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Orion Biotechnology is embarking on a journey to capture 

the therapeutic potential of untapped GPCRs. 

Unlocking the Therapeutic 

Potential of Previously 

Undruggable GPCRs 
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Executive Summary 

This whitepaper will provide an overview of G Protein-Coupled Receptors (GPCRs) and discuss 

current trends in GPCR drug discovery. GPCRs are an important class of drug targets that 

represent approximately 30% of global drug market sales. However, the receptors that these 

ƳŜŘƛŎƛƴŜǎ ǘŀǊƎŜǘ ƘŀǾŜ ōŜŜƴ ŘŜǎŎǊƛōŜŘ ŀǎ ǘƘŜ Ψƭƻǿ-ƘŀƴƎƛƴƎΩ ŦǊǳƛǘΣ and many of the remaining 

GPCRs have shown low tractability using established drug discovery approaches. This situation 

is now evolving, with recent scientific and technological breakthroughs encouraging a new 

wave of GPCR drug discovery. 

Among the challenging GPCRs are approximately 50 that have large natural ligands. While these 

small protein GPCRs are valuable drug targets linked to serious diseases, many remain 

undrugged because they are less tractable to standard drug discovery approaches. To solve this 

industry-wide problem, Orion Biotechnology (Orion) is introducing a novel solution driven by its 

PROcisionXTM platform: precision-engineering analogs based on the natural small protein 

ligands of these receptors to unlock their therapeutic potential. 

The GPCR Opportunity 

GPCRs are the largest and most diverse group of membrane receptors. They are composed of 

seven membrane-ǎǇŀƴƴƛƴƎ ʰ-helices, comprising the transmembrane (TM) domain of the 

receptor, joined by alternating intracellular and extracellular loop regions that form the 

intracellular and extracellular faces of the receptor. In general, signaling occurs when agonists 

engage key microswitch structures located in the TM domain. These interactions induce local 

conformational changes which are amplified and transmitted to the intracellular face of the 

receptor, leading to the binding and activation of cytosolic effector proteins: the G proteins 

after which GPCRs are named, and arrestins which both shut off G protein activity and elicit G 

protein-independent signaling pathways. 

There are approximately 800 human GPCRs in the superfamily, controlling a broad range of 

physiological activities. Roughly half of the receptors in the superfamily are sensory GPCRs, 

involved in olfaction, taste, vision and pheromone signaling. The remaining non-sensory 

receptors, with functions more readily linked to pathology, are currently the main focus for 

GPCR drug discovery. 
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A New Wave of GPCR Drug Discovery 

GPCRs are considered highly druggable, with GPCR-targeting therapeutics contributing ~30% of 

global drug market sales. However only ~15% of the GPCR superfamily has been successfully 

drugged, due in part to the intractability of certain groups within the GPCR superfamily to 

standard drug discovery approaches.  

Spurred on by new scientific and technological advances related to the understanding of 

structure and activation mechanisms of GPCRs, the biotech investment community has injected 

significant funding into small biotech companies developing novel technology platforms to 

target GPCRs in recent years. Within the last two years, three investments stand out: 

¶ Tectonic Therapeutics: received $80 Million USD in Series A financing to develop GPCR-

targeting nanobodies.  

¶ Septerna: closed a $100 Million USD Series A round to develop small molecule drugs 

against difficult-to-drug GPCRs. 

¶ Domain Therapeutics: completed a $42 Million USD Series A round to develop novel 

immunotherapies, including an anti-CCR8 antibody. 

Small Protein GPCRs are Difficult to Drug  

Among the GPCRs that are challenging to drug using standard approaches is a group of 

approximately 50 receptors whose endogenous ligands are small proteins. These receptors 

have much larger binding pockets than the majority of GPCRs that have been successfully 

drugged so far. The significantly increased surface area of ligand-receptor interface for these 

GPCRs makes modulation with small molecule drugs, when they can be identified, much more 

challenging. 

Firstly, small molecule inhibitors only occupy a fraction of the available surface area in the large 

binding pocket, making them unsuitable for achieving full blockade of the natural ligand. 

Secondly, because the activation mechanism of small protein GPCRs involves making key 

contacts with the receptor at structurally distant sites in the binding pocket, it is difficult to 

achieve a high level of control over the quantity and quality of signaling activity using small 

molecule agonists. 

Significant resources have been invested into the search for small molecule modulators of small 

protein GPCRs, but discovery is challenging and the attrition rate during clinical development 

has been very high. 
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Developing Small Protein Therapeutics with a Novel Discovery Platform 

One way to overcome the challenges presented by small protein GPCRs is to use small proteins 

as modalities to target them. These approaches include generating ligand analogs by precision 

engineering the natural small protein ligand of the receptor. The natural ligand of the target 

receptor provides an excellent scaffold, already with a size and shape that matches its binding 

pocket. The engineered analog approach involves optimizing this scaffold, adding and 

subtracting molecular contacts between the ligand and the receptor to obtain the required 

potency and signaling output. 

