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MARCKS dynamics are sufficient to amplify 
the signaling pathway

MARCKS synergizes with additional feedback 
mechanisms for more sensitive gradient 

amplification

Reaction-diffusion model characterizes 
chemotactic signaling amplification 

mechanisms
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Model schematic and 
implementation: A 
predictive reaction-
diffusion model was 
developed to link the 
external chemoattractant 
(PDGF) concentration to 
the dynamics of protein 
kinase C (PKC) activation 
using the Virtual Cell 
software.
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The regulation of myristoylated alanine-rich C-kinase substrate 
(MARCKS) by active PKC liberates more of the PLC substrate, PIP2, 

Simulated time courses of the active PKC concentrations show amplification of the phospholipase C 
(PLC)/PKC signaling pathway across a cell following stimulation by a 67% gradient of platelet-
derived growth factor (PDGF) with a midpoint concentration of 0.03nM.  

2D cell geometry 

PDGF gradient
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Feedback loop 1: Phosphatidic acid, a membrane-bound lipid, helps stabilize PLC on the 
membrane leading to an increase in PIP2 hydrolysis.  

Feedback loop 2: Active PKC enhances the activity of PLD leading to an increase in PA production.

Feedback loop 1 + MARCKS
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These figures show a set of 
simulations in which the 
average number of active 
PDGF receptors across the 
cell was varied from 1% to 
100% while maintaining a 
gradient steepness of 10%. 
The steady state 
concentration of active 
PKC at the front and back 
of the cell are plotted for 
each simulation.
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Paper pumps provide novel means to 
generate stable, long duration flows in 

compact microfluidic gradient chambers 
Engineered paper pumps generate flows at desired flow rates that are sustained over long 
experimental durations in a compact microscopy arrangement.

The Y-junction micromixer is modified using CAD to maximize the interplay of microfluidic regions 
that contain steep and shallow gradients over an extensive range of midpoint concentrations.

High-throughput, simultaneous analysis of 
chemotaxis and cell signaling is enabled by 
coupling TIRF microscopy and microfluidics

Total internal reflection fluorescence (TIRF) microscopy is coupled with long-term gradient 
generating microfluidic devices to allow for simultaneous analysis of cell motility and cell signaling in 
the presence of PDGF gradients. Automated computer vision software allows hundreds of cell 
trajectories to be analyzed from a single experiment. 

Detailed physicochemical actin polymerization 
model predicts leading edge dynamics

Gradient microfluidic chambers reveal a novel 
mechanism of haptotaxis

PI3K signaling contributes to directed 
motility in numerous cell types. Here, 
PI3K signaling (pseudocolor) is active 
in the direction of both motility and the 
fibronectin gradient.

Cell motility can also be biased by surface bound cues in a process called haptotaxis. Haptotaxis
is markedly understudied relative to chemotaxis.  However, we find robust haptotactic responses of 
the IA32 fibroblast cell line in response to gradients of surface bound fibronectin. Early evidence 
points to a potentially novel haptotactic mechanism whereby cells clear the fibronectin (Cy5-
labeled, below) as they migrate, thus amplifying the haptotactic cue.

Cell motility can be biased by a chemical gradient in a process called chemotaxis. Chemotaxis 
underlies many critical biological functions. For example, during wound healing, fibroblasts are 
recruited by platelet-derived growth factor (PDGF) gradients to aid in tissue reconstitution.

at the front of the cell allowing for increased rates of PLC hydrolysis and an overall increase in 
amplification of the PLC/PKC pathway; however, amplification is substantially reduced at shallow 
gradients suggesting other feedback mechanisms are at play.

Integrative spatial model of leading-edge cell motility 
A. The model treats cell protrusion as a continuum, with distance from the leading edge, x, as the lone spatial dimension. Nascent
adhesions form in response to membrane protrusion and they are stabilized by transient interactions with F-actin, a state we refer to 
as ‘clutched’. While not engaged with F-actin, adhesions have a high propensity to disintegrate. During their lifetimes, nascent
adhesions mediate activation of both Rac and Rho GTPases, which in turn mediate activation of the Arp2/3 complex and myosin II 
through WAVE and ROCK, respectively. Activated Arp2/3 is incorporated into the F-actin network at the leading edge, generating new 
barbed ends for actin polymerization. F-actin undergoes an aging process and thus it is converted to a form (F-Actin 2) that may be 
engaged by ADF-cofilin, which mediates F-actin severing and depolymerization, and by active myosin II. The nascent adhesion 
density at the leading edge (N0) is a key variable. B - E. Steady state profiles of key variables for a control case simulation with no 
myosin contractility. The velocity of F-actin relative to the leading edge (x = 0 μm) is the sum of the retrograde flow and membrane 
protrusion velocities. Barbed end density, Arp2/3 concentration, polymerization velocity and protrusion velocity shown are at the 
leading edge. Adhesion (ECM) density, N0 = 20 # μm-2.  Total initial G-actin (ATP), GT = 10 μM. Myosin contractility parameter, αmyo = 
0 pN-μm.


