
Multiphoton Crosslinked Biopolymer Matrices as Scaffold Material for Neuronal Cell Networks 
Eric Spivey,1 Stephanie Seidlits1, Christine Schmidt1, Jason Shear2. 

1Department of Biomedical Engineering, The University of Texas at Austin, Austin, Texas, USA. 
2Department of Chemistry and Biochemistry, The University of Texas at Austin, Austin, Texas, USA. 

Statement of Purpose:  Multiphoton excitation from 
femto- and picosecond pulsed lasers promotes 
photochemical crosslinking in aqueous biopolymer 
solutions, and has been used to fabricate two- and three-
dimensional biocompatible protein microstructures.  The 
microstructures can be used for a range of analytical, 
biochemical, and biomedical applications, including the 
guidance of neuronal cell processes [1].  Neuronal cell 
growth and development can be highly dependent on the 
chemical and physical characteristics of the local 
microenvironment [2,3]; the glycosaminoglycan 
hyaluronic acid (HA) has shown to have a profound affect 
on neural development and repair [4].  Thus, we are 
creating HA-based microstructures for neuronal guidance; 
in particular we have examined the effect of adjusting 
fabrication parameters on the chemotactic and mechanical 
properties of bovine serum albumin (BSA) and HA-based 
conjugate matrix structures. 
Methods:  
Materials – Benzophenone, succinimidyl ester (Invitrogen 
B1577) was conjugated to aminobiotin (Pierce Chemical 
21347). For some experiments, flavin adenine 
dinucleotide (FAD, Sigma F6625) was used as a 
photosensitizer instead of BP.  Biotin (AnaSpec 21113) 
and tetramethylrhodamine (TMR, Invitrogen C-6123) 
were also conjugated to BSA (BAH64-0100; Equitech-
Bio, Kerrville, TX) for some experiments. HA (Lifecore 
Biomed. GSP252-10-1) was methacrylated using glycidyl 
methacrylate (Sigma 64161) [5]. 
Microstructure Fabrication – We primarily used a 
frequency-doubled (532-nm) diode-pumped Q-switched 
Nd:YAG laser (NG10320-110; JDS Uniphase) with 
average power >25 mW, pulse width of  600 ps, and 
repetition rate of 7.65 kHz.  We used a Nikon Eclipse 
Inverted Microscope with either a Nikon 40x Air Plan 
Fluor (NA 0.6) or Nikon 60x Oil Plan Fluor (NA 1.4) 
objective to focus the beam, and a PI E-710 digital piezo 
controller with a PI P-563 piezo nanopositioner to 
translate the sample and create the matrices. Controls 
consisted of BSA at concentrations between 200-300 
mg/ml and either 10 mM benzophenone-biotin conjugate 
or 5-10 mM FAD.  Methacrylated HA (GMHA) was 
added to BSA solutions (to create HA-BSA composites) 
in concentrations of 10-100 mg/ml for some experiments. 
Functionalization and Quantification – Crosslinked matrix 
blocks were rinsed 10 times in deionized water, incubated 
for 30 min with 5 µM Neutravidin™ (Pierce Chemical, 
31000), rinsed 10 times again, incubated for 30 min with 
2 µM biotin-TMR conjugate (Invitrogen, T-12921), and 
rinsed a final 10 times.  Matrix blocks were imaged on a 
Zeiss Axiovert with an Olympus 40x UPlanFLN objective 
(NA 0.75) and standard filters from Chroma.  Images 
were taken with a Hammamatsu C47-42 98 digital camera 
and quantified using ImageJ.  Mechanical properties were 
measured with an Asylum MFP-3D-BIO AFM. 

Results:  Initial results suggest that by combining 
solutions of BSA and HA at different concentrations of 
HA, we can control both the chemical and mechanical 
properties of the matrix material. 

 
Figure 1. 

Fig. 1 shows representative raster blocks of crosslinked 
matrix material. All matrix blocks were crosslinked using 
200 mg/ml BSA, in which 10% w/w was a conjugate of 
BSA and fluorophore tetramethylrhodamine (TMR).  
Each set of blocks has different concentrations of non-
fluorescent GMHA (scale bar 10 µm). 

 
Figure 2. 

Fig. 2 shows a quantitative comparison of matrix 
fluorescence.  A fluorescence image of each block was 
quantified and averaged with other blocks of the same 
type.  Error bars represent the standard deviation of the 
mean fluorescence of all blocks of the same type. 
AFM experiments were conducted to generate force-
indentation curves by probing the raster blocks with an 
AFM cantilever of known spring constant.  Preliminary 
data from these experiments show that there is a 
significant (7-fold) reduction in matrix elasticity when 
GMHA is added to the matrix. 
Conclusions:  Multiphoton crosslinking of biopolymers 
offers a flexible, inherently three-dimensional method of 
fabricating micro-scale structures for tissue engineering 
applications.  Fabricated structures are non-cytotoxic and 
the method of fabrication allows rapid prototyping.  We 
show that changing the concentration of HA in a BSA-
HA matrix structure affects the chemical and mechanical 
properties of the matrix in a measurable and predictable 
way.  Future work will focus on quantifying the 
dependencies of matrix chemotactic and mechanical 
properties fabrication variables, including polymer and 
photosensitizer concentration, and laser fluence. 
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