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Untersuchen der optischen Stimulation des 
Innenohrs

} Untersuchen der Laser-Gewebe-Wechselwirkung im Innenohr

} Charakterisieren der Lichtausbreitung eines Faserbündels

} Messen der Schallausbreitung mittels Hydrofon und

Schlierenmikroskopie
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Optogenetik und optisch aktive 
Biopolymere

} Optische Induktion von zellulären Prozessen
} 3D-Tissue Engineering
} biokompatible Wellenleiter & opt. miniaturisierte 

Implantate/Wearables
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As the first use of these tools was in the control of neuronal activity  
in vivo, major efforts have been put into screening natural opsins and gen-
erating a variety of chimeric rhodopsin versions with various dynamic 
responses and light sensitivities2 (Table 1 ). In the last five years, the study 
of freely moving animals in which the neuronal activity of specific cells 
can be controlled by light has provided truly unprecedented insights into 
neuronal connectivity and circuitry, cognition and behavior9–13. These 
tools have also been used in the field of developmental biology, enabling 

precise mapping and control of the cardiac pacemaker14,15 or the auto-
mated control of embryonic stem cell differentiation16.

These astonishing developments have motivated biologists to 
extend the optogenetic toolbox to soluble light-gated modules engi-
neered from other natural light-sensitive proteins. Flavoproteins 
attracted particular interest because of their riboflavin-based chro-
mophore, either flavin adenine dinucleotide (FAD) or flavin mono-
nucleotide (FMN), which is naturally present in most cells. For some 

Figure 1 | Using light to control proteins in living systems. (a) The high spatiotemporal resolution of light actuation makes it possible to address 
biological processes with a wide range of temporality (from seconds for enzymatic reaction to days for tissue renewal) at various spatial scales (from less 
than micrometers for organelles to centimeters for animals). Upon increasing the illumination requirements (e.g., smaller field and/or shorter light pulse to 
access better resolution in space and time), it becomes possible to control proteins with light (actuation) at smaller spatial and temporal scales. (b) Light 
gives control over protein function either directly by changing its active state (1) or by modifying its effective concentration via its rate of synthesis (2), 
rate of degradation (3) or compartmentalization (4). The timing of the response varies from few milliseconds to hours, depending on the chosen method.

a

b

d

Closed Open

Inactive Active

Inactive Active

Light

Light

Light

N
H

Lys
+

+

–
–

+
+

–
–

N
H

Lys

Light

HNNH

O2C CO2

H
N O

NH

O

HNNH

O2C CO2

HN
O

NH

OS SCys Cys

N

N

NH

N
R

O

OSH

Cys

N
H

N

NH

N
R

O

OS

Cys

Light

Light
c

e

f

Figure 2 | Light control of proteins with genetically encoded photoactuators. (a) Microbial rhodopsins can be expressed in neurons to regulate 
membrane potential; these proteins interact with the chromophore retinal, which is present in most cells. (b) The intracellular domain of vertebrate 
rhodopsins can be exchanged with the intracellular domain of specific GPCRs to photocontrol specific signaling cascade (IP3, DAG or cAMP). (c) Light-
induced conformational changes in the LOV or in the CRY domain have been used to control protein localization, transcription or activity of a fused 
protein. (d) In rhodopsins, illumination drives isomerization of a double bond of the chromophore, thereby modifying its geometry. (e) In the case of 
the LOV domain, photoexcitation induces a covalent thioether bond between bound FMN and a highly conserved cystein residue of the LOV domain. 
(f) Phytochromes contain a covalently bound chromophore (bilin or biliverdin). Upon exposure to light, isomerization of the chromophore induces a 
conformational change in the protein, modifying its interaction properties.
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Entwicklung von neuen optischen Methoden zur Zellmanipulation
Optische Pinzette Nichtlineare 

Optogenetikgefangenes 
Partikel

Zelle

Verbindung mit 
Mikrofluidik

Upconverting
Nanopartikel

biokompatible Hydrogele

Femtosekunden-
Laser Beamlets für 
Optogenetik

Als Waveguide, 
Linse und Fenster
für die biologische 

Anwendung
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Mit Physik Regeneration verstehen 

Der Herzinfarkt in der Petrischale!
1. Nutzung von Herzzellaggregaten mit 

unterschiedlichen Zellen: Muskel, 
Endothel, Bindegewebe

2. Bildgebung mittels 
Multiphotonenmikroskopie

3. Laserablation von einzelnen Zellen

Optischer 
Aufbau

Laserablation 
weniger 

Herzzellen
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Muskelzellen –
wie funktioniert 

Kraft?

Mini-Darm in 
Zellkulturschale
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Ultrakurze Laser in der Augenheilkunde
und HNO

} OCT-Bild-geführte fs-Chirurgie am Auge und an 
Stimmlippen

} OCT mit Raytracing
} FEM Simulation
} ZEMAX
} Optische Aufbauten
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Kontakt und Anbindung an die LUH

Biomedizinische Optik — Heisterkamp, Ripken

} Laser Zentrum Hannover e.V. 
} Wissenschaftspark Marienwerder / Uni Campus Garbsen
} Abteilung Biomedizinische Optik
} Prof. Heisterkamp, Institut für Quantenoptik
} 5 PostDocs, 8 Doktoranden / WiMi, 12 Studenten
} Frauenquote: WiMi: 30 %; Studenten: ~ 50 %
} Vorlesungen: Lasermedizin, Biophotonik, (Photonik, Optik)
} Kontakt: 

Alexander Heisterkamp — heisterkamp@iqo.uni-hannover.de
Tammo Ripken — t.ripken@lzh.de — www.lzh.de

www.biophotonics.uni-hannover.de
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