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1.Your explanation for a general audience:

During neuronal development, it’s critical that neurons are able to direct axons to their proper 
synaptic targets. This process is facilitated by growth cones that are located on the growing 
ends of axons, as well as various environmental cues. My project is specifically interested in 

how a protein called Flamingo/FMI-1 regulates axon guidance. Previous research has shown 
that loss of Flamingo leads to axon guidance defects in a subset of GABA-containing motor 
neurons called VD neurons in C. elegans (microscopic worms; great model organism). Research 
shows that another group of proteins called flavin monooxygenases also causes similar axon 
guidance defects in VD and DD motor neurons when their function is inhibited. I previously 
created double mutants inhibiting the function of FMI-1 and one of five flavin monooxygenases 

via cross-breeding to determine if they work together to facilitate axon guidance, and found 
that fmi-1;fmo-5 mutants show fewer axon guidance defects than their respective single 
mutants. This suggests that the proteins may work in a mutually-antagonistic fashion to 
maintain homeostatic balance during axon outgrowth. Previous literature shows that one 
function of flavin monooxygenases is the oxidation of actin. The molecular antagonists of 

oxidases are reductases, and growing axons extend through the constant oxidation and 
reduction of actin on growth cones. Thus we hypothesized that Flamingo may function in a 
pathway leading to the reduction of actin on developing growth cones. To test this hypothesis, 
I made a loss-of-function mutation in MSRB-1, which is a known reductase of actin in humans 
and fruit flies, in fmi-1 and fmo-5 backgrounds. All mutants were made with a genetic marker 

that makes VD/DD neurons and their axons fluoresce green, and I analyzed axon guidance 
defects using fluorescence microscopy.  

Moving onto the results section, the first defect I scored was commissure defects. During 
typical development, VD/DD neurons send an axon anteriorly (towards the head of the animal), 
which then extends from the ventral nerve cord (VNC) to the dorsal nerve cord (DNC) to form a 
commissure. From there the neuron extends its terminal processes. Figure 2 shows this 

stereotypical development of VD/DD neurons. Figure 3b shows a commissure failing to reach 
the dorsal nerve cord and 3c shows an axon incorrectly wandering towards the tail of the 
animal. We also scored animals that had abnormal branching off of commissures (not pictured). 



Table 1 shows that loss of MSRB-1 restores these defects in fmo-5, but not fmi-1 mutants. The 
second defect I scored was axon extension defects. Figure 4a shows typical axon termination, 
in which the DNC and VNC terminate at approximately the same position in the tail. Figure 4b 

shows an under extension defect, and 4c shows an overextension defect. Loss of MSRB-1 
begins to restore these defects in fmo-5 mutants and offsets the distribution of these defects in 
fmi-1 mutants, as shown in Figure 5. The last defect scored was a specific defect previously 
observed in fmi-1 mutants in which the neuron incorrectly directs its initial process posteriorly 
(towards the tail). A schematic of stereotypical VD neuron formation and this posterior neurite 
(PN) defect is shown in Figure 6 (a and b). 6c and 6d show what this defect may look like in an 

animal. In Table 2, we see again that loss of msrb-1 restores these defects more efficiently in 
fmo-5 mutants than fmi-1 mutants. In conclusion, these results suggest that Flamingo/FMI-1 
and MSRB-1 function in the same genetic pathway. In future studies, we will express msrb-1 in 
other mutant backgrounds to determine if it restores axon guidance defects, and this will help 
us identify in which cell type MSRB-1 (and eventually FMI-1) functions. 

Questions/comments? Feel free to reach me at maya@ku.edu. 

2.Your explanation for a professor from your department:

As you know, proper neuronal development requires neurons to send their axons to their 

proper synaptic targets. My lab is interested in how cell-adhesion molecules facilitate this 
process. Previous research has shown that loss-of-function mutations in the cadherin-like 
protein Flamingo/FMI-1 can result in axon outgrowth defects in VD motor neurons in C. 
elegans. C. elegans also encode five flavin monooxygenase (FMO) proteins which are similar to 
the FAD binding domain in the multi-domain protein MICAL (Molecule Interacting with CasL). 
Mutations in fmo-1, fmo-4, and fmo-5 can result in axon branching defects and excessive 

projection of growth cone filopodia in VD/DD neurons. Due to these similar phenotypes, we 
investigated the relationship of Flamingo and FMOs. We found that fmi-1;fmo-5 mutants 
showed fewer axon guidance defects than their respective single mutants, suggesting the 
proteins to be functionally antagonistic. Previous research indicates that an enzymatic function 
of flavin monooxygenases is the oxidation of actin, leading us to hypothesize that Flamingo 

may function in a pathway that leads to the reduction of actin on developing growth cones. To 
assess this, I tested a loss-of-function mutation in MSRB-1, a known reductase of actin in 
humans and Drosophilia, in fmi-1 and fmo-5 mutant backgrounds. All mutants were made by 
cross-breeding and VD/DD neuron formation was scored using GFP markers and fluorescence 
microscopy.  



The first defect I scored was commissure defects. VD/DD neurons typically send an anterior 
process, which then projects to the dorsal nerve cord (DNC) to form a commissure, and finally 
extends terminal neurites on the DNC and VNC (shown in Figure 2). Figure 3b shows a 

commissure failing to reach the DNC and 3c shows a commissure projecting posteriorly before 
reaching the DNC. We also scored animals that had ectopic branching off of commissures (not 
pictured). Table 1 shows that loss of MSRB-1 restores these defects in fmo-5, but not fmi-1 
mutants. The second defect I scored was axon extension defects. Figure 4a shows typical axon 
termination, in which the VNC and DNC terminate at approximately the same position in the 
tail. Figure 4b shows an underextension defect, and 4c shows an overextension defect. Loss of 

MSRB-1 begins to restore these defects in fmo-5 mutants and offsets the distribution of these 
defects in fmi-1 mutants, as shown in Figure 5. The last defect scored was a specific defect 
previously observed in fmi-1 mutants in which the neuron incorrectly directs its initial process 
posteriorly. A schematic of stereotypical VD neuron formation and this posterior neurite (PN) 
defect is shown in Figure 6 (a and b). 6c and 6d show what this defect may look like in an 

animal. In Table 2, we see again that loss of msrb-1 restores these defects more efficiently in 
fmo-5 mutants than fmi-1 mutants. In conclusion, these results suggest that Flamingo and 
MSRB-1 function in the same genetic pathway. In future studies, we will express msrb-1 in other 
mutant backgrounds to determine if it rescues axon guidance defects in order to identify in 
which cell type it functions. 

Questions/comments? Feel free to reach me at maya@ku.edu. 