Small protein GPCRs feature a two-component binding mechanism in which one part of the 

ƭƛƎŀƴŘ ŜƴƎŀƎŜǎ ǘƘŜ ŜȄǘǊŀŎŜƭƭǳƭŀǊ ŦŀŎŜ ƻŦ ǘƘŜ ǊŜŎŜǇǘƻǊΣ ǇǊƻǾƛŘƛƴƎ ŀƴ ΨŀŘŘǊŜǎǎΩ ŦǳƴŎǘƛƻƴΥ ōƛƴŘƛƴƎ 

affinity and specificity. The other part of the ligand reaches in to contact the TM domain of the 

ǊŜŎŜǇǘƻǊΣ ǇǊƻǾƛŘƛƴƎ ŀ ΨƳŜǎǎŀƎŜΩ ŦǳƴŎǘƛƻƴΥ ŜƴƎŀƎƛƴƎ ǘƘŜ ƳƛŎǊƻǎǿƛǘŎƘŜǎ ǘƘŀǘ ŎƻƴǘǊƻƭ ǎƛƎƴŀƭƛƴƎ 

activity. As seen below in Figure 1, natural ligands do not make use of all the potential binding 

contacts with the TM domain of the receptor, and by modifying these key points of contact it is 

possible not only to strongly increase binding affinity but also to fine tune both the quantity 

and quality of receptor signaling. 

 
Figure 1. Left: Natural ligands of small protein GPCRs use a two-component binding mechanism, with 

extracellular domain binding providing a highly specific ΨŀŘŘǊŜǎǎΩ ŦǳƴŎǘƛƻƴ, and the transmembrane 

domain binding making ΨƳŜǎǎŀƎŜΩ contacts that drive signaling activity. Right: Orion ligand analogs are 

engineered to optimize transmembrane domain providing significantly increased binding affinity and 

providing a means to control both the quantity and quality of signaling activity. 

OǊƛƻƴΩǎ approach to engineering ligand analogs involves leaving ǘƘŜ ΨŀŘŘǊŜǎǎΩ ōƛƴŘƛƴƎ interface 

on the extracellular face of the receptor unchanged and searching for optimized interaction 

with the TM domain of the receptor. This characteristic provides a major advantage in drug 

discovery: massive parallel library-based screening can be carried out directly on living cells 

expressing the target receptor. The unmodified ΨŀŘŘǊŜǎǎΩ interaction ensures that all molecules 

in the library are specific for the target receptor rather than irrelevant cell surface targets, 

meaning that in contrast to all of the other current Dt/w ŘƛǎŎƻǾŜǊȅ ǇǊƻŎŜŘǳǊŜǎΣ hǊƛƻƴΩǎ 
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approach does not require the onerous and time-consuming processes of target receptor 

expression, purification and stabilization at the beginning of a discovery campaign. 

hǊƛƻƴΩǎ twhŎƛǎƛƻƴ·TM Platform 

Lƴ hǊƛƻƴΩǎ ŘƛǎŎƻǾŜǊȅ ǇǊƻŎŜǎǎΣ ǎƘŀǇŜ ǎǇŀŎŜ ŀǘ ǘƘŜ ¢a ŘƻƳŀƛƴ ΨƳŜǎǎŀƎŜΩ ǎƛǘŜ is extensively 

explored by using surface display technology, with molecular diversity focused into the part of 

the ligand that engages the TM domain. Libraries of billions of analogs are screened in parallel 

for functional interaction with receptors presented in their physiological environment. 

Selection of the libraries typically leads to the isolation of several hundred candidate hits, 

enriched because they either bind with increased affinity at the cell surface, or because they 

have an enhanced capacity to elicit receptor internalization, thereby gaining the capacity to 

shelter inside the cell. Both properties enable enhanced ligands to avoid being eliminated 

during the stringent washing process. 

All candidate hits are then rapidly produced in parallel by total chemicaƭ ǎȅƴǘƘŜǎƛǎ ǳǎƛƴƎ hǊƛƻƴΩǎ 

proprietary multiplex synthesis technology, and then screened for pharmacological activity 

(receptor binding affinity, G protein and arrestin signaling) in high throughput cell-based assays. 

Screening directly identifies leads, and the structure-activity data obtained for the ensemble of 

candidate hits provides a rich resource of information to inform lead optimization, either by 

human and in silico-aided rational design, or by the construction of next-generation surface 

display libraries. 

The PROcisionXTM platform (summarized in Figure 2) can be used to complete a discovery 

campaign within only 6-12 months, yielding optimized leads ready for preclinical validation. 

Hence PROcisionXTM is one of the fastest discovery platforms in industry, and one that is 

uniquely capable of generating drug candidates with optimal molecular pharmacological 

properties for targeting small protein GPCRs. 

  
Figure 2: Workflow in OrionΩǎ PROcisionXTM platform. 


