning, minimally-invasive 3D acquisition of fluorescing specimen
Gablery over time. It achieves that by focusing 3 thin laser light-sheet into the specimen, taking two-dimensional images of
the illuminated slice with a perpendicularly positioned detector (CCD camera). Three-dimensional stacks are
Who has an OpenSPIM? obtained by moving the specimen orthogonal 1o the light-sheet between consecutive images. By mounting the
Downioad sampie in 3 rigid medium, €.g. agarose, and hanging it into the sample chamber in front of the detection lens, it is
possible to rotate the sample and collect 3d stacks from muitiple angles (views).
Publcations
Oeared Tssue




Digitally Scanned Laser Light a3
Sheet (DSLM)

DSLM illumination

i

Beam waist

Dean, K. M, Roudot, P., Welf, E. S, Danuser, G. & Fiolka, R. (2015) Deconvolution-free Subceliular
Imaging with Axially Swept Light Sheet Microscopy. Siophys. /1 June; 108{12): 2807-2815; dok:
10.1016/j.bpj.2015.05.013

CMOS sensor



Latfice Light Sheet 34

A 4 °

intensity al rear pupldl inlensily at sample  sweplidithered intensity overall PSF

Gaussian

Besse!

Power, R. M. & Huisken, J, (2017) A guide to
light-sheet fluorescence microscopy for
multiscale imaging. Noture Methods. Mar
31;14{4):360-73; doi: 10.1038/nmeth 4224



To TPORANUA TNC SIAXEIPIONG
TV 6ES0UEVRV

Eva ISPIM 1 wopa 2 TB
Avadounon €KOVAG 2 NUEPES
Cluster




1.BOOLKEG OLPXEG HOPLOKWY LNXOLVWV
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Muooivec (Myosins) Aktivn

KedpaAt
EAadplec aAuoldeg
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tessssss

\ATP
/Synthase

Mitochondrial ATP synthase



MakeAGIF.com




[Tl pac evoladpepouv oL popLakot

H katovonon Tou Twc ol poplakol Kivntnpeg Aettoupyouv OTo
ETLTEOO VOVOUETPWV UTTOPEL VO HoC ETLTPEPEL TNV TOpAYWYN

HLKpwV (VovokALpaKka) pnxovwy




Duolkeg cuVONKeC

A%

» Tubev elval onUAvTIKO yla TOUG ULKPOKLVNTAPES TTOU £lval GNUOVTLKO
yla epac?
Adpavela (dtaxuon) & Opun

» Tl elval o onuavtiko
1Ewbeg, Bepuikog BopuBog Thermal noise (assumptions; local

(started in 1927 drop no. 9)
The pitch drop experiment (Ig Noble 2005)
R. Edgeworth, B.J. Dalton and T. Parnell
Eur. J. Phys (1984) 198-200




Mw¢ ta EEpoupe OAa auTa,

@ AFM ®  OTmmkn Tayida © Mayvntikn Tayida
: Laser
Beam
ogaipidia
MOYAO C TTOWTEIVES
MNpwTeiveg o€
. ( SimhooTiBada TrpcoTa'i'vsg
[lpocoTElVN g
08880 MpwTeivn ot Laser ﬂpg)'rgivgg
s ereomeddyen pose ot
SITAooTIRG

ba



Observation of a single-beam gradient force

optical trap for dielectric particles

A. Ashkin, J. M. Dziedzic, J. E. Bjorkholm, and Steven Chu

Author Information « Q Find other works by these authors -

How optical tweezers work:
Forces created by photons

photonfiom _, geseseseem soensssoo®

COptical Tweezer
’ ‘-——_CCH

doi.org/10.1364/0L.11.000288



https://doi.org/10.1364/OL.11.000288

OEWPNTLKA MOVTEAQL

motor domain

ATP - ADP + Pj

cargo binding

V=s/t
Auvaun ~ pN
B\ Atrootaon ~ nm

> Xpnowomotei ATP

» Metakivnon TAvw 6€ KPOOWANVIOKOUC, LOVOUEPEC HEyEBOC 8 Nnm
» Metakivnon tepiov 100 Bnudtwv

» QAvvapn 6-7 pN



OEWPNTLKA LOVTIEAQL

Kwntinpec Tou Kivouvtal Mn KWOUUEVOL KLVNTAPEC
Y€ ULKPA YKPOUTT AouAevouv og ykpouTt (T.x. puoaoivn |l)

(e.g. kweaoivn)

! !

Porters




Tnv eTopevn gpopPaQ...

7. A&ITOLPYIKN ATTEIKOVIOTIKN
avaAvon (FRAP, FRET, FLIM,

Molecular tracks, diffusion
coefficient, KTA.)



