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The human IgG2 (hIgG2) isotype is unique in its ability to undergo redox based shuffling of its hinge disulfides.
Previous work identified hIgG2 as the optimal isotype for mediating activation (agonism) of multiple tumour
necrosis factor receptor superfamily (TNFRSF) members, with the hinge disulfides shown to be critical. CD40
is a co-stimulatory TNFRSF receptor that can be targeted using immunostimulatory monoclonal antibodies
(mAb) and is of interest for cancer immunotherapy [1].

Using, the clinically relevant anti-CD40mAb chiLOB7/4, we previously generated a series of cysteine to serine
mutation hinge variants that exhibited activities spanning the agonism/antagonism spectrum [2]. To elucidate
the mechanisms underlying these activities, a combination of molecular and structural biology along with
simulations were utilised [3].

X-ray crystallographywas used to determine the structures of the variants of interest, with sulfur-SAD used to
confirm the positions of the disulfide bonds in the hinge. It was revealed that disulfide bonds linking opposing
heavy chains (‘cross-overs’) were present in agonistic variants, while a more typical ladder-like topology was
observed in the non-agonistic variants. Restrictions imposed by the crystal lattice prevented investigation of
the dynamics of the different variants, leading to solution state techniques being used.

Small-angle X-ray scattering (SAXS) experiments revealed that the agonistic variants were conformationally
restricted in solution when compared to the non-agonistic variants, which were more flexible and elongated.
To bridge the gap between the atomic detail from the crystallographic information and the dynamic informa-
tion inherent in SAXS, molecular dynamics (MD) and enhanced sampling simulations were used.

MD and metadynamics simulations were used to further characterise the underlying mechanism behind the
conformational restriction. SAXS-based reweighting of the conformational pool generated by MD revealed a
clear trend of conformational restriction that correlated with increased agonism. Principal component analy-
sis of the MD simulations identified the F(ab)2 hinge bending and torsion angles as being key global motions
that differed between agonistic and non-agonistic variants. Thesemotionswere then taken intometadynamics
simulations as collective variables (CVs) to allow for enhanced sampling of these motions. Reconstructions of
the free-energy surfaces for these CVs reveal restrictions in the accessible conformational space that correlate
with increasing agonism.

These insights reveal that regulation of mAb conformation and flexibility as a key mechanism by which mod-
ulation of agonism can be achieved. Future work aims to investigate if this mechanism of modulation is more
broadly applicable to other members of the TNFRSF or other receptor families and if further restriction of
flexibility can deliver improved agonism.
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