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Discussion
Regenerative medicine (RM) shows the possibility to 
regenerate 3D tissue and organs from patients’ own 
cells given an appropriate extracellular 
microenvironment. A better understanding of the 
structure-function relationship between cell surface 
proteins, known as integrins, and the families of 
collagens, proteoglycans, and glycoproteins that make 
up the extracellular matrix (ECM) is crucial in further 
developing RM. Crystallization of complex proteins 
remains the limiting factor to their characterization by 
x-ray diffraction but recent studies show improved 
protein crystals grown in microgravity environments. 
The use of a ground-based, microgravity protein 
crystallization unit operation has application to RM on 
earth and in space.
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One of the biggest limitations in the current research of the 
realization of RM therapeutic products is the development 
of scaffolds, which stem cells utilize to seed themselves onto. 
The scaffolds are tunable to specific tissues and must mimic 
the Extracellular Matrix (ECM), which is critical to growth 
and autonomy of the living tissue. For advancement of this 
research, the structure-function relationship between the 
cell receptors, known as integrins, and the collagen fibers, 
proteoglycan complexes, and glycoproteins must be better 
understood. Figure 1 shows a labeled diagram of the ECM. 

Protein crystallography allows for protein structures and 
functions to be studied. Analysis of these complex proteins 
has proven to be difficult through protein crystallization 
because of the low-quality characterization through x-ray 
diffraction. However, studies have shown a way to improve 
the quality in crystals by growing crystals in a microgravity 
environment, which can be simulated on Earth.  

Figure 1. Extracellular Matrix Diagram. [1]
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• Convection currents are essentially zero, allowing 
protein molecules to naturally vibrate in random 
motion and migrate slowly into a 3-D structure [3]

• Many studies completed on protein crystallization in 
microgravity environment on space shuttles and 
aboard the International Space Station (I.S.S.)

• Can be simulated in on-ground experiments through 
centrifugation and microfluidic channels [4]
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Figure 4. X-ray Diffraction Schematic [5]. 

Sitting-Drop Vapor-Diffusion [6]

X-ray Diffraction [5]

• Initiated by water vapor diffusing out of the drop 
until osmolarity of the bottom pure precipitant 
and the drop are equal – dehydration in drop

• Concentrations altered, shown in Fig. 2

• Equilibrium reached in nucleation 
zone

• Nucleation – crystals begin to form 
• Supersaturation of solution must 

be reached to form crystal 

• Incident beam of x-rays interfere with 
each other as they leave crystal

• Diffraction pattern recorded
• Determines crystal structure

Figure 6a. High-resolution crystal 
structure of a collagen triple helix. [7]

Figure 6b. Unwounded segment of 
collagen triple helix. [7]

Figure 6c. Staggered strands of 
segment shown in Fig. 6b. [7]
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• Cellular response, mediated by integrins, is dictated by the structure and chemistry of 
collagen fibers [8]

• In vitro fiber formation and stabilization are the processes to make collagen scaffolds, 
which can be altered for different tissue types 

• To better understand the networks, collagen structure can be observed through protein 
crystallization in microgravity

Figure 7. Fluidic Channel Diagram. 

Refining a way to better understand the structure and 
function of complex proteins like collagen is crucial in 
the development of RM therapeutic products. Growing 
crystals in a microgravity environment, whether it be 
through a simulated on-ground experiment or aboard 
the International Space Station, will be a key factor in 
producing high quality images to understand the 
structure of complex proteins. Once these interactions 
between the cell surface proteins are better 
understood, scaffolds for RM products can be better 
formulated to mimic the microenvironment of the 
cells. Given a successful outcome of the long term 
objective of this work to improve protein crystallization 
methods via microgravity environments, a clearer 
understanding of how cell integrin proteins interact 
with ECM proteins (collagens, proteoglycans, and 
glycoproteins) will result in optimal and precise 
biomanufactured stem cell/scaffold composites for a 
wide range of personalized, regenerative medicine 
tissue products. There remains many more limitations 
and challenges in the field, including the refinement of 
the biomanufacturing bio-unit operations, which 
include 3D bioprinting, electrospinning, and bioreactor 
systems. 

Unit Gravity

Microgravity

Force of gravity on Earth’s surface 
= 1g = 9.8m/s2

Presence of very low gravitational force, 
state of free fall/weightlessness as 
experienced in space = 1x10-6 g [2]

Figure 5. Protein 
Crystallization of 
Lysozyme in Unit 

Gravity after 1 week.

Results
• Control in microgravity experiments - conduct the same crystallization 

protocol on the bench under unit gravity conditions
• Sitting-Drop Vapor-Diffusion on micro-bridges in sealed well
• Protein – Lysozyme from chicken egg white
• Crystallization Reagent – Sodium Acetate Trihydrate Buffer 
• Began nucleating roughly 24 hours after protocol completed
• After one week, visual confirmation of lysozyme crystals can easily be 

seen in the center of the microwell as depicted in Figure 5

Lysozyme – Unit Gravity Experiment


