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Quantitative Scanning-Free Confocal Microscopy with Single-

Molecule Sensitivity and Fluorescence Lifetime Imaging for the
Study of Fast Dynamic Processesin Live Cells

Stanko N.. E E | Aleksandar J. Krmpot, Sho Oasa, Andrew H. A. Clayton,
Lars Terenius,Milivoj R." A | Fudolf RiglerVladanaé OET EAOE ¢

Department of Clinical Neuroscience (CNS), Center for Molecular Medicine (CMM), Karolinska Institute, Stockholm, Sweden

BPU 11 Congress, Aug & Sep ¥t 2022, Serbian Academy of Sciences and AgESASA
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Karolinska lnstitutet;; a medical university. with-a mission: to
contributetothe improvement .of human-health 'through

research, education:and information
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Research goals

B scctor,

Educational goals

http://www.arlotto.com/newsletter/filmshot.png; https://ki.se/en/about/karolinska

-institutet -in-brief

The goal for our research is to achieve scientific breakthroughs that changethe view of
human health and disease aswell asnormal vital processesResearchresults should lead to
innovations and practical applications that can be implemented within the health service

The goal for our educational programs is to strengthen their link to research,and to prepare
the students for engagementin research They should provide the best possible conditions
to work in, lead and continue to developactivities in collaboration with other professions
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Experimental alcohol anddrug dependence research

My research focuses on understanding: cellular- and molecular- mechanisms: that
underly the development: of alcohol use disorders: (AUD), with: a particular
Interest: on understanding: the opioid system role in the development: and
management of AUD. To this aim, we use methods with: single-molecule
sensitivity. and approaches from: dynamical' systems theory..

Functional Fluorescence Dynamic self-regulation of the Early biomarker of
Microscopy Imaging: ((fFMI) neuroendocrine:system amyloid'diseases
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Ethanol effect on the opioid receptor function at the nanoscale level

1. Tobi nCaxJE&, Hong DW, Vikpfg¥viukowdamdvisanan T.
NanosE&fl edcdttshasnmNal t r exoRPeOtgami zati be MRImbs®ahedhyHot oactowal ieMiactrioosncopy ( PALM)

PLoGne2014&B225
2RogakWKGol f@ttobin SJ, Xlar &d Bhawgs HS, Radoi V, BiamgDaY jWaSkveefnindg Indy sBxlo,n Fi,der iJo vAa,nroYm:

Tal i snvaunk oTj ,¥vi |
Dynamic | ateral organizat mowdnd @dMN)iidn rtelte ppgloasmd kragpmlar,ane at the nanoscale | eve

Tr afbDil18%) 6 9-0 0.9

3.Tobin SJ, Wakefi &lukop ¥ Jiovearhdwiiu s man T.

Et hanol and Naltrexone Have Diogtgiamdtz akEfi fommctod Mu tamael Lat er al Nano
Kappa Opioid Receptors in the Plasma Membrane

ACS Chem N2Wly 6i6-8 7.6

4. Laurent A, VBikmdws¥lveTTemMeni us L.
| sdaci ds in Nonalcoholic and AlcohlbilkeSYd«€re| $tsi mmldatNe uGro@wti t hefl i déurSdrem Cel | s.

ACS Bi o Med2 Ch@)mlian

5 Radoi V, Jakobsson G, Palada V, Ni Waskjok@ewiA, VDruid H, Terenius L, Kosek E,
Noi#epti de Opioids DiOpfieori di n( MEXPf)e chAn&H @A) r Miteocreipnt or s Het er odi mer i z @ ,i oEBR&EMEG § CAIlclt i Iva

Mol ec@D@g@)2850
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Mathematical Modeling of HPA Axis Dynamics Using Approaches from
Dynamical Systems Theory

lL.LupGMar k o/MiMal e §,iSt anopA®aimi anSowu K o j\eKolatA n iLl
Dynamic transitions in a model of the hypothalamic-pituitary-adrenal (HPA) axis
Chaos 2016 26(3):033111.

2.LupGBtanopevMar kovi IAnWjUTeremus L, ¥ uk oj\Ve vi |
The HPA axis and ethanol: a synthesis of mathematical modelling and experimental observations.
Addict. Biol. 2017 22(6):1486-1500.

