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MONDAY, OCTOBER 24!
 
 
Andreas Nebenführ 
Title: Rapid Movement Inside Plant Cells Provide Many Challenges 
 
Abstract: Cytoplasmic streaming in plant cells has been recognized for 
more than 200 years, but its function in normal cell physiology has still 
eluded scientists. In order to gain a better understanding of the specific 
effects of these rapid movements on cellular processes, we are developing 
tools to dissect the mechanisms that drive these movements. Analysis of 
potential disruptive effects requires detailed quantitative analysis of 
subcellular dynamics which is often hampered by technical limitations 
and the sheer complexity of the movements. This talk will illustrate some 
of the hurdles that have to be overcome in order to allow for a full 
understanding of intracellular movements. For example, contrary to the 
commonly used term ‘cytoplasmic streaming’ we find that many 
organelles do not participate in a general streaming but instead exhibit 
saltatory motions making there movements appear erratic and difficult to 
predict. In addition, movement tracks can cross or organelles may 
appear to merge due to limited optical resolution, posing additional 
complications for image analysis.  
 
 
Luis Vidali 
Title: Myosin XI chaotic oscillations precede F-actin’s during polarized 
growth of Physcomitrella patens cells. 
 
Abstract: Tip growth is essential for land colonization by bryophytes, 
plant sexual reproduction, and water and nutrient uptake. Because this 
specialized form of polarized cell growth requires both a dynamic actin 
cytoskeleton and active secretion, it has been proposed that the F-actin-
associated motor, myosin XI is essential for this process. Nevertheless, 
the relationship between myosin XI and F-actin during tip growth is not 
known. Here, we use the highly polarized cells of the moss Physcomitrella 
patens to show that myosin XI and F-actin localize, in vivo, at the same 
apical domain and their signals exhibit an oscillatory pattern. These 
oscillations may represent an ancestral oscillator to the one observed in 
other plant tip growing cells such as pollen tubes and root hairs. 
Furthermore, we found that both signals follow chaotic dynamics, and 
surprisingly, phase analysis shows that myosin XI increase precedes F-
actin’s.  The results from chaos analysis revealed a process with five 
degrees of freedom, which suggests the observed oscillations are driven 
by the interactions of only three more players in addition to F-actin and 
myosin XI. 
 



Julien Berro 
Title: Tracking endocytic patches for quantitative microscopy in yeast 
  
Abstract: Quantitative microscopy methods have been developed to 
count locally and globally molecules in cells. These methods are based on 
a confocal microscope that is calibrated to convert the pixel intensity of 
fluorescent proteins into a number of molecules. We have successfully 
applied these methods to study the dynamics of assembly and 
disassembly of the protein machinery during clathrin-mediated 
endocytosis in fission yeast. The quantitative data we have collected were 
analyzed in the light of a mathematical model that allowed us to get 
deeper insights on the molecular mechanisms of the actin cytoskeleton 
during endocytosis. We are currently working on automating these 
methods to collect high-quality data at a high rate. However, we are 
facing several challenges. Endocytosis is a fast process and the imaging 
rate is limited which makes harder the tracking of non-overlapping 
individual patches. Endocytic proteins have also different abundance 
(over 3 orders of magnitude) and their signal to noise (or to cytoplasmic 
background) ratio is not always optimum. In addition, the intensity of the 
molecular markers and the nature of their movement in 3 dimensions 
varies continuously during the process. Finally, individual tracks for the 
same protein or for different proteins have to be aligned on objective 
criteria such as intensity or movement. The automation of patch tracking 
will also allow us to develop new tools and methods based on 
quantitative microscopy. 
 
 
 
Petros Koumoutsakos 
Title: Image Driven, Multiscale Modeling of Biological Systems 
 
Abstract: I will discuss an engineer's perspective in the formulation of 
image driven computational models for biological systems. The 
discussion will be based on our methodological developments on 
multiscale particle methods and their application to a number of 
biological problems including: FRAP simulations in an image 
reconstructed Endoplasmic Reticulum, tumor induced angiogenesis and 
the reverse engineering of stochastic models for in-vivo virus transport 
on microtubules. The simulations of these systems will be analyzed in 
terms of validation possibilities and computational requirements.  
 
