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• Hydrophilic and hydrophobic interactions are central to 
living structures
– Same mechanism as that which makes oil coalesce in water
– Also makes C-H rich compounds coalesce in biological systems 

(70% water)
– Drives:

• proteins to fold, bind
• Cell scaffolds (cytoskeletons)
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• Cell scaffolds (cytoskeletons)
• Cell walls
• Nuclear membranes
• Mitochondria walls
• Cell motility



Simpler Systems
• Lipids are important complexes of polymers (small MW 

polymers) with:
– Hydrophobic oily monomers, and
– Hydrophilic, water soluble, polar monomers

• Proteins
– H-P in various combinations (H=hydrophobic, P=polar)

• 10/19 natural amino acids that form proteins are soluble in water
• 9/19 (the rest) are soluble in non-polar solvents instead
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• 9/19 (the rest) are soluble in non-polar solvents instead

• Cell membranes:
– Amphiphilic (sequential or block separation of hydrophobic and 

hydrophilic monomers in the polymer chain) 
• HHH-PP-HH-PP-HH-PPP-…
• P on the outside, H on the inside
• Then assembles into a sandwhich: H P P H

• Why not use them as templates for biomimetic
nanostructures, drug delivery, artificial cells, etc.
– Aqueous self-assembly!



BacterioRhodopsin
• Lipid membrane
• Occupies up to 50% of 

external membrane of 
halobacteria

• Acts as a proton pump to 
shuttle ions across cell 
membrane upon exposure 
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membrane upon exposure 
to light (ie creates energy 
from light)

• Can be isolated, mutated, 
engineered



• Proteorhodopsin:
– Two related PR families that absorb light with 

different absorption maxima, � 525 nm (green) 
and � 490 nm (blue), were found, and their 
distribution was shown to be stratified with water 
depth. 

– A single amino acid functions as a spectral tuning 
switch…accounts for most of spectral difference 
between green and blue -absorbing PRs. With 
increasing depth of the ocean, the light available 
to activate PR becomes rapidly depleted. 

– To convert as much light as possible into a 
transmembrane proton gradient, planktonic

takenfrombdhuey

transmembrane proton gradient, planktonic
bacteria express a high number (� 24,000) of PR 
molecules.

– Light-adapted PR contains about 40% 13-cis and 
60% all-trans-retinal, a ratio that is shifted to 
almost exclusive all-trans in dark-adapted PR. 

• Membranes (naturally assembled):
– 6 fold symmetry

• Oligomers (disassembled, and then 
reassembled): 

– 5x and 6x symmetry

A. L. Klyszejko, S. Shastri, S. A. Mari, H. Grubmüller, D. J. Muller, C. 
Glaubitz, “Folding and Assembly of Proteorhodopsin,” J. Molecular Bio.



• Cell walls are a lipid bilayer too.
– Hydrophilic outside and inside, with 

a trapped double-hydrophobic layer 
in between.

– Various other structures attach, 
thread through, transport through, 
or float along with/on top of the lipid 
bilayer.

takenfrombdhuey http://sps.k12.ar.us/massengale/cell%20%20notes%20bi.htm



• Cell membrane confines the insides from the outsides
– Mechanically far softer than a balloon (MPa at most)
– Technically just a lipid bilayer

•Structure can be 
flexible and ‘fluid’ 
as well as rigid 
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as well as rigid 
(sort of)



• XVivio: enzon pharmecuitical sphingosome technology
– http://www.xvivo.net/
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Actin
• filamentious protein assembly (instead of membrane or 

spherical)
• Acts as a scaffold within the cell
• Pathway for transport in the cell
• Implicated in cell motion
• Involved in transfer of material across cell membrane
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Cells and Nanoparticles

• Function of macrophage cells:
– engulf and consume solids 

(phagocytosis), 
– trigger separate cells to respond 

to such threats. 
– But what are the forces involved?
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• Previous experiments optically monitored phagocytosis of silica 
beads through time lapse images of green-fluorescent-protein 
(GFP) labeled actin. 

• Provides insight into actin’s role in phagocytosis, including 
strong presence when engulfing particles by building cellular 
scaffolds around impinging structures.

• Then, to digest the foreign body, actin dissolves and can be 
reassembled elsewhere as needed. 

D. Knecht, MCB



Direct observation of frustrated 
phagocytosis

• 1 um polystyrene sphere attached to AFM tip
• Placed near basal edge of a cell (higher actin 

activity for MHS macrophage cells)
• Over time the cell:

– a) distorts to try and engulf the foreign 
body
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body
– b) eventually gives up as particle is 

connected to relatively stiff and much 
larger AFM cantilever.
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• Actively 
brighter at 
distorted 
edge



Future directions

• Distinct cellular components simultaneously monitored 
(e.g. cytoskeleton and membrane) using fast 
wavelength switching.

