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Statement of Purpose: Hydrogel scaffolds offer many 

advantages such as moldability and biocompatib ility for 

engineering tissue constructs in biologically relevant scale (tens 

to hundreds of micrometers) for regenerative medicine and 

pharmaceutical drug discovery applications. However, inefficient 

nutrient transfer, gas exchange and waste disposal have been the 

main challenges in developing hydrogel-based tissue constructs 1-

2. To overcome these challenges, researchers have introduced 

micropores and microfluidic channels  to hydrogel scaffolds, 

which can enhance mass transport significantly 3-4. Porous 

hydrogel scaffolds have been fabricated by sucrose-crystal 

leaching gas foaming, photolithography. However, these methods 

suffer from several limitations, e.g., complexity to perform and 

inefficiency to form interconnected pores and microchannels  5-6. 

To address these challenges, we developed a sacrificial cell-based 

method to fabricate hydrogel scaffolds embedded with 

microflu idic channels and interconnected pores using printing 

technology. 

 

Methods:  Bacteria (e.g., GFP modified E. coli) were used as 

liv ing porogens (i.e., sacrificial cells) with precise spatial control 

over the size and density of pores and microchannels , Figure 1a. 

To determine the channel forming concentration, we performed 

the complete procedure in various concentrations. E. coli 

(800,000 CFU/mL) were mixed with 0.5% agarose at 40˚C.  

Agarose-bacteria mixture was printed on a 1% agarose pre-coated 

petri d ish and covered with another 1% agarose layer on top. The 

printed samples were cultured in LB-Broth EzMixTM at 37˚C. E. 

coli was then lysed using SDS and the debris was cleaned with 

PBS and deionized  water leav ing an empty space. To track 

bacterial v iability and growth in  printed hydrogels, we used 

Live/Dead BacLight kit. 

 

Results:  To determine the effect of print ing process on E. coli, 

we investigated bacterial v iability before and after printing. As 

shown in Figure 1b, no significant effect of printing process was 

observed in the viability of E. coli after live-dead staining, when 

compared with manually pipetted control. The results also 

showed that concentrations over 100,000 CFU/mL facilitate the 

microchannel format ion maybe by decreasing colony-colony 

distance. Further, we investigated fabricating channels through 

seeding localized bacteria at h igh concentrations (800,000 

CFU/ml, Figure 1c-e). After 4-day cu lture, a  continuous line was 

formed by merging adjacent E. coli colonies (Figure 1c-d). To 

show the line is in 3D, we took the cross section images (Figure 

1e), which show that bacterial colonies merge together during 

culture to form a 3D channel. The init ial localization and density 

can be controlled by printing spatially the bacteria where 

channels are desired in the 3D gel architecture. The printed 

bacteria grow after printing and the bacterial co lonies merged 

afterwards.  

 

Figure 1. Bacterial  printing for fabricating  microfluidic 

hydrogels. (a) Schemat ic of the fabrication of microflu idic 

hydrogel process. (b) Bacterial viability before and after printing. 

(c)-(e) Microchannel format ion using sacrificial living cells. (c) 

Top view of bacterial colony chain in 0.5% agarose. 

Fluorescence images of top view (d) and cross-section view (e) 

of a microchannel formed by merged bacterial colonies. 

Conclusions:  In th is study, we have developed a new method to 

fabricate microchannels in hydrogels using E. coli colonies as 

liv ing porogens. The E. coli colonies, which are printed in the 

hydrogel, were viab le over 7 day culture and merged with 

adjacent colonies, thus forming microchannels in the hydrogel. 

This method would allow us to create hydrogel-based porous 

tissue constructs and to provide better nutrient transfer, gas 

exchange and waste disposal.  
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