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Introduction 

Recombinant protein engineering can create highly reproducible and customizable Elastin-like Proteins (ELP) for 
hydrogels mimicking natural cell environments. ELP hydrogels are used to host adipose-derived stem cells as a 
tissue-like environment to maximize the adipogenesis during the differentiation process. To monitor adipogenesis in 
this soft and hydrated 3D environment, Coherent Anti-Stokes Raman Scattering (CARS) Microscopy was 
implemented as a label-free and non-invasive technique at a single cell level. 
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Picosecond pulsed laser system:  

(HighQ/APE 7 ps, 76 MHz): 

• Stokes: 1064 nm, 30 mW 

• Pump/Probe: 817 nm, 20 mW 

Microscopy Setup 

Detected Signals:  

• Multi Photon Excited 

Fluorescence (MPEF) 495-530 nm 

• Coherent Anti-Stokes Raman 

Scattering (CARS) 2845 cm-1 
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Hydrogels: 

• 5 or 7.1 wt/v% ELP  

• chemical crosslinker 

(Tris(hydroxymethyl)phosphine) for Lysine 

groups  

• cells  (9000c/5µl hydrogel) 

• up to 2.5 wt/v% Poly ethylenglycol  

(Addition of PEG improves imaging depth up 

to 200-300 µm)  
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collagen c. ELP c. ELP 5% ELP 7.1% 

plastic Matrigel c. Matrigel dil. Matrigel p. 
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Fluorescently labeled (Calcein-
AM, green) cells on collagen 

coating with lipid vesicles 
(CARS, yellow) 

 

Fluorescent marked 
(Calcein-AM, green) 
cells in a 5% ELP 
hydrogel with lipid 
vesicles (CARS, yellow) 
(z-thickness: 45µm) 

Unlabeled cells in a 
5% ELP hydrogel 
(intrinsic MPEF – 
cells + matrix, cyan) 
  with lipid vesicles 
        (CARS, yellow)  

Depletion of dead cell causes 
cavities in the 5% ELP hydrogel 
as vizualized via the intrinsic 
fluorescence (grayscale) of the 
ELP network 

Surviving interconnected 
cells  on collagen, plastic 
and ELP coating, as well as 
some cells in the 5% ELP 
hydrogel 
In contrast: only round 
phenotype in matrigel  

double string DNA is 
found in all samples 

indicating living cells 
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CARS (orange, red)) and 
MPEF (blue) images of 
adipocytes differentiated 
for 14 days on collagen 
coated glass. 

Cells with Matrices 
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Live (Calcein-AM green)/Dead (ethidium 
homodimer-1, red) fluorescence staining  
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• Cell adhesion to a RGD-fibronectin 

binding site in the hydrogel 

• Elastic module similar 

to adipose tissue 
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From Ref [1] 


