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Introduction : Vitamin K epoxidereductase
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Introduction

Identification of the functional states of human
vitamin K epoxide reductase from molecular
dynamics simulationsti

N. Chatron,?®¢ B. Chalmond,? A. Trouvé,? E. Benoit,® H. Caruel,© V. Lattard®
and L. Tchertanov (2*2

In mammalians, the enzymatic activity of vitamin K epoxide reductase (VKORC1) requires a protein
conformational reorganisation that includes several transient enzymatic states involving a dynamic
electron transfer. Regarding the structurally non-characterised human enzyme (hWWKORC1), this process
remains poorly explained and the different redox states of the enzyme generated by its biochemical
transformation are unknown. Here, we report a 3D model of the fully reduced hVKORC1 at the atomistic
level. By exploring this model through molecular dynamics (MD) simulations, we established the most
probable intermediate states of the enzyme which were used for generation of the putative functionally-
related enzymatic states. Enzymatic functionality of each state was assigned by probing their recognition
properties with respect to vitamin K in its quinone and hydroxyguinone forms. Two states were identified
as contributing to the two-step vitamin K transformation. The state highly selective for native vitamin K
was further validated through analyses of its free energy of binding with vitamin K agonists (VKAs) that
showed a high correlation with the experimental inhibiting constants.

species.'™* The function of the latter cysteine residues in
human VKORC1 remain controversial'*'* as the regulation of

The mammalian vitamin K epoxide reductase (VKOR) VKORC1 human enzyme activity differs from that of the bacterial
is an endoplasmic reticulum (ER)-resident transmembrane enzyme, Le. in the absence of a thioredoxin domain, hVKORC1
protein involved in y-carboxylation of glutamate residues of should use an external partner as a redox source.*

vitamin K-dependent proteins (PVKD). These proteins include Deregulation of the catalytic activity of hVKORC1, usually
blood clotting factors, matrix Gla protein and osteocalcin,™* prompted by naturally occurring mutations, is responsible for



A The four TMhelices 3Dn silicomodel of hWKORC1 developegChatronet al. (2017)
was confirmed empirically{uet al.,2021)

Chatron N., Chalmond B. Trouvé A., Benoit E.,
Caruel H., Lattard V., Tchertanov, L. Identification
of the functional states of human vitamin K
epoxide reductase from molecular dynamics
simulations. RSC Adv. 2017, 7, 5207%#5209Q
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A The enzymatidike (biologically relevant) states were identified and thele in the
hVKORC1 enzymatic process @sisblished byChatronet al. 2017
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ThehumanVKORC recognitionby thioredoxin-fold proteins

Activationof VKORequiresits cooperation

7 H T H with a redox partner delivering reducing
HNJ\E HN)K( equivalents  through thiol-disulphide
R s e, exchangereactions, involving a disulphide

HN R" _SH % m"kepp bridge from the extendedluminal loop (L-
OIN /(H I /g‘ @ loop) of VKOR The activation process
B8 — representsa first and less studied step in

VKORYital cycle
¢ K | kincdiva ?

VKORChctivator. Trx-like protein with the redoxactivity
FourproteinscandidatesERp18, PDI, TMX1, TMX4
Fonction:Maintaining of proteinsin the reducedstate (SHSH

Propriety. Containsa conserved CXX,C (X1 ,)-motif

CX%X,C motif



VKORC 1 viewedasthe target of a Trx -fold protein

™4

TM3
T™M2

T™1

L-loop R33N78aas

The Eloop in the inactivedxidised state of hVKORC1 is noticeably less flexible than the reduced stduasdnet al.
2017 and more folded. Three helice8 H1 and two transient helices, H2 and H8ere generally maintained over the MC
simulations obxidisedhVKORC1, while the length and spatial positions of the helices were highly variable.




