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Schizophrenia 

•  Affects 0.5-1% of the 
world population 

•  Unknown etiology 
•  Strong genetic 

component 
•  Need for novel 

treatments 



Genetic Risk Factors 
Disrupted in Schizophrenia 1 (DISC1) 
- Scaffolding protein 
- Interacts with >100 macromolecules 
- Mediates brain development  

Glycogen Synthase Kinase 3β 
(GSK3β) 
-Serine/threonine kinase 
-Implicated as causal mediator  
-Central player in the wnt-
signaling pathway 



DISC1 Directly Inhibits GSK3β 

  GSK3b	



  DISC1	



Overall interaction 
  not understood 

Mao et al. Cell, 
2009. 



Why map the DISC1/GSK3β 
Interaction? 

•  Lithium inhibits GSK3B in a similar fashion 
to DISC1 

•  Existing probes for GSK3B inhibition 
unsatisfactory in drug development 

•  Need to explore novel modes of GSK3B 
inhibition 

•  Understanding how DISC1 inhibits GSK3B 
is a good start 



Previous Findings 

•  Studies in mice discovered 44-mer peptide 
region (mD1) in DISC1 responsible for 
binding to and inhibiting GSK3β 

•  Pinpointed 15-mer (mD2) within 44-mer 
responsible for interaction  

•  Despite known inhibitory ability, nothing 
known about mode of action 

Mao et al. Cell, 
2009. 



Main Question 

•  How does mD2 bind to and inhibit 
GSK3B? It it ATP competitive? Competing 
with known substrates? Or is it 
noncompetitive? 



Experimental Approach 
•  Test mD2 against known GSK3β inhibitors to 

compare mode of binding 

Known GSK3B probes: 
1.  L803-mts – substrate competitive peptide 

                    inhibitor 
2.  CHIRON – ATP competitive small molecule 

                  inhibitor 
3.  FRATtide – substrate competitive peptide 

                   inhibitor 



 Noncompetitive vs. Competitive 
        Binding 



 Application of Surface Plasmon 
Resonance (SPR) to Characterize  
 DISC1 Peptides 

Biacore Sensor Chip	



Calculation of Theoretical Rmax 

 =         MW Analyte* RU Ligand 
                  MW Ligand 

 Rmax is directly proportional to 
MW of Analyte/Ligand complex. 



 Application of Surface Plasmon 
Resonance (SPR) to Characterize  
 DISC1 Peptides 

Biacore Sensor Chip	



 Rmax is directly proportional to 
MW of Analyte/Ligand complex. 

L803-mts (positive control for GSK3B 
binding)  
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Model for Studying Competitive 
Binding via SPR Analysis 

 As concentration 
of ATP increases 
(0 – 50 µM) 
curves begin to 
look like  
 those of ATP 
alone.  

•  Binding kinetics  
  differ from inhibitor        
(slow on/off) to 
  ATP (fast on/off)  

•  No additive effect 
 on overall binding    
level when inhibitor 
 and ATP are used in 
the same injection. 

 (Nordin et al. Anal. Biochem. 2005)  



Sensorgram of FRATtide binding to 
GSK3β 

 

FRATtide at 25 µM 
•  MW = 4534 Da 



Sensorgram of mD2 Binding to 
GSK3β 

 

mD2 at 50 µM 
•  MW =1582 Da	





Future Directions  

•  Utilize the novel inhibitory ability of mD2 to create   
  new chemical probes specific to GSK3β. 
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