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Defensins are peptides of the innate immune system with both antibacterial and antiviral activity.
Humans defensins are classified in two groups, a- and B-defensins. The six human a-defensins,
HNP1-4, HDS, and HD6, differ in their tissue distribution and expression patterns from the 3-
defensins [1]. Both a- and B-defensins are small peptides with three intramolecular disulfide bonds
(Fig. 1). There is strong evidence that a major bactericidal mechanism of defensins is membrane
disruption, and lipid bilayer interactions are facilitated by their amphipathicity and net positive
charge. Their role in antiviral immunity, particularly for nonenveloped viruses such as human
adenovirus (HAdV), is poorly understood. Previous studies have shown that human alpha-defensins
inhibit HAdV by preventing virus uncoating and release of the endosomalytic protein VI during cell
entry [2]. Therefore, HAdV remains trapped in the endosomal/lysosomal pathway.

We have used a combination of biochemical, structural, molecular genetic, and infection studies to
investigate the mechanism of neutralization [3]. The results indicate that defensin binding to HAdV
is species specific and that thousands of defensin molecules bind with low micromolar affinity to a
sensitive serotype. In contrast, only a low level of binding is observed to a resistant serotype. Also
we found that neutralization is dependent upon a correctly folded defensin molecule with the three
disulfide bonds intact, suggesting specific molecular interactions between defensin and the virion.
We performed a cryoEM analysis of the complex of an Ad vector with a neutralizing defensin,
HDS5. The Ad vector we chose for these studies is Ad5.F35, which has the HAdVS5 capsid
pseudotyped with the short HAdV3S5 fiber. A data set of 3,000 cryoEM particle images was
acquired on an FEI Polara microscope (Fig. 2) and was used to generate a three dimensional
reconstruction at 12 A resolution (Fig. 3A). When compared to an Ad5.F35 cryoEM reconstruction
without HDS5 [4], we observed significant density attributable to HD5 around the Ad fiber in the
Ad5.F35+HDS complex (Fig. 3B). The structure of the Ad5.F35+HDS5 complex was further
analyzed by docking and subtracting the crystal structure of the penton base with an N-terminal
fiber peptide (PDB 1X9T). The difference map suggested a model for the Ad defensin interaction
involving a negatively charged and polar region of the fiber that is only found in sensitive serotypes
(18-DTET-21 in HAdV?2) (Fig. 3C). In contrast, resistant serotypes have a positively charged
sequence at this location in fiber. Our model for the Ad defensin interaction is supported by
infectivity studies of virus chimeras comprised of capsid components from sensitive and resistant
serotypes.
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FIG.1. Representation of the HD5 crystal structure (PDB 1ZMP) with the three disulfide bonds and
arginine sidechains displayed.

FIG. 2. CryoEM particle image of Ad5.F35+HDS5 complex. This particle image was digitally
extracted from a cryoelectron micrograph acquired on an FEI Polara (300kV, FEG) microscope
with a Gatan UltraScan 4kx4k CCD camera with the sample grid maintained at liquid nitrogen
temperature. The micrograph was collected with a magnification of 397,878X and an underfocus of
2.2um. Scale bar, 100A.
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FIG. 3. CryoEM structure of the Ad5.F35+HDS5 complex. (A) Structure of Ad5.F35+HD5 at 12A
resolution (FSC 0.5 threshold) viewed along an icosahedral 3-fold axis and radially color-coded
(blue=405A; cyan=425A; green=445A; yellow=465A; red=485A). (B) Enlarged view of the vertex
region of Ad5.F35+HD5 compared to Ad5.F35, with both maps filtered to 12A. (C) A difference
map analysis reveals strong density (mesh) near the Ad fiber, which suggested that an HD5
monomer (red) might interact with a negatively charged and polar region of the fiber (magenta
spheres). The crystal structure of the HAdV2 penton base (blue) and N-terminal fiber peptide
(yellow) (PDB 1X9T) is shown as docked within the Ad5.F35+HDS structure. The flexible RGD
loop of penton base is represented by a green bar. Scale bars, 100A.
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