u

) <

The University of Osaka
Institutional Knowledge Archive

Title TCR-pMHC complex formation triggers CD3 dynamics

Author(s) |Mohammad Ahmad Sherif, Aalaa Alrahman

Citation |KFRKZ, 2025 1HIHwX

Version Type

URL https://hdl. handle.net/11094/101848

rights
POEB/BRWERI’H B EFANBEMBERILEEEL -
2, 2XIRKATEOHRBTOENEZ LTV
Note | To EXDIFAECHLEDBEIR, <a

href="https://www. Library. osaka-
u.ac. jp/thesis/#closed”> KR KFEDIEBLEHHRTICD W
K/ TSREI W,

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



[Format-P02]

woxoN R 0 ® R
Synopsis of Thesis

K 4

Name

Aalaa Alrahman Mohammad Ahmad Sherif

A4 | TCR-pMHC complex formation triggers CD3 dynamics
Title (TCR-pMHCHEARTERMNCD3IX A F 2 7 A& 5l & ZF)

A LA D HL S (Abstract of Thesis)

(H H(Objective)]
The mechanism of T cell activation by peptide-MHC binding (pMHC) has been studied for decades. Upon
TCR-pMHC binding, T cells are activated through downstream signaling cascade involving the
phosphorylation of the immune receptor tyrosine-based activation motifs (ITAMs) located on the
cytoplasmic CD3 long tails. However, the mechanism by which the initial signal propagates from the
extracellular TCR-pMHC domains through plasma membrane remains elusive.

(k7 & N Ak (Methods/Results) )
We investigated the dynamics of TCRs in both unbound and pMHC-bound states using computational and
experimental approaches. Through molecular dynamics simulations, we developed a model referred to as the
“drawbridge model,” demonstrating that in the unbound state, the extracellular domain (EC) of the TCR
bends over the CD3 chains, with the TCRB-FG loop acting as a gatekeeper that restricts the mobility of the
CD3 complex. Upon pMHC binding, the TCR EC extends, allowing CD3 proteins to move freely, initiating
downstream signaling cascades and subsequently activating the T cell.
The flexibility of TCR EC movement is attributed to the connecting peptides (CPs), referred to as the 'hinge
region,' which link the TCR extracellular domain (EC) to the transmembrane domain (TM). To further
investigate the role of hinge region in T cell stimulation, we introduced mutations in two conserved glycine
residues in the TCRP CP, substituting them with alanine and proline. In MD simulations, these substitutions
were predicted to bias the TCR to the activated conformation, with effect of the proline substitution being the
strongest. Consistently, the Proline substitution resulted in a significantly higher percentage of activated T
cells, whereas the alanine substitution led to only a slight increase in T cell activation compared to the wild

type.

(#  FH(Conclusion)]
The drawbridge molecular model of T cell activation provides a novel explanation of how pMHC binding
triggers CD3 dynamics. Consistent with this model, rigidifying the hinge region with a proline mutation
enhanced T cell stimulation, suggesting that the TCR hinge region could be a promising target for
immunotherapy.
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Ms. Sherif’s thesis project focused on the signaling mechanism of the T cell receptor (TCR).
While it is known that T cells become activated when TCRs engage with peptide-MHC (pMHC)
complexes having sufficient affinity to form a stable complex, the mechanism by which this
information is conveved to the T cell is controversial. Many models have been proposed,
including mechanosensory, kinetic proofreading, clustering etc. In order to investigate
this question in an unbiased way, Ms. Sherif made use of recent crvo-EM structures of the
complete TCR-CD3 complex and of structures of the TCR ectodomain bound to a pMHC. Her
colleague, Floris van Eerden, performed molecular dynamics simulations on a single-membrane
system consisting of only the TCR-CD3 complex and of a dual membrane system consisting of
the aforementioned TCR-CD3 complex on one membrane and a pMHC embedded in a second membrane.
Dr. Van Eerden observed that the dynamics of the CD3 molecules were very different in the
two systems. Specifically, in the TCR-CD3 system, the CD3 molecules were tightly coupled
to the TCR; in contrast, in the TCR-CD3-pMHC system, the CD3 molecules diffused much more
freely, owing to-a tilt in the angle of the TCR needed to bind the pMHC. These results implied
that the TCR must undergo large-scale movements upon pMHC engagement. When we looked for
hinge residues that could facilitate such movement, we found a pair of conserved glycine
‘residues in the TCR beta chain that appeared to act as such a hinge. In order to validate
this, Ms. Sherif constructed reporter cells expressing both wildtype and hinge-mutant TCRs
by replacing glycine with either alanine or proline. Interestingly, the proline mutant TCRs
were hypersensitive within a 2-4 hour window following stimulation. Furthermore, when we
carried out molecular dvnamics simulations of the mutants, we found that the proline mutants
were locked in a conformation close to the TCR-pMHC system. These findings contradicted
recent reports that claimed TCRs in resting and activated T cells have nearly identical
structures. Interestingly, two months after Ms. Sherif’s paper was published, a group in
the U.S. demonstrated that the earlier structural work showing a lack of conformational
change were due to artifacts in sample preparation resulting from the use of crosslinking
and detergents rather than intact membrane. Together Ms. Sherif’s publication and the
subsequent work from the U.S. demonstrate that TCRs undergo large conformational changes
upon pMHC engagement, and that these changes affect the interaction between TCR and CD3.
Future work may reveal new molecules that can shift the activation barrier for T cells based
on these findings.

This research is worth being granted a doctoral degree (medicine).




