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Physics of Cancer Metastasis
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Our Focus: Cell Migration

Immune Response
(white blood cells)

Wound Healing Cancer Cell Migration
(mulple cell types)
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Physical Context of Metastatic Migration
Confinement and Topography

Confinement affects migration Topography drives
Reprogramming
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Downing et al, . Nature Materials (2013)
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How do cells sense their surrounding on
scales much larger than proteins?

Structural Elements ‘ | Active Elements ‘
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Systematic Analysis of Shape Dynamics
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Local Shape Dynamics Reveal Shape Waves

Smoothed Boundary Curvature
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Driscoll, Fourkas and Losert, Physical Biology (2011)
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Inhibiting Cell-Surface Adhesion
Enhances Visibility of Shape Waves
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Principal Component Analysis of Protrusions

Motion Spectra
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M. Driscoll et al, ACS Nano (2014)



Protrusions Correlate with Actin Waves

Actin Waves
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Dictyostelium Cells Guided by Bioinspired S
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nentAnalysis on Ridges
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Actin Waves Travel Along Ridges

00:00:00.000




Quantifying Waves of Actin Polymerization

kymograph — actin waves
(vertical scale 16.3 um)
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Simulating Actin Dynamics
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Reinventing the Introductory Physics
Labs (& Course) for Future Biologists
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NEW in the Lab (and course): (1) Topical Shift

Physics @ Biological Scales: Example: Forces and motion

Blood Clotting Protein on Membrane, Molecular Dynamics Simulation
Ohkubo & Tajkhorshid, Structure 2008.



NEW in the Lab (Course): (2) Pedagogy Shift

Pedaqogy Encourages Student Sensemaking
* Flipped classes with wiki pre-reading.
« Community-style labs.

* Interdisciplinary Dialogue.
— Can you gain biological insights by measuring speed or
another physical quantity?

— Are Newton’s laws useful to understand proteins,
membranes, and cells?




Aims of Lab Development

» Build on Successful Community Lab Concept

» Provide hands-on experience with relevant physics concepts

» Focus on Sensemaking

» Develop student research skills

» Focus on Experimental Design

Additional Goals of our Labs:

» Convey a modern view of physics

» Foster interdisciplinary transfer

» “What biology do you learn from a physical measurement?”

» Help students toward their career goals

Can we achieve these additional goals without
sacrificing the success of the Community Labs?



Modern Instruments & Analysis Tools

Image J (free)
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First Lab

Quantifying motion from Images and Videos (2 weeks)

-

. aEasNsn - NN n'nNn
Bacteria White blood cells

* Analysis of cell motion
using Excel and ImageJ.

* Fostering Interdisciplinary Transfer:
Can you learn any biology from physical measurements?



EXAMPLE:
Brownian Motion

Inspired by laboratories developed by Mark Reeves (GW)
Mix of 1 and 5 micron beads, observed under the microscope




Measuring Brownian Motion

<Ax>=0
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How does viscosity,

bead size, mass,
affect diffusion?




What Is going on here?
A challenge suggested by Biophysics Colleague S. Sukharev




Interdisciplinary Transfer:
What Biology can we learn from a Physics Measurement?

Student Measurement Results
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Semester 1

Labl: Quantifying motion from Images and Videos (2 weeks)
« Can you learn any biology from physical measurements?
* Analysis of cell motion using Excel and ImageJ.

Lab 2: Inferring force characteristics from motion analysis (2 weeks)
« How can information about forces be derived from a video?
* Introduction to Video Capture & Analysis of Directed Motion and Resistive Forces.

Lab 3: Observing Brownian motion at a microscopic scale (3 weeks)
* What does ‘Random’ motion look like? (inspired by M. Reeves)
* Describing Diffusion & Random Motion.

Lab 4: The competition between Brownian motion and directed forces
 How large a force is needed to transition from random to directed motion?
* Distinguishing Random vs. Directed Motion

Lab 5: Motion and Work in living systems (2 weeks)

* How much work is involved in Active Transport?

« Classifying Motion and Examining Work in Onion Cells.
MAKEUP LAB




Semester 2

Lab 6: Modeling fluid flow
« Exploring Fluid Dynamics and the Hagen-Poiseuille (H-P) Equation.

Lab 7: Analyzing electric forces in a fluid
« Electrophoresis and Charge Screening in Fluids.