 
 
 
 
 



Larry Griffing 
Title: Mapping the plant cell’s circulatory system: Movement and flows 
in the endoplasmic reticulum.  
 
Abstract: The endoplasmic reticulum (ER) is a complicated organelle. Its 
persistent subdomains have been recognized for decades: the nuclear 
envelope, the plasmodesmatal plasmotubule, regions specific to 
endomembrane organelles to which it contributes and gives rise 
(peroxisomes, lipid bodies, Golgi, and plasma membrane), and regions 
associated with the semi-autonomous organelles, mitochondria and 
chloroplasts. The nature of the flow and transport between these 
persistent domains and the organelles they serve is now becoming 
understood.  However, its potential role as a truly 3D circulatory network 
that reduces the dimensionality of lipid and protein flow to persistent 
subdomains through less-persistent tubules and cisternae is generally 
unrecognized. Here, I desconstruct the ER into persistent and non-
persistent tubules and cisternae using morphometric image analysis. 
Such persistency mapping has revealed the nature of actinomyosin 
involvement in movement of the ER through remodeling. Flows within 
more persistent tubules and cisternae can be mapped using fluorescence 
recovery after photobleaching (FRAP). FRAP mapping reveals areas of 
directional and gated diffusion within the tubule networks, again driven 
by actinomyosin. Generation of directional flows by ER remodeling can 
be described mathematically using an electrical circuit analog. However, 
extending such mapping to entire, realistic 3D networks is a formidable 
technological and mathematical challenge. Finally, I have recently 
discovered that the site that potentially gates the flows between the 
chloroplast and the ER is light sensitive. Using this and other conditions 
that limit or control directional movement within the network, 
parameters can be discovered which may allow the descriptive, and 
perhaps predictive, finite element modeling of the flows within this 
network of motile and flexible nanotubules and cisternae. 
 
 
John Lu 
Title: Multi-dimensional Fourier Transform for Representation and 
Comparison of Complex Cell Shapes.  
 
Abstract: Shape analysis based on expertly defined landmarks is well 
established and well-studied in the statistics literature. However, there 
are limitations to this approach, as there are myriad situations where no 
clearly defined landmarks exist, such as in the study of biological cells or 
particles in nature. Furthermore, conventional shape metrics such as 
aspect ratios often are not adequate to distinguish and describe complex 
forms.  A rigorous mathematical representation of shape is needed to 
provide an objective approach for describing complex forms or any 



general shapes. In this talk, we focus on a particular class of 
representation through the multidimensional Fourier transform, which 
provides an efficient way of representing and compressing high-
resolution shape boundary data. It is a more general form of the various 
Fourier descriptors that have been proposed in the literature including 
biology, geology and computer vision. In particular, we discuss how a 
nonparametric regression framework and model selection or smoothing 
can be used to determine a sufficient set of Fourier descriptors that 
captures the salient features of any complex form and from which we 
define a discrete vector, which we call a spectral gram, as the ultimate 
representation of shape. As a case study, we demonstrate how the 
defined metrics can be used to analyze two populations of primary 
human bone marrow stromal cells (hBMSCs) based on confocal image 
data collected at Carl Simon’s lab at NIST.   
 
 
Panos Stinis 
Title: Improved particle filters for multi-target tracking  
 
Abstract: Multi-target tracking is a central and difficult problem arising 
in different contexts ranging from military applications to biology. The 
tracking problem consists of computing the best estimate of the targets' 
trajectories based on noisy measurements (observations). In this talk we 
will present a novel approach for improving particle filters for multi-
target tracking. The suggested approach is based on drift homotopy for 
stochastic differential equations. Drift homotopy is used to design a 
Markov Chain Monte Carlo step which is appended to the particle filter 
and aims to bring the particle filter samples closer to the observations 
while at the same time respecting the target dynamics. We have used the 
proposed approach on the problem of multi-target tracking with a 
nonlinear observation model. The numerical results show that the 
suggested approach can improve significantly the performance of a 
particle filter. This is joint work with Vasileios Maroulas. 
 
 
Jonathan Weare 
Title: Some tools for sampling complex probability distributions 
 
Abstract: This talk will survey my efforts with coworkers to develop and 
analyze Monte Carlo sampling algorithms for complex (usually high 
dimensional) probability distributions. In the context of bio-molecular 
simulation the algorithms can be used, for example, to estimate free 
energy differences or reaction rates. These sampling problems are 
typically difficult because they are badly scaled and/or they 



have energetic or entropic barriers separating metastable regions. They 
cannot be solved accurately by standard sampling methods.  
 
