Locking out water at 100°C.
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Thermophilic proteins, present in organisms that live at high temperatures, denature at
much higher temperatures compared to their mesophilic counterparts. How these proteins stand
the heat has long been researched and is particularly interesting because homologous pairs of
thermophilic and mesophilic proteins show a high degree of structural and sequence similarity.
In early studies of thermophilic proteins the proportion of solvent-accessible charged residues
was found to be increased at the expense of polar residues [1,2]. Further analyses confirmed this
and also noted strengthening of hydrophobic cores by branched apolar residues [3]. At the same
time, whether thermophilic proteins actually need to be more or less flexible than their
mesophilic counterparts and the potential usefulness of surface loop deletion has been debated
[4-7].

A relatively clear solution for thermostability seems to have been adopted by a particular
hyperthermophilic protein, glutamine amidotransferase (GATase) from the archaeon,
Methanocaldococcus jannaschii (MjGATase). This protein is post-translationally modified,
converting Asnl09 into a succinimidyl residue (SSN) that confers remarkable thermal stability
on the protein, which resists unfolding up to 100 °C. In this issue Dongre et al [8] present a
crystal structure of MjGATase and, using enhanced sampling molecular dynamics (MD)
simulations, address the mechanism of its increased thermostability. The succinimide residue
(SNN109) lies at the solvent exposed tip of a loop in the protein, and this is curious as SNN is
notoriously prone to detrimental hydrolysis. However, Dongre et al show that in MjGATase
SNN109 is protected from hydrolysis by electrostatic shielding by the side chain carboxylate
group of its succeeding residue, Asp110 as well as through n—n* interactions between SNN109
and its preceding residue, Glu108, both of which prevent water access to SNN, even in extreme
heat.

So how does the SSN furnish stability? Well, the experiments and simulations show that
the conformationally-restricted succinimide-containing segment forms a strong local
conformational lock, even at the highest temperature examined through simulation, inducing the
formation of an alpha-turn structure involving a 13-atom hydrogen bonded ring. This rigidity is
shown to propagate through the protein, reaching the active site. Further, conservation of the
succinimide-forming tripeptide sequence (E(N/D)(E/D)) in several archaeal GATases suggests
an adaptation of this otherwise detrimental post-translational modification may have been an
early evolutionary ploy for thermostability in the rude environments of hot springs and
hydrothermal vents and on primitive Earth.
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