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ABSTRACT

The cells in human bodies are constantly being ‘verified’ by the immune system
to make sure that they belong. One element of the immune system is the T-cell, which
uses its receptors to initiate contacts with cell markers. These cell markers are complexes;
they are made up of a peptide and the major histocompatibility complex macromolecule.
A peptide is the digested, short-chain amino acid remnants of a cellular protein, which
then binds to the MHC molecules that line the cellular membrane and forms a complex.
T-cell receptors (TCRs) determine whether an antigen-presenting cell in our body is
native or foreign by interacting with peptide-MHC (pMHC) complexes found on the
surfaces of cells and ‘reading’ the peptide to verify that it was created by the cell. If these
complexes are recognized as foreign, however, an immune response may be initiated.
Recent research has indicated that the same TCR can form contacts with many different
pMHC complexes despite their very different structures. The phenomenon has come to
be known as TCR cross-reactivity. This study aims to analyze the basis of cross-reactivity
in TCRs through computational analysis of protein structures derived from the PDB and
IMGT databases. By finding patterns in this data, we aim to justify experimental results

found in relevant literature and explain why TCRs display this phenomenon.
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Introduction
The receptors of T-cells in the immune system bind to peptide-MHC (pMHC)

complexes found on cells to determine whether or not the cell is native to the body. They
dock with the pMHC complex, after which the T-cell receptors (TCRs) form contacts
with both the individual peptide and the MHC molecule. This TCR-pMHC complex has
been found to be mediated by the flexibility of the complementarity-determining region
(CDR) loops found on TCRs [6].

It is important to first introduce how peptide-MHC complexes are formed and
behave. This study focused on the MHC Class 1, which directly interacts with peptides to
present to TCRs. In addition, the HLA A*0201 allele of the MHC-1 was studied, as much
of the experimental data found focuses on the specific allele.

Peptides are derived from the remnants of intracellular proteins. These proteins,
which are either foreign or native, are digested by proteasomes within the cell and
subsequently bound to the MHC complex, forming a pMHC complex. The pMHC
complex travels to the cell membrane, where it then interacts with TCRs and other
elements of the immune system.

The behavior of pMHC complexes extends to current cancer research. Studies
have found that some cancer cells produce an overexpression of self-peptides (native
peptides) [21]. If the interactions between peptides and MHC complexes were understood
more fully, therapeutic molecules could be created that target the self-peptides of cancer
cells.

TCRs behave with the pMHC in manners very similar to how peptides behave
with the MHC itself, which is why TCRs were examined in conjunction with pMHC

research. TCRs are unique, however, in that a single TCR can bind to more than a million
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different pMHC complexes, the reason for which has eluded scientists for years since its
discovery [13]. This phenomenon is known as TCR crossreactivity — that is, the ability of
a TCR to recognize more than one pMHC complex. T-cell crossreactivity is important in
the T-cell maturation, as its degree of crossreactivity determines exactly what type of T-
cell (CD4+ or CD8+) is produced through MHC-induced positive and negative selection
[8]. In addition, defects with TCR crossreactivity may be the basis behind autoimmune
diseases.

This study aims to explore TCR crossreactive behavior using the experimental
results of the study done by Ding et. al, “Four A6-TCR/Peptide/HLA-A2 Structures that
Generate Very Different T Cell Signals Are Nearly Identical”, in 1999 [2]. Using the
structures that he published to the Protein Databank, which is a library of thousands of
protein structures that are experimentally derived from scientists around the world, this
study aims to resolve patterns that lie therein that could not have been realized with the

technology of 1999 [2].

Methods, Data Collection and Initial Discussion
Most of the data used in this study is derived from the PDB, including the

computational structures of TCR-pMHC complexes derived from completed
experiments. In addition, another database, IMGT, was used. The IMGT is another
source for computational analysis of protein structures, holding data on more than 4,000
3D structures of antibodies, TCRs, MHCs and other proteins related to the immune
response. The public website includes contact analyses, individual chain details, residue

details, and other properties of protein-protein interaction.
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A key aspect of this study was visualization — that is, being able to view the
proteins examined in 3D space. The two molecular visualization tools used, UCSF
Chimera and PyMOL, are two pieces of free software that allow users to manipulate
proteins in 3D space and observe the basis behind protein-protein interactions [10]. They
also allow for the creation of aesthetically pleasing renderings that are suitable for
presentation. An image created in Chimera showing the interactions between a peptide-
MHC and the TCR A6 is shown below, with the MHC chains in green and blue, the alpha
and beta chains of the TCR in yellow and pink, and the peptide centered in dark blue

(PDB 1A07) [8].

Figure 1. HLA-A in complex with wild-type peptide and TCR A6

In addition, experimental data was gathered from the paper by Ding et. al. The

paper studied the crossreactivity of the TCR A6 with three different peptide mutations in
complex with the MHC HLA A*0201. The results of these three mutations were then
compared to the original pMHC complex. Our study looked primarily at the assay data
from the study; both a lysis assay and an interferon-gamma (IFN-y) assay were used. A
lysis assay involves a measure of how the TCR is able to destroy and antigen-presenting

cell after forming a complex with the pMHC. The IFN-y is a measure of structure
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stability, as stable TCR-pMHC complexes will lead to greater IFN-y release. The results

of these assays and relevant discussion are below.