• Tips with spheres of different materials (silica, 
alumina, gold, polystyrene) will be studied.

• Sphere shapes varied (<100 nm, 1 um, 5 um, 20 um).
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• Sphere shapes varied (<100 nm, 1 um, 5 um, 20 um).
• Tips coated with various biochemicals (protein, 

antibodies, EGF).



Cell motility
• Relies on presence of actin
• Cells move (probably) by polymerizing actin at the leading edge

– Adhering to the surface
– depolymerizing actin at the other end
– De-adhering (sometimes not so well)

• Leaves trails of slime…
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• Movies of these processes:
– http://www.microscopyu.com/



• “The A-549 cell line was originally cultivated in 1972 from the 
human lung carcinoma of a 58-year-old Caucasian male…”

• “…widely employed as a model system to study molecular 
mechanisms that operate during malignant cell migra tion .”

takenfrombdhuey http://www.microscopyu.com/moviegallery/livecellimaging/a549/index.html
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• “Derived from the thoracic aorta of an embryonic rat, A-10 
cells have been important in a variety of investigations as 
cell motility models for in vitro wounds :”

• “…The cell continuously forms and retracts various 
surface extensions . The broad-flattened rim of the cell free 
from most organelles is comprised of lamellipodia, which are 
sheet-like sections of membrane-enclosed cytoplasm. The 
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sheet-like sections of membrane-enclosed cytoplasm. The 
smaller, much narrower projections that form along the 
periphery of the A-10 myoblast are filopodia.”

– http://www.microscopyu.com/moviegallery/livecellimaging/a10/index.
html
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Back to Basics
• Micelle: + and – ends, no fluid inside
• Vesicle: + and – ends, with fluid inside
• Liposome: spherical vesicle made with bilayer of 

phospholipid and cholesterol
• Polymersome: synthetic vesicle made with block 

copolymer
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• Generally, vesicles are applied for:
– delayed/controlled drug release
– Topical/cosmetic application



Synthetic cell structures
• Working with various block copolymers

– PEO, polyethylene oxide, oxygen rich (hydrophilic)
– PEE, polyethyethylene, or PBD, polybutadience

• Depending on the relative fraction of each per polymer chain:
– a variety of analogs to cell structures can be prepared.

• Vesicles (huge): f<42%
• Worm micelles (tubes): 42%<f<50%
• Spheres f>50%
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• Spheres f>50%

• Also a function of solvent,                                                              
relative energy of A-A, B-B,                                                             
and A-B bonding, molecular                                                            
chain length, conformation...

• Biomimetic morphologies                                                            
readily tailored.



Worm micelles
• By tailoring composition of worm-like micelles, their 

dynamic properties change drastically.
• Test by monitoring time-averaged position of worms in a 

shear flow configuration
• If the head tethers to a surface, it can be shown that:

A. Non-cross-linked worms tethered at one end oscillate more with 
distance from the tether-point

B. Worms straighten under high flow
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B. Worms straighten under high flow
C. If crosslinked, shape is fixed, but they still oscillate around the 

tether point.



• Liposomes and vesicles usually 
made with polymer molecular 
weights below 1000 daltons,

• Polymersomes are for MW>1kd.
• Generally, stability improves with 

increased molecular weight.
• Viscosity increases with MW too 
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• Viscosity increases with MW too 
(membrane fluidity decreases).



• Micelles can provide viscoelasticity to a fluid
– Drops without (right) and with (left) worm-like micelles

takenfrombdhuey http://www.ecs.umass.edu/mie/faculty/rothstein/active_res.htm



Synthetic Cellular Structures
• What’s next: Synthetic cell structures

– Combination of worm-like and polymersome membranes
• Provide structural integrity
• Transport paths within the cell
• Anchor points

– ‘living’ functionality
• Can we make worm-like micelles assemble at a leading edge to 

drive a structure forward? 
• Sensing/actuation for hazard detection/remediation
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• Sensing/actuation for hazard detection/remediation

• BUT, not so fast:
– Not especially robust
– Proteins incorporated into membrane tend to unfold and/or 

agglomerate
– Vesicle walls become leaky (bad for integrity, but great for drug 

delivery…)
– Cells are self healing, but synthetics aren’t (yet?)

• XVivio video/UTube: Inner Life of a Cell



Paper for Tuesday
• Last paper discussion
• Led by Joe, Misael, Ge
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