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Microtubules (MTs) Impact a Huge Range of (e
Biological Functions

The remarkably diverse and highly scalable functions of microtubules
are enabled by their dynamic, biologically programmable
nanostructure and chemistry.

*L. Haimo and C. Thaler, BioEssays 16, 727-733
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Adaptive reorganization of Chromosome positioning and Trafficking of vesicles and
pigment granules in melanocytes  separation during cell splitting macromolecule building blocks




Microtubules: Dynamic Organized Protein )
Assemblies
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/dimer protofilament microtubuly

Akhmanova, A.; Steinmetz, M.O. Nat. Rev. Mol Cell. Bio. 2008, 9, 309.
Nogales, E. Annu. Rev. Biochem. 2000, 69, 277.
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Our Challenge:

Exploit/mimic concepts
central to MT form and
function in synthetic
materials to enable
novel new materials
behaviors.
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Akhmanova, A.; Steinmetz, M.O. Nat. Rev.
Mol. Cell. Bio. 2008, 9, 309.




Key MT Characteristics

* 1-D nanostructure assembly

» Controllable dynamic assembly and
disassembly

« Multifunctional, composite building block
structure

» Selective interactions with secondary
molecules to control molecular behavior



Peptides: Versatile Tools for Biomimetic
Assembly
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A complex balance of interactions drives spontaneous self-assembly

4 R i o | R

ZT

Ir=

\_ ol R | 0

oH, cr, )
CH,
> L OH R:H,CH3, ,/I/i , s s
HoN
0] OH
NH, )

electrostatic interactions  hydrogen bonding  aromatic stacking  hydrophobic interactions

\/

chemical environment
|




MT-Inspired Functional Block Peptides @

Inspiration: MTs assemble from a/f3 tubulin dimers, through interactions
with secondary biomolecules (e.q., GTP).
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Technical Approach: Create a peptide “dimer” with an enzymatically

cleavable linkage, that assembles through interactions with secondary
molecular interactions.




Surfactant-Induced Secondary Structure (@),

Small amounts of surfactant can induce ordered secondary structure
and hydrogelation of otherwise unstructured peptides
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Mechanism of Assembly ) i

Structure arises from cooperative self-assembly of peptide and
electrostatically bound SDS

f\f‘\/ neat peptide
_\—/—_\\/ + Triton X-100 no micellar segregation

+ CTAB electrostatic binding is involved
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Enabled Function: Enzymatic Resistance (i),

Peptide-surfactant hydrogels are stable to enzymatic degradation

A J\ E( x L( J\
chymotrypsin o

A

Reverse-phase HPLC

I

Q TB C CT — neat
f k Jk j\ peptide + CT
g — peptide-SDS gel +
° A denature ng J
v/ dCT

0 10 20 30 40 50 60
Retention Time (min)




A Multifunctional Dipeptide?
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FF-Nanotube Formation

i\

Diphenylalanine dipeptides will self-assemble into hierarchical nanotubes
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P. Kumaraswamy, et al. Soft Matter, 2011,7, 2744-2754.




Boronic Acids ) e,

Boronic acids provide potential for pH- and polyol-responsive behavior
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A Simple Boronic Acid Peptide ) .,

Boronic acids provide potential for pH- and polyol-responsive behavior
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Our model boronic acid peptide
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B.H. Jones, et al. Tet. Lett. (2015) 56 (42), 5731-5734.
B.H. Jones, et al. Chem. Comm. (2015) 51, 14532-14535.




pH- and Salt-Responsive Self-Assembly ()&=

Nanoribbon assemblies are reversibly formed by ApH or Aionic strength
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Saccharides/Polyols Induce Disassembly @),

Gel-sol transitions are triggered by addition of saccharides or polyols
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Simulation-Guided Peptide

Assembly
Can theory identify a Can we synthesize a
multicomponent peptide simulation-inspired
building block capable of peptide that assembles
controlled assembly? as predicted?
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Simulation-Inspired Triblock Assemblies )

Self-Consistent Field Theory (SCFT) calculations guide molecular design of
new blocky architecture
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Predicting Molecular Orientation/Position )
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Predicting Self-Assembled Morphology i) dedos_
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Predicting Self-Assembled Morphology ) i
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incorporate dissimilar hydrophilic
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with fluorescent dye (polyphenylalanine).

Synthesized triblock peptides self-
assemble in water to form hollow
vesicles, consistent with
predictions from SCFT.




Predicting Self-Assembled Morphology ) i
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glutamine block size
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Take Home Messages ).

v' MTs are complex supramolecular nanostructures, formed as
dynamic assemblies through the aggregate interactions of ab
tubulin dimers and secondary biomolecules.

v Designing synthetic peptides with key aspects of composite,
multifunctional building blocks, enables dynamic assembly mediated by
. pH
* lonic strength
« Secondary molecular interactions
< charged surfactants
< diols/saccharides

v' Computation can be used as a powerful tool in the design of composite
molecular building blocks and understanding of supramolecular behavior.
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Peptide Secondary Structure .

Ordered peptide conformations exhibit unique spectroscopic signatures
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Proposed Structure of Assembled @&,
“Bola” Peptide
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Gel Rheology
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Peptide-surfactant hydrogels show solid-like behavior (G' > G") even at
ultra-low loading of surfactant
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Current Directions: Light-Responsive Assembly() i

Azobenzene functionality may allow control of peptide self-assembly
through light-induced conformation changes
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