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ABSTRACT

Optogenetics is a powerful tool to investigate and control cell activity on the cellular level. As part of PoL RA5, we have developed a
holographic light stimulation platform at the competence center BIOLAS which is capable of addressing single cells with sub-cellular
spatial resolution or cell groups simultaneously with arbitrary light patterns. Stimulation can be performed with two wavelengths to
both activate and inhibit cell activity concurrently. Here, we present our latest optogenetic in-vitro experiments on human induced
pluripotent stem cell-derived cardiomyocytes and neuronal networks. Our work aims on investigating physical disease dynamics on
the tissue level in cardiac organoids by combining 3D holographic stimulation with a depth-resolved detection of contraction activity.

LABEL-FREE INVESTIGATION OF CARDIAC TISSUE DYNAMICS HUMAN NEURONAL NETWORK ANALYSIS N

(a) L=1.68 (0.01) (b) L=1.79 (0.04) (c) L=1.73 (0.06)

Aim is the extraction of temporal oo R N
LASER evolution of connectivity graphs, :
e.g. for disease modelin
660 nm 5 5 O )
Exemplary maps from different evalutation modes e
,Light stimulus
( Electrical response
d‘ , ‘ Functional electrode-electrode connection
A4
Functional neuron-electrode connection
C Al
Extraction of functional connectivity maps
from single-cell stimulation trials. Left:
g i et Connectivity from baseline recordings (no
e . e e b . stimulation). Center: Electrode-electrode
Left: Simplified scheme of the optical setup for holographic stimulation (orange path) and label-free connectivit) for comparicon with baseline
imaging (red path) of the hiPSC-CMs; components: SLM spatial light modulator, L lens, S sample, M Baseline Holographic y P '

Electrode-Electrode  Electrode-Electrode Neuron-Electrode Right; Neuron-electrode connections.

Full field stimulation Holographic stimulation

mirror, C camera. Center: Widefield (top) and speckle image (bottom) of the same cardiac monolayer.
Right: Stimulation pattern (top, illuminated area visualized in black) and respective hologram (bottom).

Scale bars: 2 mm. r’f h\"‘* 83 e e * e 3
. 7 At in ms At in3r§18 ‘ ‘.' Srofi Sro £ro
> fl =067Hz EERRE R 700 24_/ 3 Bus
5 g 1 1 = i A = 600 300 .‘-..____._,-I::‘-:; 041::. 200 400 ms a‘:gu 200 400 ms -?u 200 400 ms
s 5" : £
§ E 0.5 500 250 £ 5 :5:1
'? 0 L 400 200 as;ﬂ 200 400 ms GBI; .200 200 ms nsgn. 280 400 ms
0 2 4 6 8 10 12 14 16 18 300 150 . s : éi’
: l 200 100 45 N z
| 100 50 | - . - . . i
| . SEsmos 2 mm 0 Extraction of connectivity motifs from Peristimulus Time Histograms [m]* -l [m]
0 2 4 6 8 10 12 14 16 18 0 . . . . o e »
time tin s (PSTH). Full Field stimulation (left) masks individual neuron responses. s
Left: Optical pacing of hiPSC-CM cultures (orange lines indicate stimulation times). Middle and right: Single-Neuron stimulation allows discrimination of direct (e.g. 45, right)
Optogenetically induced rotating contraction pattern (middle: spatiotemporal stimulation pattern, and indirect responses (e.g. 83, right). o
: . : Schmieder, F., Habibey, R., Striebel, J., Buattner, L., Czarske, J. & Busskamp, V. “Tracking connectivity maps in
\_ rlght' response of the ca rdlomyocytes). y khuman stem cell-derived neuronal networks by holographic optogenetics”, Life Science Alliance 5, (2022) y
REAL-TIME WAVEFRONT MONITORING N
_ At in ms At in ms plane
MlZ\II — B9 I200 500 ' | e . " cardioversion sucess rate (N=109)
166 500 7 delay @ | 2 9817 %
133 | Nl Sdes = 9ca- 180° AS | control | trigger | ©100 o
100 200 © 1 2 3 4 0 —, program "g 80 477 %
600 spiral phase TR S 60
66 ' Vi hologram NN\\N\%\\\ cardiac 8
33 300 N \\\\; , 9 40 0
measurement &\\\\&\g\ \& tissue “= o0 19.63 %
e 00 0 Q ) 9, 7 - 467 % 0,93 %
O 05 1 " 1.5- 2 25 3 { -< 0 outside corrected with1 with2 with3 with 4
L imeins e tolerance stimulus stimuli stimuli stimuli
Wavefront characterization from ROIs. Left: Isochrone max(Agp.q) in ®

map of plane contraction; white arrow indicates the

Left: Schematic of the closed-loop control of

measured propagation direction. Middle: Isochrone map . _ _ — Smeas=Jdes
of spiral-shaped contraction. White boxes indicate contraction wave propagation. Top right: - S
regions of interest (ROIs). Top right: ROl time traces & Number of successful propagation angle - — stimulation
during plane and spiral-shaped contraction. Bottom 3% corrections over all tries and numbers of _
right: Maximum measured phase difference over successful  correction after 1,23 and 4 X
rotor core position (x.|y.) , normalized by the stimulations. ~ Bottom  Left: ~ Wavefront ' 0 15 20 25 30 35
maximum distance d,., between an ROl and the ROI propagation angle errors during an experiment. time in s
| center point. L y
OUR VISION . w
oo Depth-resolved Simultaneous  three- Investigation of
analysis of cardiac dimensional tW(?' se|f.organizing
contraction wave- photon optogenetic cardiac organoids
- fronts with high cellular excitation with with perpetual
555 Spatiotempora| temporal fOCUSing an.d excitation
= || = ~_/ I=" resolution based on Al-supported  three-di- wavefronts using
*, 00 00 3D single-shot mensional partlde three-dimensional
. ot Rty tkie microscopy and tracking ~ with  engi- cellular excitation
el moons)  modetator (BLM) image meamera P g particle position neered point  spread and movement
_ tracking. functions. traCking. y

UNIVERSITATSMEDIZI B|0|_AS

PHYSl CS G OTTI N G E UNIVERSITATS BIOMEDICAL COMPUTATIONAL LASER SYSTEMS
AUGENKLINIK BOMMN

OF LIFE




	Folie 1