Lab 8: Modeling electrical signal transmission along nerve axons

* Testing Models of Signal Transmission.
(Adapted from labs by L. Cui UMBC & C. Crouch, Swarthmore)

Lab 9: Introducing geometric optics through experimental observations
* Exploring Light and Lenses. (motivated by C. Crouch, Swarthmore)

Lab 10: Analyzing light spectra and exploring implications for living systems.

* Spectroscopy—EXxploring Emission, Absorption & Evolutionary Adaptation. ‘ﬁﬁ
(with K. Carleton, Biology)

Lab 11: Exploring complex absorption and emission in molecules. [1 week]
« Spectroscopy & Fluorescence in Chlorophyll. (with K. Carleton, Biology) '
MAKEUP LAB




Data Comparison

Comparing to ISLE (2005) data from E. Etkina & S.
Murthy, “Design labs: Students’ expectations and
reality,” AIP Conf. Proc., 818 (2006), N = 187

Since Fall 2012, 397 students have taken the Labs

Students (largest N=209) were asked two questions:
— How important is each goal FOR YOU?
— How successful were the labs in terms of achieving each
goal?
Goals:
— Learn to interpret experimental data
— Learn to design your own experiment
— Learn to work with other people
— Learn to communicate ideas in different ways
— Understand concepts better
— Prepare for your future professional career



Transitioning from small test classes to
a large enrollment environment—What
has changed?

Fall 2012 to Spring 2013: 33 self-selected students in two
lectures, labs run with both GTA curriculum
designers & 1 LA per lab

Fall 2013: 235 mandatory students in two lectures, same two
professors, one returning GTA,

5 GTAs new to the labs & 1-2 LAs per lab

Spring 2014: 210 students in (2"d semester) 124 students (15!)
four new profs., 3 cont. GTAs, 5 new GTAS
(no curriculum designers as GTAs or Profs)



Percentage of Students

Lab Evaluations |
Interpret Data and Design Experiments

Success in Interpreting Data Success in Designing Experiments

100 wISLE (N = 187) m NEXUS '12-13 (N = 31) 100 WISLE(N=187) ~ MNEXUS "12-13 (N = 31)
0
90 2
80 5 e
70 0
60 5
50 @
2 40
40 £
30 S 20
20 S
10 0 -
0 _

] Low Med High
Low Med High
_ Rating of Success of Labs
Rating of Success of Labs



Lab Evaluations Il
Work in Groups
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“There i1s more group work in this lab than in other labs that | have
taken (I am mostly comparing to Chemistry labs). | think | benefit
from this more because if there is ever anything that | don't
understand, chances are one of my group members does.”



Lab Evaluations lll
Communicate Ideas
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“l also like the reports, which are less data-filled than the chemistry
labs. You don't just say what data you got from the lab, you actually
discuss what it means and how it supports or doesn't support what

was expected. That helps me to understand the concepts and their
Importance.”



Lab Evaluations IV
Concepts
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“l like the labs that we do. They allow me to better understand what
we are learning in class. This enables me to remember what |
learned and apply it to situations that | have not encountered in



Lab Evaluations V
Relevance

Percentage of Students
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Conclusions

» Built on Successful Community Lab Concept

» Provide hands-on experience with relevant physics concepts

» Focus on Sensemaking

» Develop student research skills

» Focus on Experimental design

In addition our labs

» Convey a modern view of physics

» Modern equipment, analysis and data representation tools

» Foster interdisciplinary transfer explicitly

» “What biology do you learn from a physical measurement?”

» Help students toward their career goals
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Extended Undergraduate Research Experiences
in Quantitative Biology and Biophysics

‘&

UMD-NCI Pilot
Spring 2014

Team based

Iearnlng This partnership between the University of Maryland and the National
Institute of Health pairs postdoctoral mentors with teams of
undergraduates to:
- address challenging authentic research problems
- collaboratein interdisciplinary teams to develop effective research
designs
take risks and come to see failure as part of the innovation process
I nteg rated monitor progress toward short-term goals relative to larger project

Assessment objectives

Connecting
Research and
Education &
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See POSTE R For more inférmation please contact Dr. Wolfgang Losert at onsert@uma.edu

Or visit: http://fire.umd.edu/streams-QBB.html
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