3. Abulseoud OA, Ho MC, ChoiD-S,St anopf eéuppB] Kahigiivukojvwevi i

Corticosterone oscillations during mania induction in the lateral hypothalamic kindled rat i experimental observations and mathematical modeling.
PLoS One 2017 12(5): e0177551.

4.St anopdMar k WMiMa | e §,iKblar-rAniLjifVukoj\ve vi |

Kinetic modelling of testosterone-related differences in the hypothalamici pituitaryi adrenal axis response to stress
Reac. Kinet. Mech. Cat. 2018 123: 17.

5. St anopMar k WMiLIupG|] KAhiaiivukojwevi i

Advances in mathematical modelling of the hypothalamici pituitaryi adrenal (HPA) axis dynamics and the neuroendocrine response to stress.
Current Opinion in Chemical Engineering 2018, 21:84i 95.
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Single-molecule detection of structured amyloidogenic aggregates in body
fluids for early diagnosis of amyloid diseases

1.Ti i marel i, Jarn®eteAnBp gdainb,viRi gl er RGAsTam@uikowyd ¥lv |
Amyl oi dongremplcagubbood serum of (Batdiieretass ewirtelw efsl lozdhdee Mydlrtafivinglor escence intensity f1 ui
J. Al z hei2n@el892s5 7DE 8s2.

2.BoniOt o va A, -WSICh¥danssS| Ti iAdaur€ @223 k n eN ,Barde nM,&b miYrPar ¢ Rem GrVaufkfojClif,,vi'ITjernberg L O, Ter e
L, Wi nbl ad B, Sakmar TP, Gr aham WV.

Conf or meteicamf i ¢ anti bodi es pagaiafmdlcrimaeld tfi pd @ a myriurogldee namy | oi d

J CMdMed201J9%n20dal0O0. 1/1jlclinmm1.1 9

3.AKksne M; Mel | er EG; Ti i manRe VAh ¢ iEMEN ik D0 ,e‘i'/lii"lql'ngaerroe\Ni;il'ulsmamskog, AB.
Amyl oi degroplcaqu€sr ebrospinal Rimyi Bi aiRpetl aakhed o € AN nzphceti bnesre'iass damo €Clyi @aftcor t
J Al zhei R@r07 ®) 83-&4 2

4. Ak s nM, s Tii man A, Edwin TH, Vu'Re)rjaf,rviilﬁrsap_sko@O/g.anovic N,
CompardGemebr ospAmpl oFtdN@mp Icavg CdsBei 0 ma rokAd rzsh e iDmesre'.ass e
Front .NeAwWr 0239c2i126 0 8 6 2181 1

5Ak snM,s Aass HCD, Tiiman ABoEdwinkViMHp| ¥erkkmapssk dg AB.
Cerebrospamyalloifdoareinglcagdgso kairress oci &l e t eGdmesred 621
TramMslurodegedglt)lLa

6.Ak snw,s Aass HCD, Tii BomgdanbvVeéHenkuvsdinapskog AB.
Ser Ammy | oi dvgroplcagn@eg $ o kii Mlesh e iDmesretassRES tl widiy a Namnadrl Meimo€Ciyc @o ltor t
J Al zhei M6 R 2J)BHAKHIA 470
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Functional Fluorescence Microscopy Imaging (fFMI)

1. Vitali M, Bronzi D, Krmpot AJ, Ni k &) SicHmitt F-J, Junghans C, Tisa S, Friedrich T,V u k o j ¥,Teérdnius L, Zappa F, Rigler R.
A single-photon avalanche camera for fluorescence lifetime imaging microscopy and correlation spectroscopy
IEEE J. Sel. Top. Quantum Electron. 2014 20(6): 344-353.

2. Papadopoulos DK, Krmpot AJ, Ni k &N, iKiautz R, Terenius L, Tomancak P, Rigler R, GehringWJ,Vu k o] ¥.v i |
Probing the kinetic landscape of Hox transcription factor-DNA binding in live cells by massively parallel Fluorescence Correlation Spectroscopy.
Mech Dev. 2015 138 Pt 2: 218-225. pii: S0925-4773(15)30029-0.

3. Krmpot AJ, Ni kol il SN, Oasa S, Papadopoul os DK, Vitaldi M, RiguR, 4u Mo j &V kiunV S, Thyberg P, T
Functional Fluorescence Microscopy Imaging (fFMI). Quantitative Scanning-Free Confocal
Fluorescence Microscopy for the Characterization of Fast Dynamic Processes in Live Cells.
Analytical Chemistry 2019 91(17):11129-11137

4. OasaS,Vuk oj e, Riglér RV sigelny IF, Changeux JP, Terenius L.
A strategy for designing allosteric modulators of transcription factor dimerization.
Proc Natl Acad Sci U S A. 2020 117(5): 2683-2686.

