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BACKGROUND

Many physiological functions in our body are mediated by the interaction of a large number of chemically divergent endogenous ligands, such as biogenic amines, peptides, glycoproteins, lipids and nucleotides, with the G-protein-coupled receptors (GPCRs). Furthermore, the
sensation of exogenous stimuli, such as light, odors, and taste, is mediated via this class of
receptors. The G-protein-coupled receptors (GPCRs) comprise the largest superfamily of proteins in the body and playing a fundamental role in cellular function are estimated to be the target for more than 50% of the currently available drugs.
These plasma membrane proteins share a common structural motif of seven membranespanning domains (TMs) (heptahelical motif), connected with three extracellular (EL) and
three intracellular (IL) loops. Agonist binding to extracellular loops of GPCRs and/or to amino
acids of the membrane-spanning domains located towards the extracellular portion of receptors promotes conformational changes that are propagated through their membrane-spanning
domains to the intracellular portion of receptors. Such conformational alterations in the cytoplasmic portion of GPCRs promote their interaction with and subsequent activation of heterotrimeric G-proteins. Activated G-proteins modulate several cellular signaling pathways,
thus resulting in a cellular response.
Despite the fact that all GPCRs share a common heptahelical motif and the common feature to interact with and activate G-proteins, they are remarkably diverse at the sequence level
and fall into six subfamilies. Two of the GPCR subfamilies include the receptors related to the
“light receptor” rhodopsin, the dopamine and the adrenergic receptors (family A), and the
receptors related to the secretin, and the corticotropin releasing factor (CRF) receptors (family
B).

RESEARCH

The long-term goal of the laboratory is to obtain information for the structure of GPCRs,
to determine the mode of ligand binding to these receptors and to uncover the molecular mechanisms involved in their activation. These studies will put the basis for the design of receptorselective ligands with predetermined efficacy. In specific, the laboratory engages in two specific areas of research:
1. Elucidation of the structure and function of the corticotropin releasing factor (CRF) receptors
CRF receptors (type 1, CRF1, and type 2, CRF2) belong to subfamily B of G-protein coupled receptors (GPCRs). The larger peptides (corticotropin releasing factor, CRF, and CRF-like
peptides) bind to the extracellular domains of CRF receptors whereas the smaller non-peptide
antagonists have been proposed to contact residues of the membrane-spanning domains of
receptors. In contrast to family A GPCRs, little is known about the structure of CRF receptors,
as well as for all receptors belonging to family B GPCRs. Furthermore the information from
previous studies is still inadequate to fully identify the structural determinants of CRF receptor/peptide interactions. The efforts in our laboratory are 1) to obtain structural information
for CRF receptors, using a variety of techniques, 2) to determine the role of the amino acids of
CRF receptors in the binding of CRF and CRF-like peptides, natural and synthesized in the laboratory of Dr. Tselios (University of Patras), and 3), to determine, in collaboration with the lab-
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oratory of Dr. Grammatopoulos, the role of the amino acids in the intracellular regions of CRF1
in receptor coupling to different G-proteins. The above studies will put the basis for the design
of CRF receptor selective ligands.
2. Uncovering the molecular mechanisms involved in the activation of GPCRs,
using as prototype the beta2-adrenergic receptor.
Efficacy has been defined in receptor pharmacology as a proportionality factor denoting
the amount of physiological response a given drug imparts to a biological system. Design of
drugs with predetermined efficacy is as significant as the design of receptor-selective drugs.
Since the term efficacy of a drug is associated with the degree of activation of its receptor by this
drug, understanding the receptor activation-associated structural changes would uncover the
molecular mechanism that underlies efficacy, thus providing further information for the design
of drugs with predetermined efficacy. To determine activation-associated structural changes of
GPCRs, our laboratory, in collaboration with Jonathan Javitch (Columbia University, USA),
perform a variety of experiments, using as prototype the beta2-adrenergic receptor. We use the
beta2-adrenergic receptor as prototype because activation-associated structural changes of
beta2-adrenergic receptor will possibly help to uncover the molecular mechanisms of activation
of different GPCRs based on the assumption that they must share one or more molecular mechanisms of activation. This hypothesis is based on that all GPCRs receptors, as mentioned above,
share a common heptahelical motif and the common feature to interact with and activate Gproteins, and it is experimentally supported by many studies on different GPCRs, including
those performed in our laboratory.
We found, in collaboration with Jonathan Javitch, that coordinated rotamer changes of
residues 6.47, 6.48, and 6.52 in the sixth membrane-spanning domain (TM6) of beta2-adrenergic receptor appear to be associated with receptor activation. This rotamer toggle switch may
impact the alpha-helix backbone and during receptor activation may result in an alteration in
the configuration of the hinge formed by the highly conserved Pro in TM6 (Figure 1). It is most
likely that such a receptor activation-associated conformational alteration is associated with
the disruption of an ionic lock between the cytoplasmic ends of the third and sixth membranespanning domains of receptor, and their movement away from each other, as suggested by the
results of our studies (Figure 2).
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In collaboration with Dr. Javitch we are now working to elucidate more activation-associated conformational changes of beta2-adrenergic receptor, including those in the cytoplasmic
regions of receptor, which are responsible for the interaction of the activated receptor with Gproteins.
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