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ational design of nanoparticles has

become a prevalent trend requiring

an in-depth comprehension of the
chemical and physical characteristics of
their building blocks. Taking advantage of
the highly specific binding properties of
biomolecules, the combination of biotech-
nology and nanotechnology has led to the
development of hybrid nanobiomaterials.
Biological materials, in the form of DNA,
RNA, protein, and lipids, serve as models
for the self-recognition and self-assembly
of bionanoparticles.' 3 Peptides also play a
unique role in nanostructure design, owing
to their diversity, simplicity of synthesis, and
ease of modifying them for a variety of func-
tions. Understanding the self-assembly
mechanism of these biomaterials enables
us to design and engineer biomimetics on
a nanoscale. Extensive investigations have
been conducted and successful applica-
tions achieved with DNA,%* RNA,>*~? viral
proteins,’®~ '3 bacterial S-layer proteins,'*~'
peptides, and peptidomimetics."”

Bacteriophage phi29 is one of several

well-studied, small-tailed phages. It infects
Bacillus subtilis. This double-stranded DNA
virus utilizes a unique motor to package its
19.3 kb genome into a preformed pro-
capsid.' The connector protein is an essen-
tial component in the phi29 DNA-
packaging motor. Its crystal structure, deter-
mined at high-resolution, is a 12-fold sym-
metric dodecamer that forms a truncated
cone with a length of 7.5 nm, a diameter of
13.8 nm at the wide end and 6.8 nm at the
narrow end, and contains a 3.6 nm central
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ABSTRACT A 24 X 30 nm ellipsoid nanoparticle containing 84 subunits or 7 dodecamers of the re-engineered

core protein of the bacteriophage phi29 DNA packaging motor was constructed. Homogeneous nanoparticles

were obtained with simple one-step purification. Electron microscopy and analytical ultracentrifugation were

employed to elucidate the structure, shape, size, and mechanism of assembly. The formation of this structure

was mediated and stabilized by N-terminal peptide extensions. Reversal of the 84-subunit ellipsoid nanoparticle

to its dodecamer subunit was controlled by the cleavage of the extended N-terminal peptide with a protease. The

84 outward-oriented C-termini were conjugated with a streptavidin binding peptide which can be used for the

incorporation of markers. This further extends the application of this nanoparticle to pathogen detection and

disease diagnosis by signal enhancement.
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pore for DNA translocation.'®? A crystal
structure failed to reveal the N-terminal 13
amino acids because of their flexibility in
structure. Inclusion of these 13 amino acid
at the N-terminus of each wild-type gp10
subunit results in about 7.8 nm in diameter
at the narrow end of the connector.'?
Connector proteins of the bacterioph-
age phi29 can assemble into a rosette-like
particle after interaction with pRNA.'22"22 |n
this study, we report the construction of a
distinct globular nanoparticle assembled
from a re-engineered phi29 connector pro-
tein. The maximum diameter of the result-
ant nanoparticles is twice as large as the
maximum diameter of the connector
formed by native connector protein gp10,
in addition to having a vastly different qua-
ternary assembly. The structural transition
between the connector and the nanoparti-
cle can be easily controlled via the addition
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