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In this study we apply Cryo-electron tomography (Cryo-ET) to resolve the
structural changes of coagulation Factor VIII (FVIII) upon membrane binding.
Despite the pivotal role FVIII plays in blood coagulation, information for its
membrane-bound structure is incomplete. Cryo-ET is a powerful approach to
investigate the functional structure of protein complexes close to the physiolog-
ical state.

Coagulation Factor VIII (FVIII) is a multi-domain blood plasma glycoprotein.
Defect or deficiency of FVIII is the cause for Hemophilia type A - a severe
bleeding disorder. Recombinant FVIII concentrate is the most effective drug
against Hemophilia type A. Human and porcine FVIII concentrates are
commercially available. Porcine FVIII is highly homologous to human FVIII
(86% sequence identity) and is used as replacement therapy in patients who
develop inhibitory antibodies against the human form, as it also forms active
complexes with human Factor IXa.

During blood clotting, FVIII undergoes proteolytic activation. Activated FVIII
then binds to Factor IXa on the negatively charged platelet membrane to
enhance thrombin generation and secure timely coagulation. Upon binding to
a membrane, FVIII undergoes structural changes critical for its function.

The resolved structural differences between the porcine FVIII in solution and on
the lipid membrane define the critical interfaces for its function. Structural under-
standing of Factor VIII binding to the membrane provides the basis for the design
of novel therapeutic interventions against both hemophilia and thrombosis.
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G protein coupled receptors (GPCRs) are 7 transmembrane (TM) helical pro-
teins that signal through effector proteins bound at the intracellular (IC) inter-
face. Agonist binding at the extracellular (EC) domain triggers conformational
change at the IC domain leading to receptor activation. However, the mecha-
nism of allosteric communication and the amino acids involved in the pipelines
of allosteric communication (allosteric pathways) are not known yet. In this
study, we have mapped the allosteric pipelines of communication in B,-adren-
ergic receptor (B,AR) using microseconds timescale Molecular Dynamics tra-
jectories. Using mutual information in the internal coordinates, we have
compared the allosteric pipelines among three B,AR conformations; inverse
agonist bound inactive state, agonist bound intermediate state, and agonist
and G protein bound active state. Strong allosteric communication along the
TM domains stabilize the receptor in the inactive and active conformations.
However the agonist bound intermediate state is dynamic showing weakened
communication between the EC and IC domains. We have identified the resi-
dues that mediate multiple allosteric pipelines as allosteric hubs. These allo-
steric hubs have also been identified with the mutations that alter the
receptor efficacy without altering the ligand binding. The role of such muta-
tions were not previously understood.

We have identified the residue networks involved in a continuous communica-
tion pipeline from the EC loops to the G protein coupling site. One of the termi-
nation points of the activation signal is the engineered Zn>" binding site at the
IC interface, which is a known positive allosteric modulator binding site in
B,AR. We have shown how our method in conjunction with MD simulations
can identify allosteric pockets which can then be used for screening allosteric
drugs in GPCRs.
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Protein kinases chemically add phosphate groups to target proteins. Phosphor-
ylation usually results in a functional change of the target protein, and serves as
a regulatory mechanism to elicit a response to a stimulus at the cellular or or-
ganism level. Protein kinase A (PKA) was first characterized in 1968 and is
considered to be the prototype for the entire kinome. The inactive form of
PKA is a heterotetramer of two catalytic subunits (PKAc) that are bound to
each member of a regulatory subunit (PKAr) dimer. PKA activates when two
cyclic-AMPs bind to each of the PKAr, which releases the PKAc to perform
the phosphorylation reaction on a polypeptide substrate. PKAc has two lobes
that flank the active site: a small N-terminal lobe that is primarily associated
with binding and positioning ATP, and a large lobe that provides a docking sur-
face for substrates or inhibitor proteins. PKAc has three major conformational
states: open, intermediate and closed. Despite its early discovery, its activation
and deactivation is still not fully understood. Although NMR spin relaxation
experiments have probed local dynamics, the movements of the PKAc do-
mains, that may be related to its biological activity, have not been directly
examined. To gain new insight into the role that PKAc dynamics plays in the
phosphotransfer reaction, we performed microsecond long molecular dynamics
simulations of apo-PKAc, PKAc-ATP (intermediate) and PK Ac-ATP-substrate
peptide (closed, reactive) and PKAc-ATP-inhibitor peptide (closed, nonreac-
tive) complexes. By applying a network-based analysis method, we found
conformational communities for PKAc in the various states that made it
possible to identify critical residues and structural transitions involved in the
catalytic process.
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Heterotropic effectors reduce the O2-affinity of hemoglobin (Hb) as much as
>10\3-folds: P50 = 0.4 — 200 mmHg, Klow = 0.3 — 0.004 mmHg-1, and
Khigh = 10 — 0.004 mmHg-1. However, there are no detectable changes in
either static T/R-quaternary and associated tertiary structures or the stereo-
chemical and electronic structures of the heme coordination that are attributable
to such changes in the O2-affinity of Hb, upon binding of the heterotropic ef-
fectors to either T(deoxy)- or R(oxy)-Hb1,2, indicating that the O2-affinity of
Hb is not regulated by static T/R-quaternary and associated tertiary structures
of Hb and that the reactivity (or the O2-affinity) of the heme Fe itself is not
altered1, in sharp contrast to the mainstream idea of the heme-centric regulation
of the O2-affinity in Hb3. Our 6ns-molecular dynamics simulations4,5 indi-
cated that the amplitudes of very high-frequency (>GHz) thermal fluctuations
of the globin matrix are entropically enhanced by the dissociation of O2 from
oxy-Hb and/or binding of heterotropic effectors to deoxy- and oxy-Hb, in par-
allel to the reduction of the O2-affinity. The rate of dissociation of O2 from
oxy-Hb is enhanced by the effector-linked enhanced thermal fluctuations,
which simultaneously reduce the rate of geminate-recombination of O2. This
results in the reduction of the apparent O2-affinity of Hb by heterotropic
effectors.

References: 1 Yonetani & Kanaori, BBA 1834 (2013) 1873-1884; 2 Kanaori
et al., BBA 1807 (2012) 1253-1261; 3 Perutz, Nature 228 (1970) 726-739; 4
Laberge & Yonetani, Biophys. J, 94 (2008) 2737-2751; 5 Yonetani & Laberge,
BBA 1784 (2008) 1146-1158.
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Proteins must transition between multiple conformations to accomplish their
functions in the cell, yet the dominant three-dimensional perspective involves
a static crystal structure representing the most populated single conformation.
Recent advances have revealed previously "hidden" alternative conformations
with the potential to bridge dynamic descriptions from NMR spectroscopy
with the static descriptions from X-ray crystallography. However, it remains
challenging to determine which of these alternative conformations are
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