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Research Interests 

1. Regulation of synaptic vesicle transport and molecular motor motility in C. elegans 
Neuronal cells are composed of a cell body and long cytoplasmic processes termed 

dendrites and axons. In the neuronal cell body proteins are synthesized, packed in vesicles and 
transported long ranges thru the axon and dendrites to the synapses. The neuronal processes 
are, however, overloaded with vesicles, synaptic precursors, molecular motors and 
cytoskeletal elements. Thus, it is not surprising that defects in the motor-cargo transport 
system can lead to abnormal aggregation of disease proteins and concomitant neuronal cell 
death. It is remarkable that many of these disease-related proteins have been identified as 
motor-interacting proteins or proteins present in cargo. For example Alzheimer's disease 
occurs due to the accumulation of amyloid precursor proteins which is a cargo for the 
molecular motor KIF5A. A mutation in the motor dynein rescues axonal transport defects and 
extends the life span of ALS (Amyotrophic lateral sclerosis) mice. LIS1 is associated with 
dynein while a mutation in LIS causes lissencephaly (severe mental retardation and poor 
control of movement). A mutation in the molecular motor KIF1Bbeta causes the human 
peripheral neuropathy Charcot-Marie-Tooth disease type 2A (leading to severe muscle 
weakness, inability to perceive touch, pain and temperature changes). A single base-pair 
change in the p150 Glued subunit of the motor adaptor protein dynactin causes LMN (lower 
motor neuron disease). Finally, senile dementia is based on neuronal cell death caused by 
defects in the transport of synaptic vesicle precursors by the molecular motor KIF1A.  

These examples show that proper regulation of the motor-cargo transport system is critical 
and that many neurodegenerative diseases display accumulation of cargo based on defects in 
molecular motors. However, the mechanisms of cargo transport and the regulation of motors 
on the molecular level is only partial known. One of the basic questions is how to explain the 
frequent observed bidirectional movement of molecular motors and vesicles. One common 
hypothesis is that one vesicle binds multiple types of motors and they either act in a 
cooperative manner or they compete with each other in a tug-of-war. In contrast to 
bidirectional movement of vesicles (on which surfaces can bind multiple cargos), the frequent 
observed bidirectional movement of single GFP-tagged motors might be explained by direct 
interaction of an opposing motor. One of our hypothesis is that bidirectional movement of 
anterograde (from the cell body to the synapses) moving kinesins can be explained by a direct 
and regulating interaction with retrograde moving dynein (from the synapses to the cell body) 
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and that this regulating interaction may be mediated by the dynein-cargo adaptor protein 
dynactin.  

We are also interested in how molecular motors are targeted to synaptic sites. Based on 
this interest we are currently studying the interaction between the molecular motors 
KIF1A(UNC-104) and KIF17(OSM-3) and the presynaptic density/active zone proteins 
RIM(UNC-10), MALS/Veli(LIN-7) and CASK/MAGUK(LIN-2). 

2. Bio-Chip and AFM-based nano-mechanics system: mechanical properties of neurons 
isolated from C. elegans with neuropathological phenotypes grown on a Bio-Chip 
investigated by atomic force microscopy (AFM) 

In the past decades tremendous scientific effort has been made on curing 
neurodegenerative diseases as Alzheimer's, ALS, Huntington and lissencephaly. Surprisingly, 
most recent progress on neurodegenerative diseases shows that in many cases cytoskeletal 
proteins are involved in these serious diseases not only affecting aged but also young people. 
However, recent focus on biomedical research is based on classic biochemical, molecular 
biological and genetic techniques only. Due to fact that the cytoskeleton affects the 
mechanical properties of the cells, we believe that it is of importance to focus on developing a 
disease model which includes proposed changes in mechanical properties of pathological 
neurons. We propose a mechanism by which the cytoskeletal damage (due to 
neurodegenerative disorders) may largely reduce the stiffness of axons which may result in 
loosening the connection to a neighboring neuron, thus, affecting synaptic signaling. To prove 
the above hypothesis is correct, neurons isolated from model organism C. elegans will be 
employed to study the elasticity variation in different inherit neurodegenerative disease 
phenotypes. Two basic tools will be employed, a Bio-Chip for neuron growth (and localized 
stimulation) and a AFM (atomic force microscopy) based nano-mechanics system for the 
investigation of the elasticity of the neuron. 

3. Bio-Chip system to identify neural stem cells from a mixture of human tissue 
containing neural precursor cells: In collaboration with Prof. Tseng Fan-Gang from the 
Dept. of Engineering and System Science (Nano/Micro Biotechnology and Fluidics lab) and 
Prof. Chen Linyi and Prof. Yeh Shih-Rung from our Department of Life Sciences we are 
currently designing and testing a bio-chip that allows for identifying neural precursor cells 
from a mixture of cells isolated from human tissue extracts. The process allows for on-chip 
preselecting of neural precursor cells and on the same chip for identifying differentiated 
neurons based on axonal outgrows and verifying of action potentials after electrical 
stimulation. The chip will help to identify the amount of stem cells able to differentiate into 
neurons from human tissue extracts not only as a fully-automated quality control system but 
also for further growing and maintaining of identified and isolated differentiated neurons.  
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4. Mapping the brain of C. elegans ("the mind of the worm ver. 2"): In collaboration with 
Prof. Chiang Ann-Shyn, Prof. Lo Szecheng (Chang Gung University) and and Prof. Wu 
Yi-Chun (NTU) we are using high resolution confocal microscopy to build-up a complete 
map of C. elegans head-neurons. We will determine changes in neuronal connectivity and 
circuits upon aging and in mutants with neuropathological phenotypes 
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