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What have I studied and why 
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Oligomerisation of liraglutide 
Å Formulation stability 
Á Increased shelf-life 
Á Decreased aggregation propensity 

 
Binding interactions of GLP-1 and liraglutide to GLP-1R (preliminary 
results) 
Å Identification of important residues for binding 
Á Development of other drug candidates 
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Several positive effects is associated with GLP-1 binding to GLP-1R: 
Å Insulin   and Glucose   (type 2 diabetes mellitus) 
Å Satiety   and Gastric emptying   (obesity) 

Introduction 

GLP-1 
ÅL-cells in large intestine and ileum 
ÅSecreted in response to nutrients 

GLP-1R 
ÅPancreatic -̡cells 
ÅActivated by GLP-1 binding 
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General structure of GLP-1 and its receptor 

GLP-1 
Å30/31 amino acid residues 
ÅGLP-1(7-36)NH2 most abundant 

GLP-1R 
Å463 amino acid residues 
ÅClass B family GPCR member 
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GLP-1 as drug candidate? 
Limitation of GLP-1 
ÅHalf-life is only a few minutes 
ÁRenal clearance 
ÁDipeptidyl-peptidase IV 

degradation at Glu9 
 
Solution: Analogues 
ÅLiraglutide 
ÁAttached C-16 FA chain 
ÁLys34Arg mutation 
ÁIncreased half-life to 13-14 hours 

24/08/2015 7 DTU Chemistry, Technical University of Denmark 

C-Ŭ 



FA chain causes 

Issue to be investigated 
ÅOligomerisation 
ÁSize and structure? 

Analysis method used 
ÅWe have investigated the 

oligomerisation of liraglutide 
using MALS and SAXS 
experiments and MD simulations 
ÅWe have investigated the binding 

of liraglutide and GLP-1 using 
MD simulations 

24/08/2015 

Å Increased binding affinity 
Á Role of FA chain and 

important binding residues? 
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Used for setup: 
ÅExperiments 
ÅHexa- to octamers  
ÅElliptical cylinder 
ÅRadius of 20 Å 

ÅFA orientation 
ÅFA paired (FA-FA 

interactions)  
ÅFA out (FA-HSA 

interactions) 
ÅC/N-terminal interactions 
ÅMonomers flipped upside 

down 
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RMSD ® Overall stability of oligomers  

ÅAll structures besides AA6_FAout, 
AA7_FAout, and the Octamer 
converge 
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2d plots ® Monomer movement 

Scenarios: 
ÅFlattens: AA6_3ud (and other 

structures) 
ÅMigrating monomer: Octamer 
ÅStable and dense: Heptamer 
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Energy ® FA interaction and stability 

ÅPaired FA chains stabilise the oligomeric structure 
ÅStructures are very mobile 
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Theoretical SAXS curves ® Fit with experiment 

ÅThe ɢ2 value of the octamer and 
AA6_3ud increase through the 
simulation 
ÅThe hexamer and heptamer have 

stable ɢ2 value throughout the 
simulation 

ÅNone of the structures capture 
the exact overall shape and size 
seen for liraglutide 
ÅThe structures does however 

present a relatively good fit  
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Conclusion ® Part 1 

All structures are ranked from 1 (best) to 11 (worst) in each category 
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GLP-1R interactions 
The FA chain affects binding to the GLP-1R ® MD simulations have been 
performed to study this: 
ÅMonomer interaction with GLP-1R 
ÁHeptamer is too large for binding site 

ÅInactivating I shape of peptide and activating L shape 
ÅBoth GLP-1 and liraglutide for comparison 
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I shape L shape 
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7TM 
ECLs 
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GLP-1R interactions 
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ÁOnly two interaction in common for the two models 
ÁHomology model based on 3IOL reports no common interactions 

This indicates that the models are insufficient 

Å Interactions based on two homology models and 3IOL (PDB id) 
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