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Summary 

The white paper explores the immense therapeutic potential of G protein-coupled receptors (GPCRs), the largest 

family of membrane proteins in the human genome, comprising more than 800 members. GPCRs regulate 

diverse physiological processes, including sensory perception, immune responses, and cellular signaling. A key 

focus of this paper is GPCR drug discovery biased signaling, an emerging paradigm where ligands selectively 

stabilize specific receptor conformations to activate distinct pathways. This approach enables researchers to 

decouple therapeutic efficacy from adverse effects by targeting beneficial pathways while avoiding deleterious 

ones. New innovations are discussed that reshape GPCR-targeted drug discovery by unlocking previously 

inaccessible receptor targets and driving next-generation therapeutics with enhanced efficacy and safety profiles.  

 

 

Advances in GPCR Drug Discovery 

 

GPCRs are among the most successful drug 

targets in modern medicine, yet many remain 

underexploited due to the complexity of their 

signaling pathways and limitations in traditional 

screening methods (1). Recent breakthroughs in 

structural biology, particularly through cryo-

electron microscopy (cryo-EM) and X-ray 

crystallography—have transformed the field (2). 

These techniques have enabled high-resolution 

visualization of GPCRs in their active, inactive, 

and intermediate states, revealing new ligand-

binding pockets and providing insights into 

biased signaling. This understanding is critical 

for designing selective modulators that enhance 

therapeutic benefit while minimizing side effects 

(3). 

Complementing these structural advances, AI-

powered tools such as AlphaFold2 accelerate the 

prediction of receptor conformations and 

dynamics (4). These technologies facilitate 

structure-based drug design by modeling how 

potential drugs interact with GPCRs at the 

molecular level. 

By integrating structural data with machine 

learning, researchers can identify novel 

druggable targets and develop compounds with 

pathway-specific activity. Together, these 

innovations are redefining how GPCR-targeted 

therapies are discovered and optimized, offering 

new hope for tackling previously intractable 

diseases. Importantly, these computational 

advances must be complemented by wet-lab 

experimentation, which validates predictions and 

translates them into clinically relevant therapies. 

 

GPCR Biased Signaling 

 

Biased signaling is an emerging paradigm in 

GPCR research where ligands selectively 

stabilize specific receptor conformations to 

activate distinct intracellular pathways (5). 

Rather than uniformly triggering all downstream 

responses, certain ligands can preferentially 

activate either G protein or arrestin-mediated 

signaling, or even particular subtypes within 

these pathways. This molecular selectivity 

enables researchers and drug developers to 

decouple therapeutic efficacy from adverse 

effects by targeting beneficial pathways linked to 
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desired outcomes, while minimizing activation 

of signaling routes associated with deleterious 

side effects. Ultimately, biased signaling offers a 

sophisticated approach to designing next-

generation therapeutics with improved safety and 

effectiveness. 

 

Oliceridine is a prime example of a G protein-

biased agonist developed to target the µ-opioid 

receptor (µ-OR). Traditional opioids, like 

morphine, activate both G protein and β-arrestin 

pathways upon binding to µ-OR (6). While G 

protein signaling is primarily responsible for 

analgesic effects, β-arrestin recruitment is linked 

to many of the adverse effects of opioids, such as 

respiratory depression, constipation, and 

tolerance . Oliceridine preferentially activates G 

protein signaling over β-arrestin pathways. This 

selective signaling is achieved by the ligand’s 

unique structure, which stabilizes receptor 

conformations favoring G protein coupling. 

 

Additionally, psychedelic compounds, such as 

LSD and psilocybin, exert their effects primarily 

through the 5HT2A serotonin receptor. 

However, the therapeutic benefits (e.g., 

antidepressant or anxiolytic effects) and the 

hallucinogenic side effects are thought to be 

mediated by distinct intracellular signaling 

pathways (7). Biased ligands for the 5HT2A 

receptor are designed to preferentially activate 

signaling cascades (such as G protein or β-

arrestin pathways) associated with therapeutic 

outcomes, while minimizing activation of 

pathways linked to hallucinations or other 

adverse psychiatric effects. 

