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LIBRARYGBERERATION

Instead of using the DGR’s reverse transcriptase to create

variants, we used PCR with a library of synthesized oligonucleotidesschematic of library generation. Random nucleotides are inserted at the ‘N’ positions

We utilized two oligos with random nucleotides at the speci ¢ marked in yellow. These sites mimic the adenines normally mutated by the DGR
mutagenic sites and a third oligo with the necessary glycine

serine bridge as primers. The oligonucleotides with variations
would anneal normally to the mtd template, and the resulting
PCR products would be extremely varied.
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Diversity Is essential for the success of this project. By increasing the number of sites
mutagenize within the variable region of the mtd, we could achieve much higher levels
diversity, creating much more opportunity for the selection of high a nity binding to our
target.

One practical application of our project is to develop it as an antibody analog for prote

( detection. Obtaining new antibodies that are speci c for a new target is time consumin

BORIDETEA PARIAXGH BRPP-1

BPP-1 belongs to the Podoviridae family, and has a short, non-contractile tail with six “spikes” attached t
bers. Each tail ber contains the major tropism determinant (Mtd) protein at its end, which normally bind
to the pertactin protein expressed on Bordetella’s surface. Individual Mtd proteins do not have a high a
for pertactin, but the exibility and number of tail bers on each phage confer an overall high avidity for its
host. As the virus is lytic, BPP-1 destroys the bacterial host and releases more copies of itself into the
surrounding. WherBordetella switches into the Bvg- phase and inhibits pertactin expression, BPP-1 relie
a diversity generating retroelement (DGR) system to retain the chance of binding the bacteria.
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The mtd gene is 1146 bases long, and contains two mutagenic island
In the variable repeat region near the gene’s 3’ end. There are 23 spe
adenine bases that are modi able by the native DGR, which alter 12
amino acids on the protein. This variable repeat region is a part of the
C-lectin type fold at the Mtd’s C-terminus. The C-lectin fold is found In
di erent phages, acting as a sca old to provide the protein rigidity and
the ability to resist mutations without undergoing structural changes.

In vivo, three Mtd proteins form into a globular trimeric structure, and
the variable repeat of each monomer forms a surface on one face of {@e
complex.
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C-type lectin

and very expensive. Diversiphage could be used to generate Mtd proteins with strong

a nity for any desired target. These Mtd proteins could then be used for detection as ¢
alternative to antibodies.

Another direction in which we could take this project is to re introduce the mtd gene ba@k
Into bacteriophage. We would engineer the Mtd in vitro to bind a target and then reins@it
the sequence for this variant back into the phage. This would give us a way to progra
the phage against any desired target. This could be very useful in applications such a
phage therapy.

PROTEINACALCUIATOR

Images of the Mtd monomer _ e dfe..
and C-lectin fold (right) and GEsES
trimer complex with variable §Eg S
region highlighted in purple Lot
(left)

Surface representation of the BPP-1 map generated
from cryo-electron tomography. (Top L.) Side view
with relative distances between the head, talil

spikes and tail bers. (Top R.) Bottom view of tall
spikes and bers. (Right) Schematic of Bordetella ‘Bwand
BPP-1 interactions.

DIVERSMYEGEMERATHNGEREEFREOELEMENT

Various species of phage contain a DGR for diversifying tail- ber proteins. The BPP-demédcontains a
variable repeat (VR) of 134 bases with variations possible at 23 distinct adenine sites. Downstream the |
the template repeat (TR) region, which does not change. During phage assembly, the TR is transcribed, ‘

reverse transcribed by a reverse transcriptase coded for by the brt gene. The reverse transcriptase intro
site mutations at the 23 nucleotides. A transposition event then integrates the mutated seqguence Into the
This mutagenic shu ing event results in 9.22 * 10possible Mtd variants, one or many of which can bind o
another surface protein on the Bvg- Bordetella.
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To keep track of the diverse range of Mtd variants we planned to produce, we developed a
simple, but useful, Protein Calculator software. It works by taking an input DNA sequence
with the necessary mutagenic nucleotides (denoted by 'N's), and uses this to output the
number of possible DNA variants, number of possible protein variants, and a list of possible

amino variants t
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