5. Oasa S, Krmpot AJ, Ni k &N, iClayton AHA, Tsigelny IF, Changeux JP, Terenius L, Rigler R, Vu k o] ¥.vi |
Dynamic Cellular Cartography: Mapping the Local Determinants of Oligodendrocyte Transcription Factor 2 (OLIG2) Function in Live Cells Using Massively Parallel Fluorescence
Correlation Spectroscopy Integrated with Fluorescence Lifetime Imaging Microscopy (mpFCS/FLIM).
Analytical Chemistry 2021 93(35):12011-12021.

6. Ni k ®N,iObsa S, Krmpot AJ, Terenius L, Be IMR[V u k o j ¥, Riglér R.
Mapping the direction of nucleocytoplasmic transport of glucocorti-coid receptor (GR) in live cells using two-foci spatial cross-correlation and massively parallel Fluorescence
Correlation Spectroscopy (mpFCS)
Manuscript

VladanaVuk oj evi | 6
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APart 1: Introduction to Fluorescence Correlation Spectroscopy (FCS)
and Iits use for the study of fast dynamical processes and molecular
Interactions in solution and live cells

APart 2: Limitations of single-point FCS and recent advances in the
development of massively parallel FC31{(pFC3 with examples of
applications

APart 3: Future perspective and the development of dpFCCS
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Fluorescence Correlation Spectroscopy (FCS) Is: a fluctuation
analysis technique

FCSis a guantitative analytical method with the ultimate, single-molecule sensitivity that
relies on time-resolved detection of fluorescenceintensity fluctuations around a stationary
state and their analysis to characterize the dynamics of processesthat give rise to the

fluorescenceintensity fluctuations. o
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Elliot L. Elson, all papers!

- 8- http://www.fcsxpert.com/
http://www.biophysics.org/portals/1/pdfs/education/schwille.pdf
T. Wohland, S. Maiti, R. Ma ¢ h, &mRintroduction to Fluorescence Correlation Spectroscopy, 2020
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Lord Rayleigh: (John: Strutt') describes scattering of light: by small particles

Einstein:and von: Smoluchowski: work:on the fluctuation theory of light scattering

Svedberg observed fluctuations in:the number of colloidal gold particles under a microscope
Perrin.anticipated fluorescence fluctuation studies

Laser development

Confocal microscope

Solid state single photon detectors

Autocorrelator
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FCSccoupling with confocal microscopy. z short measurement
time:and'single:-molecule: sensitivity
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Limited overview
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FCS measurement in asolution.of’ one fluorescentispecies: (one
component) undergoing- free: 3D diffusion
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Temporal'auto:-correlationranalysis of .fluorescence intensity
fluctuations-generatedby free 3Don 2D diffusion of molecules
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FCSiforithe study of fast chemical reactions

Elson EL. 40 Years of FCS: How It All Began, Methods Enzymol. 2013 518:1-10.

i Aprimary motivation (for FCS development) was to develop a method that could measure the kinetics of
chemical reactions in systems in equilibrium and thereby evade the need to perturb the state of the system,
for example, by temperature jump, as is required for conventional measurements of chemical kinetics.0

Elson EL, Magde D. (1974) Biopolymers 13,1-27.
Ehrenberg M, Rigler R. (1974) Chem. Phys. 4, 390-401.

Recommended reading:

Elson EL. Introduction to fluorescence correlation Spectroscopy-Brief and simple. Methods. 2018 140-141:3-9.
Elson EL. Brief introduction to fluorescence correlation spectroscopy. Methods Enzymol. 2013;518:11-41.

Elson EL. Fluorescence correlation spectroscopy: past, present, future. Biophys J. 2011 101(12):2855-70.

Elson EL. Quick tour of fluorescence correlation spectroscopy from its inception. J Biomed Opt. 2004 9(5):857-64.
Elson EL. Fluorescence Correlation Spectroscopy Measures Molecular Transport in Cells. Traffic 2001 2: 789-796
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FCS for nondestructive characterization of processes in
complex systems

A+B — AB
A>>B
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