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Research Question
Can protein modelling tools be used to investigate, model and alter amino acids
involved in the binding interaction between FhuA and TonB?
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Introduction
Iron is a prized commodity in the biological world. Acquiring iron is a central
part of bacterial pathogenesis, and bacteria have been found to secure iron
from their hosts through many different mechanisms. Here, the production of
siderophores by E.coli is further explored. Siderophores, produced by grampositive and gram-negative bacteria are small ferric iron chelators that have
incredibly high binding affinity to iron. Transferrin, the protein in the human
body that binds and transports iron throughout the body has as association
constant of 1036 while siderophores have an association constant of at least
1050, easily outcompeting transferrin in the blood stream. FhuA,
a ferrichrome protein located in the membrane of E.Coli, is responsible for
siderophore binding and completion of the iron transport to E.coli. For FhuA to
successfully bring in iron from a siderophore, a protein called TonB must attach
to a region called the Ton box of the FhuA protein for the transport of iron to
the E.coli. It is hypothesized that changing polar and charged amino acids to
nonpolar or aliphatic residues in the
original TonB protein would outcompete TonB that naturally binds
to FhuA. Future mutations of the binding regions will be explored, but
currently a protein model was created using PyMol and JMol by mutating the
regions 166-170 and 225-235 in TonB, creating new proteins named AntiTonB1 and Anti-TonB2 which are proposed to outcompete naturally
occurring TonB.

Figure 1: Mechanism
of TonB binding to Ton Box
region of FhuA, allowing
siderophore to transport iron
into E.Coli. (Taken from Braun
V., et al)

Figure 1: Figure 2 displays the
naturally occuring FhuATonB complex. FhuA is colored
blue, and TonB is colored
yellow. Amino acids that were
involved in some of the binding
interaction between the two are
displayed here as well. (Taken
from Pawelek et al., 2006)

Methods
The file, 2GRX from the protein data bank, was used to model the interaction
between the TonB and the FhuA. The program Pymol was used
to isolate the different TonB residue sections (166-170 and 225235). Through Pymol, the three mutations N166F, N227L, K231A were inputted
and analyzed. The program Jmol was utilized to create models of proteins. By
analyzing the interactions between the specific amino acids, we were able to
decipher which sections were needed and which could potentially be mutated to
different amino acids to create a stronger interaction between a protein and
the FhuA.

Figure 3: Amino acids that were explored in
the development of Anti-TonB1 are displayed
here. The original amino acid at 166,
arginine (polar, uncharged) is displayed. This
was later mutated to a large and nonpolar amino
acid, Phenylalanine. (Taken from Pawelek et al.,
2006)

Because of the current binding interactions between naturally
occurring TonB and the Ton Box region of FhuA, specific residues in regions
166-170 and 225-235 were determined to be needed and potentially
be mutated to different amino acids. The goal of the mutations was to create
stronger interactions between TonB inhibibitors Anti-TonB1 and Anti-TonB2 to
the TonBox region of the FhuA than naturally occuring TonB. It is believed that
if we were to change polar and charged amino acids to nonpolar residues in
the original TonB, this would create a stronger interaction compared to
the TonB that naturally binds to FhuA. The regions that we were able to mutate
in TonB were regions 166-170 (Anti-TonB1) and 225-235 (Anti-TonB2).
We mutated three amino acids, Asparagine (N)166 to Phenylalanine (F),
Asparagine (N) 227 to Leucine (L), and Lysine (K) 231 to Alanine
(A). Overall our research question was answered, as we were able to use
protein modelling software to both model FhuA and alter certain amino acids,
however understanding the true binding affinity between the new Anti-TonB1,
Anti-TonB2 with the TonBox region is difficult to determine without adequate
lab research in vitro and other extensive protein modelling tools.

Model 1

Applications
• Developing a basic understanding of amino acid interactions
• Developing a baseline knowledge of protein modelling tools available,
and the possibilities within them for future projects

Model 1: Anti-TonB1, residues 166-170
were manipulated with the
mutation N166F. This region
of TonB interacts with residues 588-592
of FhuA. Amino acid asparagine, polar
and uncharged at 166 of TonB was
changed to phenylalanine, a large polar
uncharged residue. The backbone
of TonB was colored lightpink, with the
mutated amino acid colored red, and
the Ton Box region involved in binding
colored in light green. The rest
of FhuA is colored light gray.
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changed to Leu227 and Ala231.
Changing the previously charged and
polar amino acids to nonpolar amino
acids would hypothetically help AntiTonB stronger to Ton Box. The
backbone of Ton Box region that
binds to TonB is colored light green,
with the mutated residues colored in
red. The backbone of TonB is
colored light gray, with the
original TonB backbone colored in
light pink.
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