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Mucus is a hydrogel secretion that lines epithelial cells in the respiratory gastrointestinal and urogenital tracts The mucosal lining servesMucus is a hydrogel secretion that lines epithelial cells in the respiratory, gastrointestinal, and urogenital tracts. The mucosal lining serves
as a physical barrier against invading pathogens. We want to understand the mechanisms by which pathogenic bacteria break through this Sample chamberas a physical barrier against invading pathogens. We want to understand the mechanisms by which pathogenic bacteria break through this
line of defense O r h pothesis is that as mmetric secretion of proteases leads to as mmetric degradation of the s rro nding gel This

Sample chamber
line of defense. Our hypothesis is that asymmetric secretion of proteases leads to asymmetric degradation of the surrounding gel. This
asymmetry causes an imbalance of forces from the gel on the bacteria which leads to motility in the direction of protease secretion We

Dunn gradient contraption One chamber is filled
asymmetry causes an imbalance of forces from the gel on the bacteria, which leads to motility in the direction of protease secretion. We

t i f i t t d l i i Dunn gradient contraption. One chamber is filledpresent a series of experiments on protease-powered propulsion in mucus.
with mucus and beads; the other with protease
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with mucus and beads; the other with protease

l ti Th thi i ti th t 20 umsolution. The thin region connecting the two 20 umg g
chambers maintains a steep protease concentrationBackground and Motivation chambers maintains a steep protease concentrationBackground and Motivation gradient. We watched the beads move in thisBackground and Motivation gradient. We watched the beads move in this
gradientgradient.
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Beads moving in a protease gradient(A) Goblet cell packed with mucus globules (blue). Mucus is rapidly(A) Goblet cell packed with mucus globules (blue). Mucus is rapidly

released to expand and form the viscoelastic mucosal gel 1released to expand and form the viscoelastic mucosal gel.1
 (B) Depiction of mucin molecule with regions of heavy glycosylation as(B) Depiction of mucin molecule with regions of heavy glycosylation as
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Forces derived from asymmetric degradationForces derived from asymmetric degradation
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Time → 

of the mucin gel enhance motion towards the
direction of protease secretion Modeling Bacteria with Protease Coated Janus Particlesdirection of protease secretion. Modeling Bacteria with Protease-Coated Janus ParticlesModeling Bacteria with Protease Coated Janus Particlesg

Vibrio cholera secretes proteases asymmetricallyVibrio cholera secretes proteases asymmetrically.
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1 Deposit beads on glass(A) Fluorescent visualization of protease secretion by V cholera
3. Release beads from slide by 

1. Deposit beads on glass (A) Fluorescent visualization of protease secretion by V. cholera.
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slide.F(B) Localization of the GFP-extracellular protease secretion (eps) F (B) Localization of the GFP extracellular protease secretion (eps)

complex at one pole of the bacteriumcomplex at one pole of the bacterium.

(C)Overlay of images A and B to show colocalization of EpsM and(C)Overlay of images A and B to show colocalization of EpsM and
site of protease secretionsite of protease secretion. 4 Couple proteins to remaining
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Mucin + bead injection port(A) Single molecules of mucin, labeled with Alexa 647 succinimide (C) Fluorescently labeled mucin remnants after 50 minutes of 
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degradation by trypsin protease (Inset) Mucin in native 1% 3. R. Wiggins et al. (2001). Sexually Transmitted Infections 77: 402-408.ester, in native 1% pH 5 mucin gel. Colored circles indicate degradation by trypsin protease. (Inset) Mucin in native 1% 
detection by particle tracking software pH 7 mucus before digestion

A k l d t Thi k f d d b th H d MRSEC• In vivo studies of V. cholera in mucin gel to detect correlations
detection by particle tracking software. pH 7 mucus before digestion.
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