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Branching morphogenesis occurs in development of many internal organs, including kidneys and lungs. Tissue branching involves symmetry-breaking, causing some cells to become branch leaders while other cells remain in place. This symmetry-breaking is not well understood. 
The project aimed to test one of the hypotheses on branching formation. The hypothesis was that mechanical curvature can directly influence branching, with convexity encouraging and concavity inhibiting cell advance. Shroom3 protein drives actin to associate with myosin (McGreevy et al., 2015). It localises in the apical membrane of epithelial and endothelial cells, and thus Shroom3 activation leads to apical constriction and epithelial folding (Loebel et al., 2016). 
In the project, Madin-Darby Canine Kidney (MDCK) cells with optically-activated Shroom3 (OptoShroom) were used. Wild type MDCK cells in 3D cultures undergo branching when treated with HGF. The aim of this project was to see if OptoShroom-containing MDCK cysts in 3D culture would undergo branching without HGF when OptoShroom is activated with blue light.      
An additional aim of the project was to create a protocol for creating mixed cysts of OptoShroom-containing and wild type cells for future experiments.
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Project Outcomes and Experience Gained by the Student (no more than 700 words)
Project outcomes:
Cell culture plates containing both wild type and OptoShroom-containing cells were prepared in red light and kept in darkness. At days 11 to 13 after starting the culture, one plate was illuminated with blue light, while the other one remained in darkness. 
Images of illuminated cysts (3 per well in a 24-well plate) were taken before illumination and 24 h, 48 h and 72 h after the start of illumination. Images were also taken 24 h after illumination was ceased. The images of cysts in the non-illuminated condition were taken at corresponding times.
At all imaging times, wild type cysts were of regular shape, and mostly had single lumens. OptoShroom cysts had multiple lumens, and were of less regular shapes. Statistical analysis and comparison of images before and 72 h after illumination has indicated that OptoShroom cysts were elongating and their symmetry was breaking (p = 0.003 when compared to wild type and p = 0.08 when compared to non-illuminated OptoShroom, in which some symmetry-breaking could have occurred due to weak OptoShroom assembly in the dark).  
Additionally, a protocol for developing mixed cysts was created, indicating that cysts containing both wild type and OptoShroom cells can form. Patches of specific cell type tended to form due to colony growth from single cells but cysts with more scattering were also observed. 
Experience gained:
I was trained in creation and maintenance of both 2D and 3D cell cultures. I have learnt to use an inverted microscope and to statistically analyse obtained images. I gained experience in designing experiments, understanding their outcomes and localising the sources of errors in the experiments.
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Optogenetic Shroom3 in branching morphogenesis
Branching is a process important in development of organs such as lungs and kidneys. Branching occurs when one of the cells starts to grow more than the others, becoming the leader of branch’s tip. The project’s hypothesis was that mechanical forces make some cells to grow more than others, with convexity encouraging growth and concavity inhibiting it. 
The project used Madine-Darby Canine Kidney (MDCK) cells that form cysts in 3D culture and are capable of branching when treated with HGF. MDCK cells were engineered to contain a light-activated version of Shroom3 protein (OptoShroom). Shroom3 drives actin-to-myosin association (McGreevy et al., 2015). Shroom3 localises on the apical domain of cells (Figure 1). Its activity promotes apical constriction, leading to epithelial deformation (Loebel et al., 2016).
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Figure 1. OptoShroom (green) localises on the apical side of MDCK cysts.
The project’s aim was to test whether OptoShroom activation would cause some cells to grow more than others and become branch leaders. Wild type and OptoShroom cysts were cultured in darkness. Half of the cysts were illuminated with blue light at days 11 to 13.  
The comparison of cyst images before and 72 hours after the start of illumination indicated that OptoShroom cysts were elongating and their symmetry was breaking (p = 0.003 when compared to wild type and p = 0.08 when compared to non-illuminated OptoShroom, in which some symmetry-breaking could have occurred due to weak OptoShroom assembly in the dark; Figure 2).  
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Figure 2. At illumination day 0, both wild type and OptoShroom cysts had round, regular shapes. At day 3, OptoShroom cysts were elongated and their symmetry was broken, while wild type cysts morphology did not change.
The outcomes indicate that mechanical curvature might be a mechanism for branch formation, however further studies are needed.
References:
McGreevy EM, Vijayraghavan D, Davidson LA, Hildebrand JD. Shroom3 functions downstream of planar cell polarity to regulate myosin II distribution and cellular organization during neural tube closure. Biol Open. 2015 Jan 16;4(2):186-96. 
Loebel DA, Plageman TF Jr, Tang TL, Jones VJ, Muccioli M, Tam PP. Thyroid bud morphogenesis requires CDC42- and SHROOM3-dependent apical constriction. Biol Open. 2016 Jan 15;5(2):130-9. doi: 10.1242/bio.014415.
Brief Resume of your Project’s outcomes: (no more than 200-250 words). 
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Optogenetic Shroom3 in branching morphogenesis
During development, tissues undergo changes in their shape. One of such morphogenetic events is branching, present in organs like lungs and kidneys. This project aimed to investigate the mechanism through which branching occurs. Branching takes place when one of the cells starts to grow more than the others, becoming the branch tip leader. It was hypothesised that mechanical forces are causing some cells to grow more than the others, with convexity encouraging growth and concavity inhibiting it. 
Madine-Darby canine kidney (MDCK) cells were engineered to contain a light-activated protein, Shroom3 (OptoShroom). Shroom3 localises on one site of the cysts that are formed by MDCK cells. When activated, it causes tissue folding. In the project, light was shone on cells to investigate if mechanically-induced curvature will make some of the cells become branch leaders. After 72h of illumination, OptoShroom MDCK were elongating more than wild type cysts, and their symmetry was breaking more. The difference was not as big when compared to non-illuminated OptoShroom cysts, probably due to some Shroom3 activation even in darkness. The project provided pilot data indicating that mechanical influences might be involved in tissue branching, however further studies are needed.
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Figure 1. OptoShroom (green) localises on the apical side of MDCK cysts.
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Figure 2. At illumination day 0, both wild type and OptoShroom cysts had round, regular shapes. At day 3, OptoShroom cysts were elongated and their symmetry was broken, while wild type cysts morphology did not change.
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