 
 
TUESDAY, OCTOBER 25 
 
 
Ram Dixit 
Title: Tracking and measuring microtubule dynamics in living cells 
 
Abstract: Microtubules are dynamic polymers that form specific arrays 
to carry out different cellular functions. Regulation of the microtubule 
polymerization dynamics plays a critical role in the assembly and 
function of microtubule arrays. Therefore, tracking and measuring 
microtubule dynamics is essential to understand how cells construct 
particular microtubule arrays. Currently, automated tracking and 
analysis of microtubule dynamics from images obtained using live-cell 
microscopy is difficult because of microtubule crowding and extensive 
bundling of microtubules. These issues, combined with limitations of 
spatial and temporal resolution in time-lapse and Z-stack images, pose 
significant challenges for developing automated microtubule tracking 
algorithms. In addition to being able to track single microtubules, the 
ability to automatically detect and analyze microtubule activities such as 
severing and nucleation is highly desirable. Furthermore, tracking the 
binding and/or motility of microtubule-associated proteins in multi-
color, live-cell images remains a problem of wide interest. 
  
 
Jennifer Ross 
Title: Remodeling Microtubules Through Severing 
 
Abstract: Microtubules are cytoskeletal filaments that organize 
intracellular space structurally and through active transport along their 
lengths. They need to be organized and remodeled quickly during 
development of differentiated cells or in mitosis. Much work has focused 
on remodeling from the ends of these long polymers that can 
stochastically disassemble through dynamic instability or be actively 
disassembled. Microtubule-severing enzymes are a novel class of 
microtubule regulators that create new ends by cutting the filament. We 
are interested in the inherent biophysical activities of these proteins and 
their ability to remodel cellular microtubule networks. Interestingly, 
despite first appearances, severing has the ability to create new 
microtubule networks in cells. We use two-color single molecule total 
internal reflection fluorescence imaging to visualize purified severing 
enzymes and microtubules in vitro. We have examined two families of 



severing enzymes to find that their biophysical activities are distinct 
giving them different network-regulating abilities. 
 
 
Speaker: Erkan Tuzel 
Title: The transport and deformations of cargo tracks in cells   
 
Abstract: Organelle motility is essential for the functioning of the 
eukaryotic cell. Actively modifying intracellular structures allows cells to 
change and adapt to different conditions. One of these cellular structures 
is the microtubule cytoskeleton, which is comprised of polarized 
filaments that function as tracks to transport cargo via molecular 
motors. While there is a great deal of work on the cooperative motility of 
organelles over microtubules (MTs), less is known about the 
deformations and transport of the microtubules themselves.  Recent 
experiments on LLC-PK1 epithelial cells provide strong evidence for 
motor driven buckling of microtubules, suggesting that the cell is 
regulating the MT array via active force generators.  The corresponding 
MT curvature distribution is non-Gaussian, with a pronounced 
exponential tail. Curvature distributions measured in gliding assays are 
similar to these in vivo distributions. This similarity is remarkable since 
in this simple in vitro system, only thermally fluctuating, non-growing 
MTs and MT-based motors are present. It turns out that in the gliding 
assays, non-functional molecular motors mimic the role of passive cross-
linkers in living cells.   Here we will present coarse-grained simulations of 
MT deformation and buckling on gliding assays. Our extensive Brownian 
dynamics simulations yield curvature distributions which are consistent 
with those measured experimentally, and exhibit interesting scaling 
properties. We will then describe recent experimental results  for the 
curvature distribution of actin in entangled solutions, and show that it 
has the same non-Gaussian  form as the in vivo and in vitro MT 
curvature distributions. Finally, we will discuss the implications of our 
results for cargo transport in cells.  
 
 
Imogen Sparkes 
Title: On the move: Correlating plant organelle movement with function 
requires better quantification of movement characteristics. 
 
