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Photoactive Microorganisms in Nature

» microbes are the oldest and most abundant form of life on Earth
» photosynthetic microalgae are the primary producers of biomass on Earth

3 planktonic state

i marine phytoplankton
algal blooms in Baltic Sea

-54

longitude [°

biofilms on surfaces

cyanobacteria communities
in Antarctica
interstitial space of porous media

conquered (and adapted to) all habitats and ecosystems



Photoactive Microorganisms in Biotechnology

photosynthetic (“green”) microalgae may produce hydrocarbons

photo-bioreactors for biofuel production: bio-diesel, bio-ethanol, bio-methanol, airplane fuel
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biological hydrogen synthesis by green microalgae: towards a green fuel cell
* hydrogenase: biological hydrogen synthesis > —_

biophotovoltaics: algae-powered solar cells
« convert light into electric current

synthesis of pharmaceutical agents
» synthesis of proteins for HIV drugs



The Model Organism Chlamydomonas
nhardii

* unicellular, biflagellated green microalga

* approx. 10 microns diameter

* two flagella (beating frequency of 50-60 Hz)
* puller-type microswimmer (100 pm/s)

* chloroplast (perform photosynthesis)

* biological model system

surface-adhered state




The Model Organism Chlamydomonas
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Occurence

Non-Sticky Cells or Sticky Cells?
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MAX-PLANCK-GESELLSCHAFT

Chlamydomonas reinhardtii
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Experiment Simulation
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« Experiments and simulations match (no fitting parameter)

T. Ostapenko et al., Phys. Rev. Lett. (2018)



Motility and Navigation of Chlamydomonas in

%

onfinement
rownian dynamics simulations
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Ostapenko et al., Phys. Rev. Lett. (2018).
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Motility and Navigation of Chlamydomonas in
Gandieamiebiiuidic experiments and Brownian dynamics simulations
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Oil-in-water
formation of a

microemulsion:
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artificial microswimmers

MAX-PLANCK-GESELLSCHAFT

,Oil' is a liquid crystal (5CB)
water contains TTAB > cmc.

Drops just consist of fuel:
run for many hours!
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Droplets:
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collective behaviour

MAX-PLANCK-GESELLSCHAFT
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Swarming studies e dimensions

MAX-PLANCK-GESELLSCHAFT

Plankton: swarming in turbulent flow

X m m z translation
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a minimal model of intelligence

time t < T

PHYSICAL REVIEW LETTERS

MAX-PLANCK-GESELLSCHAFT

week ending
19 APRIL 2013

Causal Entropic Forces

A.D. Wissner-Gross '+

* and C.E. Freer

Simple model of intelligence:
maximization of the number of future options to move

This represents a minimal encoding of the external
(i.e., an ,internal cognitive map®) by just a single number
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VT Y=ol MTal I [ (=0 SWarming behaviour

MAX-PLANCK-GESELLSCHAFT

rénge of imagination (,intelligence®)

Ol
) o (@] o <o
O %
® +$ ] Qx @ Q@ Q & FAN & single particles ®
® I I O0OFLE OO O08 B A A
® -+ H 0 0O &8 B 5o/ o op p line fragments ®
e -+ 00 O0B8BDLDJ AL |‘
e I OB O0O0O0DBOLBDCL nes
e OO0 J8O0O0O0C0OL - e
® ® + -+ (1 (][] [ [J 1 [] []
e e ¢ | I OO ODOODOODO | number den 5|ty
® @ ¢ ¢ + H H [ I H O
® @ @ & & I I 0O H O H
e 0000 -+ - - + 0+ _
® ¢ ¢ » & + + + ® + + + |
® @ @ ® ® ®» o & - + 0 + o
® ® & 8 & O & & & O 0 O
0.04 0.06 0.08 0.1 N

Marco
Mazza -



The Model Organism Chlamydomonas
reinhardtii

* unicellular, biflagellated green microalga

* approx. 10 microns diameter

* two flagella (beating frequency of 50-60 Hz)
* puller-type microswimmer (100 pum/s)

* chloroplast (perform photosynthesis)

* biological model system

dhototaxis glliding motility
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Ueki et al., PNAS 113 (2016). Shih et al., eLife e00744 (2013).




Micropipette Force Spectroscopy for Biophysical

Studies
PN nN VI MmN N Force
—
A nm um mm m Length
(Fluid) AFM Dynamometers

Micropipette Force

Optical Tweezers
P Sensors

Force Gauges

» visualization and force
measurement through optical
microscopy (e.g. fluorescence)

* in vivo measurements of living
/ matile cells and tissue

* time-resolved measurements

» forces in micro- and
mesoscale living systems

M. Backholm & O. Baumchen,
Nature Protocols (in review).

C. Kreis et al.,
Nature Physics (2018).



In vivo Micropipette Force Spectroscopy of Microalgae

» experiments are performed analogous to AFM force-distance experiments
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C. Kreis et al., Nature Physics

(701 Q)



In vivo Micropipette Force Spectroscopy of Microalgae
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In vivo Micropipette Force Spectroscopy of Microalgae

» flagella mediate the adhesion between the microalga and a solid surface
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In vivo Micropipette Force Spectroscopy of Microalgae

» flagella adhesion can be triggered by light

* blue-light photoreceptor triggers adhesion 25 -
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In vivo Auto-Adhesion Experiments
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In vivo Auto-Adhesion Experiments
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Molecular Mechanism of Light-Switchable Flagella
. fl%gln%éﬂ&ane proteins (FMG-1B) are involved in the adhesion during gliding
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Light-Switchable Surface Association of Cell
-wﬁmight: light-switchable surface colonization (fully reversible)

* delay time of cell adhesiveness, « surface mobility (gliding)
its variability and the adsorption rate
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Brownian trajectories X’
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\ V= -7+ Fo + h(@)

* we can study the dynamical effects of such CEF



Light-Switchable Collective Effects in Chlamydomonas
ML ispensions

b )< * generic collective effect
A (NN
/e \

» confinement effect

* light-switchable effect

J. Frey
A. Fragkopoulos
(unpublished data)



Take Home Messages & Summary S :

» adhesion of Chlamydomonas is switchable by light N
« evolutionary adaptation of photoactive microalgae to \h -

optimize the photosynthesis in their natural habitats

Force / nN

Adhesion

— . 10.8 S i ! force
Delay time @& ﬁ Approach
' 'o A 5 f‘ \ —Retraction
24.8s 5 10 15
x Dlstance / Hm

C. Kreis, M. Le Blay, C. Linne,

o

]
=

20

Light on ——
NU / 92104

<«—— Light off
N

Deflection / um

2735

oéoc'h-ib-l'\:o

1 | . . . 173 M. Makowski, and O.
-100 0 100 200 300 Béumchen

Nature Physics 14, 45-49

« wall curvature guides navigation in confinement - Chlég8Bmonas suspensions:
collective effects in confined geometries

Time /s

» colonization and biofilm formation in porous

T. Ostapenko, F.J. Schwarzendahl, T. J. Boddeker,
C.T. Kreis, J. Cammann, M.G. Mazza, and O.

Baumchen,
Phvecical Raview | etteare 120 OGRRLNON2 (201 Q)
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