Needlepoint Porcine Parvovirus

Designed by Sarah L. Perry, Department of Chemical Engineering, University of Massachusetts Amherst
(perrys@engin.umass.edu)

Porcine Parvovirus (PPV):

While significant amounts of research are done directly on a pathogen of interest, a common
strategy when attempting to understand more fundamental aspects of pathogens such as viruses is to
use “veterinary analogues,” or versions of viruses that infect animals, but are not adapted to infecting
humans. For example, porcine parvovirus (PPV) is a veterinary analogue for parvovirus B19 that can
infect humans. Both viruses are from the family Parvoviridae. This class of viruses are an example of a
non-enveloped virus, meaning that the protein shell
is not protected by a lipid bilayer. The interior of the
capsid contains DNA, which is the genome that
allows for virus replication. The virus capsid is v
composed of 60 copies of each of three proteins piF Py SN fconyon i) (canyon extorer) 7% pozom o
(VP1, VP2, and VP3) which assemble to form a 20- 5 3 : P /
sided icosahedral structure (Figure 1). Interestingly, '
VP2 and VP3 are truncated versions (i.e., so-called
cleavage products) of VP1,! meaning that the entire

[PDB ID: 1K3V]

capsid can effeCtively be described as inVOIVing a Figure 1. Surface depiction of PPV based on PDB 1K3V? by
single prOtem-z The icosahedral structure includes Jonathan Zajac from the University of Minnesota using
both areas of five-fold symmetry and three-fold VMD.4 Residues are colored based on the different
symmetry. surface regions of the virus.

Parvoviruses in animals were first discovered in the 1960s, and parvovirus B19, the first pathogenic
human parvovirus was discovered in 1975 by Australian virologist Yvonne Cossart.?

Modeling Viruses:

Computational approaches have become useful for investigating the structures and features of
viruses. For example, when PPV is fully assembled into its icosahedral structure, several prominent
surface features are formed (Figure 1). At the center is a five-fold pore, which allows passage of water
and salts into and out of the capsid interior. Surrounding the pore is a five-fold canyon. Large
protrusions sit at the three-fold area of symmetry, which are involved in stability and assembly.® Finally,
a two-fold dimple is thought to be involved in tissue tropism, or the ability of the virus to find a specific
location in the body.?

Using computational techniques, we are able to visualize these different architectural features on
the surface and use color to differentiate these regions (Figure 1). Examining viruses from this molecular
point of view aids in, data analysis, communication of ideas and results, and rationalizing experimental
observations that may otherwise be challenging to explain.
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Materials:

e 20 plastic canvas triangles. The example shown in
Figure 2 used Youliang 75 mm/2.95 inch triangles,

with 15 triangles per side.
e Oneyarn needle

e Scissors

e 20 strands, each approximately 24 inches long of
five different colors of yarn. The design highlights
the patterns of positive and negative charge on
the surface. Therefore, we suggest using a
gradient of colors that help to communicate this
information. The example shown below used:

o Orange (5-fold pore)

o O O O

Getting Started:

To begin with, start stitching by
securing the yarn. While it is possible
to use a knot to do this, it is
recommended to sew over the loose
end (Figure 3). Stitching then
continues in a diagonal fashion, as
indicated.

Stitching:

Stitching is done along the diagonal.
However, because of the symmetry of the
capsid the direction of these stitches changes
across the pattern (Figure 4). Each stitch covers

Yellow (5-fold canyon)
Green (2-fold dimple)

Blue (3-fold spikes, canyon exterior)

Figure 2. Finished virus, created by Dr. Sarah Perry.

Purple (3-fold spikes, canyon interior)
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Flip Over
Figure 3. Schematic of how to needlepoint. Stitches go along the diagonal of
the triangular lattice going from 1 to 2 to 3, and so forth. When starting a
new color of yarn, the loose end can be secured by sewing over it, as shown.
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virus capsid. The colors can be stitched in any

order.

Mistakes Happen:
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damaging the canvas.
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Figure 4. Needlepoint stitch pattern, developed by Dr. Sarah Perry.



Tying Off

To end a particular color, tie a knot close to the back of the canvas. It is not necessary to trim the
long end, as these lengths can be used to help join the various triangles together without needing to

secure a new piece of yarn.
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maintain the consistency in the
color scheme, as mapped out
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based on the surface charge of
the capsid, as suggested by the

pattern shown in Figure 5. This
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Assemble all 20 triangles

into the structure shown in

Figure 5. Stitch pattern for assembling the various panels of the virus.

Figure 6. The final icosahedral

structure is then created by joining together the various triangles as indicated by the colored arrows in

Figure 6. Where five triangles join, this is the five-fold axis of symmetry.
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Figure 6. Pattern for assembling the various panels of the virus. All 20 triangles should be sewn together to
form the indicated structure. The icosahedron can then be closed by connecting the various individual

triangles as indicated by the arrows. Color (black, blue, red, green) indicates how the various faces connect.
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