 

Integrated GPCR Drug Discovery Platform 

 

Methods such as the functional assays employed 

at Dalriada are required to confirm biased 

signaling and to translate predictive models into 

actionable insights for drug discovery. For 

example, β-arrestin recruitment assays directly 

measure receptor desensitization and 

internalization, while cAMP and IP-One assays 

capture G-protein–mediated signaling events. 

Additional readouts such as pAKT1, pERK1/2, 

and calcium flux further expand this toolkit, 

enabling a comprehensive characterization of 

pathway bias (Figure 1).  

 

Dalriada is licensed by Health Canada to work 

with Schedule I controlled substances, allowing 

us to research and develop cannabinoids, 

opioids, and psychedelics. The Dalriada team 

has extensive expertise in receptor signaling 

pathways, employing a suite of advanced 

functional assays.  

 

Leveraging this experience, we provide state-of-

the-art GPCR-biased signaling assays, for 

example the IP-One assay on 5HT5A receptors, 

which quantifies inositol monophosphate as a 

direct readout of Gq/11-coupled receptor 

activation and is crucial for dissecting 

serotonergic signaling relevant to 

neuropsychiatric drug discovery (Figure 2). For 

cannabinoid research, we utilized CB2 β-arrestin 

and cAMP assays—the β-arrestin recruitment 

assay detects receptor desensitization and 

internalization, while the cAMP assay measures 

G protein-mediated inhibition of adenylyl 

cyclase, both essential for evaluating CB2-

selective agonist efficacy and safety (Figure 2). 

Additional assays include pAKT1, pERK1/2, 

and calcium flux, all performed using cutting-

edge technologies like the FLIPR system, 

enabling comprehensive profiling of compound 

activity and signaling bias to support the 

development of safer, more effective 

therapeutics. 
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Figure 1. GPCR Signaling Pathways and Key Output Assays 
This schematic illustrates GPCR signaling dynamics, β-arrestin recruitment, and downstream effector readouts. Upon ligand 

binding, the GPCR undergoes a conformational change, activating heterotrimeric G proteins (Gα/Gβγ) via GDP/GTP 

exchange. Gα subunits diverge into subtype-specific pathways: Gαs stimulates adenylate cyclase, elevating cAMP and activating 

protein kinase A which phosphorylates ERK1/2. Gαq triggers phospholipase C (PLC), generating inositol trisphosphate (IP3) and 

diacylglycerol, with IP3 metabolites (e.g., IP-1) serving as biomarkers. β-Arrestin recruitment follows GPCR phosphorylation by 

kinases terminating G protein signaling and initiating β-arrestin-dependent pathways (e.g., ERK activation). Downstream kinases 

pAKT1 (via PI3K-Akt signaling) and pERK integrate proliferative and survival signals. The FLIPR system monitors real-time 

calcium flux (via Gq-coupled IP3 receptor activation) or membrane potential changes, enabling high-throughput screening of 

GPCR and ion channel activity. 

 

Figure 2. A: Potency Profiles of 5-HT, Psilocin, and DMT in IP-1 Assays Across 5-HT2A. Dose-

response curves in CHO-K1 Valiscreen cells expressing 5-HT2A receptors stimulated with reference compounds serotonin (5-

HT), psilocin, and DMT. The potency of each compound was determined using EC50 values derived from fluorescence resonance 

energy transfer (FRET)-based homogeneous time-resolved fluorescence (HTRF) assays. B and C. Functional characterization of 

CP55,940 and SR144528 compounds in cAMP assays using CHO-K1 cells expressing CB2.  
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Dalriada’s expertise and devotion 
has contributed significantly to 
the success of our STAT degrader 
platform and our being able to 
secure additional financing to 
further advance the project. 

“

“

“

Dalriada’s team rapidly designed  
and delivered bespoke novel  
primary cell assay system, with 
multiple inflammatory readouts 
for effective screening of several 
candidates and significantly  
advance our target validation  
efforts towards our development  
of next generation therapies in  
skin diseases.

Dalriada helped us to expand our 
footprint in medical cannabis field 
using pharmaceutical approach. 
Dalriada far exceeded our 
expectations by rapidly establishing 
a drug discovery platform, delivering 
a substantive IP portfolio and robust 
pipeline of distinct classes of novel 
proprietary cannabinoid analogs-
which are progressing into pre-
clinical development. 




