Investigation into the Effect of Dimerization on PKR Activation with Enhanced Sampling
Molecular Dynamics Methods
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Is active-like PKR less energetically favorable as a monomer?
Human protein kinase R (PKR) is a serine/threonine kinase which is centrally involved in the cell’s innate immune response to viral infection. Upon MEthOds _ _ o o . . o
binding viral dsRNA transcripts, PKR dimerizes and self-activates through autophosphorylation, enabling the downstream phosphorylation of e Sj th ' tant st t f To investigate the plausibility of the three-step activation hypothesis, the free energy profile of activation for a PKR monomer was compared to
. RN . . ) . INCe there IS N0 exXtant structure o . . : : . . e . : :

eukaryotic translation initiation factor 2 subunit alpha (elF2a). In its phosphorylated state elF2a inhibits the translation of viral RNA products, . . that of a dimer in computer simulations. First an activation pathway — here, the repositioning of the a-C-helix in an initially inactive monomer —
arresting viral proliferation. The prevailing model of the self-activating dimerization event has PKR’s protomers forming a back-to- back (BTB) an inactive PKR molecule, d was generated using steered molecular dynamics simulations. Bias exchanged umbrella sampling along this pathway allowed us to maximally
homodimer, with their activation loops on opposite sides of the complex. In the B2B model, the protomers are autophosphorylated in a cis fashion . . es ) - -

mple the transition’s fr ner rf n rately calcul he fr nergy of the r ion rdinate.
when an intra subunit contact is formed between the activation loop and the ATP binding site. We propose that activation in fact occurs in a three- 10m0|0gy mOdeI was bUIlt using the sample the transition’s free energy surface and accurately calculate the free energy of the reaction coordinate
step process: back-to-back dimerization, which induces an active-like conformation of the protomers, followed by a second front-to-front trans event _TASSER[7] SOftWB re g nd used as the
in which a third “substrate” protomer is phosphorylated by the active dimer. Here we focus on the first stage of activation, how back-to-back . . . . .
dimerization can induce an active conformation of the protomer. We use non-equilibrium molecular dynamics simulations to generate the activation DASIS for the activation sl mU|at|OnS
pathways of PKR molecules in both monomer and back-to-back dimer states. A hallmark of activation in ser/thr kinases is the repositioning of their a- . 6] .
c-helix toward the enzyme’s catalytic center, which is the coordinate we use to define the activation transition. From our pathways we perform * Usl ng GROMACS™ COM pu I | INg, da
extensive bias-exchange umbrella sampling simulations to sample and compute robust estimates of the free energy landscape for activation. From stee red MD (SM D) trajecto ry was
these free energy profiles we are able to compare barriers and overall free energy changes to evaluate how dimerization affects the energetics of . . .
activation. generated in which the E308 residue
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toward K296 near the catalytic
center, with which it must form a salt
bridge for PKR to be active -- a
distance of ~14 A
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