Abstract: Organisms are made up of cells, the building blocks of life. 
Inside each cell is a microenvironment containing membrane bound 
compartments (organelles) housing the components required to carry out 
certain biochemical reactions. In plants, organelles move along an 
internal actin scaffold using molecular motors, myosins. Movement 
appears almost random, with organelles displaying a range of 
movements; stationary, stop and go, fast bi/unidirectional. Organelle 



movement appears to correlate with function. For example, organelles 
cluster around sites of pathogen attack. The hypothesised function is for 
delivery of components to ‘fight’ infection.  
The big questions I am trying to address are; 

! What controls organelle movement? 
! Why do organelles move? 

In order to begin to answer these questions a better way of quantifying 
movement needs to be employed. Current methods include displaying 
organelle velocity data as average rates of movement or cumulative 
distribution frequencies. Both will be discussed including the limitations 
of current methods.   
 
 
Liza Pon 
Title: Mitochondrial dynamics and inheritance in budding yeast 
 
Abstract: Mitochondria undergo a pattern of movement during yeast cell 
division that resembles chromosome movement. Both structures undergo 
bidirectional movement to opposite poles of the cell followed by 
anchorage at the poles. Poleward movement and anchorage at the poles 
leads to equal segregation of chromosomes and yeast mitochondria 
between mother and daughter cells. The poles of the yeast cell are the 
bud tip and the tip of the mother cell distal the bud. Anterograde 
movement, towards the bud tip, is necessary for inheritance of 
mitochondrial by daughter cells.  Retrograde movement, from the bud 
towards the mother cell, contributes to retention of mitochondria in the 
mother cell. Movement of mitochondria and virtually all cargos in 
budding yeast, is dependent upon actin cables, bundles of actin 
filaments that align along the mother bud axis and undergo assembly- 
and myosin-driven retrograde flow from the bud tip towards the mother 
cell. Mmr1p, a member of the DSL1 family of tethering proteins, mediates 
anchorage of mitochondria to ER membranes in the bud tip. Mutations 
that affect mitochondrial motility or bud tip anchorage results in a 
decrease in the amount of mitochondria in the bud. Mutations that 
compromise anchorage of mitochondria in the bud tip also affects 
mitochondrial quality control during inheritance.  In wild type cells, fitter 
mitochondria, which are more reducing and have less reactive oxygen 
species (ROS), are preferentially inherited by daughter cells and less fit 
mitochondria are preferentially retained in mother cells. In contrast, 
daughter cells bearing a deletion in MMR1 either contain highly fit 
mitochondria or highly unfit mitochondria. mmr1! cells that have highly 
fit mitochondria have a lifespan that is 30% longer than that of wild-type 
cells, and those that have highly unfit mitochondria age prematurely. 
These studies support a role for mitochondria as aging determinants, 



and a role for the machinery for mitochondrial quality and quantity 
control during inheritance. 
 
 
Omar Quintero 
Title: Cellular powerhouses on the move:  open questions about actin-
based mitochondrial dynamics 
 
Abstract: Mitochondria play critical roles in healthy cellular function, 
most importantly the production of energy inside the cell. These 
“powerhouses” must be able to move to locations within the cell where 
energy needs are high, and alterations in these transport mechanisms 
have been associated with human disease. My group has recently 
identified a novel, actin-based mitochondrial motor, Myosin XIX 
(MYO19).  We are currently investigating actin-based mitochondrial 
transport in vertebrate systems through a biochemical approach 
(investigating the chemomechanical properties of the MYO19 motor), and 
a cell-based approaches to identify cellular situations where MYO19 may 
function.  Studying the cellular roles and motor properties of MYO19 will 
aid in the understanding of mitochondrial transport in both healthy and 
disease conditions. 
 
 
Anja Geitmann 
Title: Quantification of vesicle dynamics during plant cell morphogenesis 
 
