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Virus Molecular Building Blocks

 Viral MBBs
 Organize nanomaterials
 2D and 3D crystal lattices
 In vitro evolution of new

functions
 Encapsulation
 Bioactive

programmable
nanomachines
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 Biological systems control
mineral nucleation
 Calcium carbonate
 Silica
 Calcium phosphate
 Etc.

 Can we mimic or exploit
these abilities for nanotech
applications?

 What about other materials?
 Metals?
 Metal oxides?
 Semiconductors?
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Belcher, phage selection Substrates:
GaAs(100)
GaAs(111)A
GaAs(111)B
InP(100)
Si(100)
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 Phage library
 12 random AA fused to M13 pIII coat

protein (3-5 copies/phage)

 Selection
 Bind, elute, million-fold amplification,

reselect with increased stringency

 Substrates
 Crystal face preferences
 Gallium-rich (111)A
 Arsenic-rich (111)B

 Peptides
 Selected clones were enriched in

uncharged non-polars (S,T) and Lewis
bases (N,Q)
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 XPS of Au 4f (panels
a&b) Ga 2p (panel c)

Surface-Phage-Ab-biotin-SA-Au (20nm)
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 AFM and TEM of:
Surface-Phage-Ab-
biotin-SA-Au

 GaAs selected phage
binds to InP which has
a zinc-blende structure,
isostructural with GaAs
but with increased ionic
character in In-P bond.

InP

GaAs
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 A. control Ab rhodamine (no phage)
 B. Selectivity of rhodamine labeled G12-3 for GaAs vs SiO2

 C. Selectivity of gold labeled G12-3 for GaAs vs AlGaAs
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Polarized optical microscopy
Differential interference
contrast imaging
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Liquid crystals

 Nematic phase
 no positional order but tend to point in the same direction

 Smectic phase
 orientational order of nematics, but also tend to align

themselves in layers (from Greek word for “soap”)

 Cholesteric phase
 many chiral nematic slabs of infinitesimal thickness and

helical rotation of director layer to layer. Not to be
confused with the planar arrangement found in smectic
phases

Nematic

Smectic

Cholesteric
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(0.01% diluted sample)
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Fig. 4. Characterization of A7-ZnS film.
(A) Photograph of A7-ZnS viral film.
(B) POM (203) birefringent dark and bright band
patterns ( periodic length 72.8 mm) were observed.
These band patterns are optically active, and their
patterns reverse depending on the angles between
polarizer and analyzer.
(C) Photoluminescent image, with an excitation
wavelength of 350 nm and with filtering below 400
nm, shows ;1-mm stripe patterns (503).
(D) SEM images of highly packed three-dimensional
bulk film structure.
(E) Schematic structural diagram of the A7-ZnS
composite film.
(F) AFM image of the free
surface. The phage forms parallel aligned herringbone
patterns that have almost right angles between the
adjacent director (arrows).
(G) SEM image showing the close-packed lamellar
structure of phage and nanocrystal layers (red arrows) in
the inner areas of the film.
(H) Low-resolution TEM image of cross section of A7-
ZnS film, with 20 nm 3 2 mm ZnS nanocrystal stripe
pattern aligned between one phage length in the x-z
direction of film; the inset shows an electron diffraction
pattern of ZnS wurtzite structure.
(I) Low-resolution TEM image of film viewed in the y-
z direction, showing ZnS nanocrystals.



3/29/06 LaBean  COMPSCI 296.5



3/29/06 LaBean  COMPSCI 296.5



3/29/06 LaBean  COMPSCI 296.5



3/29/06 LaBean  COMPSCI 296.5



3/29/06 LaBean  COMPSCI 296.5



3/29/06 LaBean  COMPSCI 296.5

Belcher, virus ••> circuit
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Organization of virus by LBL
Spontaneous assembly of viruses on multilayered polymer surfaces Pil J. Yoo, Ki Tae
Nam, Jifa Qi, Soo-Kwan Lee, Juhyun Park, Angela M. Belcher, Paula T. Hammond

 Nature Materials   5, 234-240



3/29/06 LaBean  COMPSCI 296.5

Organization of virus by LBL
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Icosahedral Virus Periodic Table
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Virus on DPN patterned chemistry