Figure 2. % Specific Lysis Assay and Interferon-gamma Assay from Ding et al., 1999 [2]

Assay Discussion:
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The results from Ding et. al form the backbone of this study. It focused on three

mutations of the viral Tax peptide. A mutation in this case refers to a single amino acid

residue substitution in the peptide chain. We decided to look further into the structures

studied in 1999, which are here listed:
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Amino-acid Sequence Mutation

lao7 LLFGYPVYV No Mutation
1grn LLFGYAVYV P6A
1qgse LLFGYPRYV V7R
1gsf LLFGYPVAV Y8A

To further explain, the P6A mutation refers to the sixth residue proline substituted
by an alanine, and similarly for the other cases. These mutations were made in order to
gain a rough idea of TCR interaction with the peptide of the pMHC complex, and to
observe if the same bond and contact patterns would arise given a change to the amino
acid sequence.

As shown in the assays above, the seventh residue mutation of valine to arginine,
V7R, showed greater crossreactive potential than its two mutant counterparts, as both its
percent specific lysis and IFN-y readings were higher. This gives evidence that the V7R
mutation induced a relatively strong complex, at least when compared to the other
mutants, and that the TCR had relatively high crossreactive ability in this case. Our study

aims to analyze why this occurs at a structural level.
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Analysis of TCR-pMHC Complexes:

Data collection was centered on two main properties of TCR-pMHC interaction:
hydrogen bonding and hydrophobic (non-polar) contacts. Research has shown that
hydrogen bonding is one of the main forms of TCR-peptide contact [17]. Hydrogen
bonding is the electromagnetic attractive interaction between polar molecules, in which
hydrogen is bound to a highly electronegative atom, such as nitrogen, oxygen, or
fluorine. Hydrophobic contacts are a method of interaction governed by van der Waals
forces, but are not as strong as hydrogen bonds. An example of the structural
visualization of protein interactions in the molecular visualization tool Chimera is shown

here:

Figure 3. PDB 1A07 rendered in UCSF Chimera

In the image above, the pink represents the V-beta chain of the TCR A6, the
yellow the V-alpha chain, and the blue the peptide (PDB 1AQ7). Individual residues of
the peptide are labeled by their three-letter codes, and hydrogen bonds are represented by
black lines. Both Chimera output and the PDB and IMGT databases were used to gather
the hydrogen bond count at specific residues as well as a list of hydrophobic contacts.

This data was formed into graphs, and later analyzed, as shown in the results section.
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Individual Bond/Contact Analysis

The following graphs depict a tally of the hydrogen bonds and hydrophobic
contacts between the mutated peptide and both the alpha chain and beta chain of the same
TCR A6. The green bar is used to emphasize where the mutation occurred in the peptide.
The first graph maps the interactions between the original peptide (Tax) and the TCR, as
a control. The later graphs map the respective interactions as well as the control results

for comparison.

Wild-Type (Tax) Interaction Analysis — Graph 1.1
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Mutant

Wild Type

P6A Interaction Analysis — Graph 1.2
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Y8A Interaction Analysis - Graph 1.4
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Results and Discussion

In the sixth residue mutation, P6A, the mutated peptide showed fewer

hydrophobic contacts than the wild type. This may be because alanine could not be as

good at forming contacts than proline, since alanine is a smaller residue [6]. In addition,

the control shows that the sixth residue position is not as crucial in binding to the TCR,

even in the normal peptide, as hydrogen bond count is zero, and hydrophobic contacts are

low in both cases.

In the seventh residue mutation, V7R, which was the mutated peptide of focus,

the peptide does indeed show a greater number of both hydrogen bonds and hydrophobic

contacts to the TCR as compared to the wild type control. This data correlates with the
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relative strength of the TCR-pMHC complex with the V7R mutated peptide as shown in
the assays done in Ding et. al in 1999.

As for the eight residue mutation, Y8A, zero hydrophobic contacts and zero
hydrogen bonds are formed with the TCR as compared to the three hydrophobic contacts
and 2 hydrogen bonds formed in the control. This is interesting because it shows that the
eighth residue is important to binding in the original peptide, yet loses its ability to form
contacts with the TCR when mutated. Although this is supported in the assays, with the
Y8A complex performing the worst of the mutations, our results do not fully explain why

this happens.
Conclusions and Future Research

TCR crossreactivity is important in the understanding of some autoimmune
disorders and T-cell maturity. In this study | used computational structural analysis to
understand why this phenomenon occurred in one specific study done by Ding et al.

The structural data gathered supports the findings of Ding et al. in 1999. The
increased hydrogen bond and hydrophobic contact counts explain why Y7R was such a
stable structure, while the decreased counts of the other two mutations explain why they
were not as structurally stable.

In the future, we would like to study more instances in which the same TCR (in
this case, TCR A®6) is bound to single-residue mutated peptides in complex with MHC.
However, this is one of our limitations to research, since not many experimental studies
are done following this method. In addition, I would like to study the relationship
between alpha chain and beta chain contacts between the TCR and the peptide, as well as

the different CDR loops found as part of the TCR. Further research dealing with more
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methods of interaction, including the use of solvent-accessible surface area, would allow
for a more detailed examination of TCR crossreactive behavior and perhaps targeting of

TCRs to cancer cell markers one day in the future.
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