Abstract: In plants, cellular growth and cell division implicate the 
assembly of new cell wall surface. In cells undergoing mitosis, the new 
wall surface is assembled to divide the two daughter cells, whereas in 
growing cells the insertion of new cell wall material prevents the 
expanding wall from rupturing due to thinning. However, this addition of 
material does not only have the purpose to prevent mechanical failure, 
the targeted addition of softer material does also allow the cell to 
determine the shape resulting from the growth process. This is achieved 
by modulating the spatial distribution of mechanical properties in the 
extracellular matrix. The targeted deposition of the material necessary for 
the assembly of new surface - cell wall polymers and membrane - is 
therefore a crucial regulatory feature in plant development. The 
intracellular delivery of this material is generally performed by vesicles, 
but how is the logistics of this transport process regulated in space and 
time? Monitoring and quantifying the dynamics of these vesicles in the 
living cell is severely challenged by the small size of these organelles 
which is below the diffraction limit of the optical microscope. Particularly 
in situations when vesicles move rapidly and/or in dense clouds, 
conventional particle tracking methods are therefore powerless. By 
combining high temporal and spatial resolution confocal laser scanning 



microscopy with advanced imaging techniques originally developed for 
the analysis of molecular movements (STICS, spatio-temporal image 
correlation spectroscopy), we monitored the intracellular dynamics of 
vesicles in two plant cell systems displaying intense material delivery 
activity: the growing pollen tube and dividing BY-2 cells. We used these 
motion data to generate dynamic profiles for these systems and we aim 
at modeling mathematically the principal mechanisms governing 
intracellular trafficking.  
 
 
Yan Mei Wang 
Title: Single-image molecular analysis for accelerated fluorescence 
imaging 

Abstract:  We have developed a new single-molecule fluorescence 
imaging analysis method, SIMA, that improves the temporal resolution of 
single-molecule localization and tracking studies to millisecond 
timescales without compromising the nanometer range spatial resolution 
[1,2,3,4].  In this method, the width of the fluorescence intensity profile 
of a static or a mobile molecule, imaged using submillisecond to 
milliseconds exposure time, is used for localization and dynamics 
analyses.  We apply this method to three single-molecule investigations: 
(1) axial localization precision measurements, (2) subdiffraction 
molecular separation measurements, and (3) protein diffusion coefficient 
measurements in free solution.  Applications of SIMA in studying 
intraflagellar transport processes and photosynthetic antenna complex 
energy transfer mechanisms will also be discussed.   

[1] Shawn DeCenzo, Michael C. DeSantis, and Y. M. Wang, “Single-image 
separation measurements of two unresolved fluorophores,” Optics 
Express, 18, 16628-16639, (2010) 

[2] M. DeSantis, S. DeCenzo, J. L. Li, and Y. M. Wang, “Precision analysis 
for standard deviation measurements of single fluorescent molecule 
images,” Optics Express, 18, 6563-6576,  (2010) 

 [3] Shannon Zareh, Michael C. DeSantis, J. Kessler, J. L. Li, and Y. M. 
Wang, “Single-image diffusion coefficient measurement of proteins in free 
solution,” PNAS, in review, (2011) 

[4] M. DeSantis, S. Zareh, X. L. Li, R. Blankenship, and Y. M. Wang, 
“Single-image axial localization precision analysis for individual 
fluorophores,” Optics Express, in review,  (2011) 

 
 



 
Peter Hinow 
Title: The DNA binding activity of p53 displays reaction–diffusion 
kinetics 
 
Abstract: The tumor suppressor protein p53 plays a key role in 
maintaining the genomic stability of mammalian cells and preventing 
malignant transformation. In this study we investigated the intracellular 
diffusion of a p53–GFP fusion protein using confocal fluorescence 
recovery after photobleaching (FRAP). We show that the diffusion of p53–
GFP within the nucleus is well described by a mathematical model for 
diffusion of particles that bind temporarily to a spatially homogeneous 
immobile structure with binding and release rates k1 and k2, 
respectively. The diffusion constant of p53–GFP was estimated to be 
Dp53–GFP = 15.4µm2s!1, significantly slower than that of GFP alone, 
DGFP = 41.6 µm2 s!1 . The reaction rates of the binding and unbinding 
of p53–GFP were estimated as k1 = 0.3 s!1 and k2 = 0.4 s!1, 
respectively, values suggestive of non–specific binding. Consistent with 
this finding, the diffusional mobilities of tumor–derived DNA binding 
mutants of p53 were indistinguishable from that of the wild type protein. 
These data are consistent with a model that under steady state 
conditions, p53 is latent and continuously scans DNA, requiring 
activation for sequence–specific DNA binding. 
The emphasis in this talk will be on the close interplay between 
mathematical modeling, statistical analysis and designing 
photobleaching experiments. 
 
