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G Protein-Coupled Receptors (GPCRs) Super Family 

Many Top-Selling Drugs Hit GPCRs  

 Most important family of drug targets in industry 

 800 GPCRs including ~400 olfactory 

 225 with known ligands, 150 ‘orphan’ receptors 

 Compelling biology across wide range of diseases 

 Many valuable yet challenging targets still untapped 
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Heptares Therapeutics 

 Exceptional pipeline of new medicines targeting G protein-coupled receptors 

 Multiple Phase 1 & Phase 2 clinical programs reporting data during 2014-16 

 Indications: Alzheimer’s, Schizophrenia, Diabetes, ADHD, Chronic Migraine 

 Leading structure- and fragment-based GPCR discovery platform 

 Proprietary StaR® technology enables small molecule & biologics discovery 

 Deals include: AstraZeneca, MedImmune, Cubist, MorphoSys, Takeda 

 Experienced team in UK (>70 staff) and USA / Boston 
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Heptares Technology Platform 

Adenosine A2A 

Antagonist for 

Neurology 

 

GPCR Structure Determination 

Landmark structure reveals new 

drug binding site in Family B GPCRs  

GPCR Fragment-Based Design 

FBDD of mGlu modulator; sub-

nanomolar affinity with superior PK 

Controlling Receptor Kinetics  

Drug kinetics by StaR® using SPR 

related to X-ray crystal structures 

Functional or blocking mAbs 

generated using StaR® antigens 

Stabilised Receptor (StaR®) 

Increased stability  

Antigens for mAb Discovery 

Validated 

pharmacology 
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Iterative 
process for 

making StaRs 

StaR approach delivers stabilised GPCRs 

Pharmacology Correlates with  

StaR Conformation 

A2A 
inactive 

StaR  
 

→ folded   
       protein  
→ crystals 

5 



Non-Confidential 
© 2014 Heptares Therapeutics 

New X-Ray Structures Highlight the Complexity of GPCRs 

F 

A 

C 

B 
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GRID C1= hot-spot (hydrophobic) 

GRID OH2 hot-spot (hydrophilic) 

GRID C3 pocket shape 

7 

GPCR Structures  Druggability  SBDD 

New insights from structural biology into the druggability of G protein-coupled receptors. Mason, Bortolato, Congreve, Marshall. Trends Pharmacol Sci. 2012;33(5):249-60.  

D3 CXCR4 

A2A 
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Tehan et al. Pharmacol Ther. 2014 S0163-7258(14)00032-1 

I3.40 

I6.40 

F6.44 

L3.43 

GPCR Structures  Dynamics  Function 

Family A GPCR Hydrophobic 

Core and Activation 
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Family A Hydrophobic Core Affects Water Channel 

b2 AR 

Rhodopsin 

F6.44 

I3.43 

I6.40 

H2O 

F6.44 

I3.43 

M6.40 

H2O 

b2 AR 

Rhodopsin 
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TM6 

TM5 TM7 

TM4 TM3 

N747 

S805 

S809 

T781 

Y659 

Q704 

Vary 3-methyl : Methoxy >       Chloro         > Fluoro   
        (DFB)              NAM     > neutral binder >   PAM 
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mGlu5 bound to mavoglurant at 2.6Å resolution 

Doré AS et al. Nature. 2014;511(7511):557-62. 
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Extending To Family B and F GPCRs 

Bortolato et al. BJP 2014, 171(13):3132-45. 

CRF1 SMO B2ADR 

Hydrophobic 

Core common 

feature across 

subfamilies 
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Understanding Ligand Binding Kinetics 

12 

Transition state key for kinetics evaluation: 

 kon TS: 
– Desolvation of ligand 

– Desolvation of the pocket 

koff TS: 

– Breaking of the protein-ligand interactions 

– Solvation of ligand 

– Solvation of the pocket 

 

 

Computation protocol using one python script:  
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2.1 
2.0 

1.9 

1.7 1.9 

2.3 

1.8 

OH2 energy  = -10.1 kcal/mol 

CRY energy  = -2.9 kcal/mol 

OH2 energy  = -12.8 kcal/mol 

CRY energy  = -2.0 kcal/mol 

OH2 energy  = -12.3 kcal/mol 

CRY energy  = -1.5 kcal/mol 

 

pKi=6.9 

t= ~0s 

 

pKi=8.4 

t= 735s 

 

pKi=8.1 

t= 87s 

OH2/CRY energy  = -4.3 kcal/mol 

 

OH2/CRY energy  = -8.8 kcal/mol 

 

OH2/CRY energy  = -9.3 kcal/mol 

 

Water Network Perturbation 

Bortolato et al. JCIM 2013, 1700-13 
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ChromaDepth glasses 

put on 

your 

now 

Please fold with writing inside & leave 

on stage at end - Thank you! 

Please 
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Binding of the Heptares 
triazine antagonist to the A2A 

receptor 
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The caffeine binding pocket in the A2A receptor 
A Neutral antagonist 

Lipophilic hotspots 
 in yellow 



Non-Confidential 17 

A2A receptor bound to the inverse agonist - ZM241385  

Lipophilic hotspots 
 in yellow 
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Overlay of ligands bound to the A2A receptor 
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X-ray structure of 
mavoglurant bound to 

mGlu5 
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Family A 
–β1 AR fragment 

Family C 
–mGlu5/mavoglurant 

Family B 
–CRF1 antag 
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