References 
[1] P. Hinow, C. Rogers, C. E. Barbieri, J. A. Pietenpol, A. K. 
Kenworthy and E. DiBenedetto, The DNA binding activity of p53 displays 
reaction– diffusion kinetics, Biophys. J. 91:330–342 (2006) 
 
 
WEDNESDAY, OCTOBER 26 
 
 
Sebastian Y. Bednarek 
Title: Seeing Stars:  A need for automated single particle tracking of 
endocytic events at the plant cell cortex 
 
Abstract:  My lab’s primary research focus to date, has been on the 
membrane trafficking processes that mediate plant cytokinesis and cell 
expansion.  Using complementary genetic, biochemical, and imaging 
approaches we have recently identified a number of plant-specific and 
evolutionarily conserved proteins that appear to function in clathrin-
mediated membrane trafficking during cytokinesis and cell expansion.  



Aided by the development of an imaging technique that we refer to as 
variable angle epifluorescence microscopy (VAEM), we have shown that 
these proteins assemble into dynamic subdiffraction size-limited foci at 
the plant cell plasma membrane that appear to be sites of clathrin-
mediated endocytosis.  In contrast to total internal reflection fluorescence 
microscopy, VAEM imaging uses highly oblique subcritical incident 
angles of illumination to decrease background fluorophore excitation 
allowing for imaging of dynamic events at or near the plasma membrane 
of individual cells in whole plant tissues or suspension-cultured cells in 
real-time with high sensitivity and high signal-to-noise (Konopka and 
Bednarek 2008 Plant J.).  
 In our previous studies, quantitative analysis of the colocalization 
and dynamics (lifetime and intensity) of fluorescent fusion proteins in 
endocytic foci (Konopka  et. al. 2008 Plant Cell; Konopka and Bednarek, 
2008 Plant Physiol.) was laboriously performed on individual events 
whose fluorescence intensity increased above a designated threshold 
assigned to each time-lapse VAEM image for !2sec.  The development 
and application of automated single particle tracking (SPT) algorithms 
would overcome this partially subjective and rate limiting step for data 
analysis and permit higher-throughput processing of multiple samples 
and experiments. 
 
 
Dejan Milutinovic 
Title: Force Localization and Mapping (FLAM) from Intravital Video 
Microscopy 
 
Abstract: Motility is an important property of immune system cells. It 
provides cells with the ability to perform their function not only at the 
right time but also in the right place. In this talk, we introduce the 
problem of modeling and estimating an effective force field directing cell 
movement by the analysis of intravital video microscopy. A computational 
approach is proposed for solving this problem without dealing with a 
parametrized spatial model of the field in order to avoid potential errors 

due to inaccurate spatial model assumptions. We consider the dynamics 

of cells similar to the dynamics of distributed agents typically used  
in the field of swarm robotics. The method utilizes a fixed-interval 
Kalman filter based smoother. Its application results in a map giving the 
intensity and direction of the effective force field. The results show that 
real-time video images are a source of data, enabling us to visualize 
intriguing spatiotemporal phenomena inside immune system organs. The 
proposed approach can fill the existing gap between contemporary 
technology and quantitative data analyses present in the field of 
biosystems. 
 
 



 
 
 
Flor A Espinoza 
Title: Insights Into Cell Membrane Microdomain Organization from Live 
Cell Single Particle Tracking of the IgE High Affinity Receptor FcRI of 
MastCells  
 
Abstract: Current models propose that the plasma membrane of animal 
cells is composed of heterogeneous and dynamic microdomains known 
variously as lipid rafts, protein islands and cytoskeletal 
corrals.  Recently, live cell single particle tracking studies using quantum 
dot labeled IgE bound to the high affinity IgE receptor provided direct 
evidence for the confinement of receptors within micrometer scale 
cytoskeletal corrals. Here, we introduce the use of time series analysis 
modified to account for the blinking of the quantum dots to characterize 
these structures. This analysis, applied to data from unstimulated cells, 
indicates that the domains do not have any specific size; they come in all 
sizes up to 70nm or more. We also show that receptor mobility was 
rapidly reduced upon addition of multivalent antigen to crosslink 
receptors and initiate signal transduction. With strong stimulation, after 
a short time, the receptors return to a state resembling that of the 
unstimulated cells, only some of the receptor are moving slower.  
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