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Tallini et al. PNAS 103, 2006, 4753. 

Using GCaMP to image calcium transients in the cardiac myocytes of 
a live transgenic mouse 



Data Collection 
Crystal GCaMP2 
Data Set Native 
Space Group C2 
Unit Cell Dimensions 
a (Å) 129.0 
b (Å) 47.4 
c (Å) 68.7 
β (°) 99.7 
Beam Line APS 31-ID 
Temperature (K) 100 
Wavelength (Å) 0.9793 
Resolution Range (Å) 30-1.8 
Completeness (%) 98.5 (97.6) 
Redundancy 7.5 (7.6) 
I / σ(I) 18.8 (5.1) 
Rsym (%) 7.0 (46.8) 

Refinement 
Rcryst (Rfree) (%) 18.9 (24.1) 
Resolution Range (Å) 20-1.7 

Ca2+‐GCaMP2 

•  Ca2+‐bound GCaMP2 

•  C2, 1 GCaMP2 sensor per ASU 

•  Solved by molecular replacement 

•  Refined at 1.8 Å 

Rwork = 18.9%  
Rfree = 24.1%  

Numbers in parentheses are for the highest resolution shell data. 

Rodríguez Guilbe, M. M., Alfaro Malavé, E. C., Akerboom, J., Marvin, J. S., Looger, L. L., Schreiter, E. R. (2008) Acta Crystallogr Sect F 64, 629‐631. 



Ca2+‐GCaMP2 



Ca2+-GCaMP2 structure 
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Ca2+-GCaMP2 dimer structure 



•  Designed a panel of mutations to selectively disrupt dimerization 

•  Mutations introduce steric or electrostatic repulsion at domain interfaces 

Mutations to increase GCaMP2 monomer:dimer ratio.   



•  Ca2+‐bound GCaMP2 monomer and two mutants 

• 1 GCaMP2 sensor per ASU in each 

•  Solved by molecular replacement 

•  Refined at 2.0 Å (K378W mutant) 



Ca2+-GCaMP2 monomer structure 
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Ca2+-GCaMP2 monomer structure 

90° 



Data Collection 
Crystal 8EF-apo 
Space Group C2 
Unit Cell Dimensions 
a (Å) 211.9 
b (Å) 47.7 
c (Å) 43.0 
β (°) 97.6 
Beam Line APS 31-ID 
Temperature (K) 100 
Wavelength (Å) 0.9793 
Resolution Range (Å) 31.9-2.8 
Completeness (%) 98.9 (98.6) 
Redundancy 7.1 (7.1) 
I / σ(I) 15.4 (3.2) 
Rsym (%) 15.4 (61.7) 

Refinement 
Rcryst (Rfree) (%) 21.0 (28.3) 
Resolution Range (Å) 30-2.8 

Ca2+‐free GCaMP2 (8EF mutant) 

•  Ca2+‐free GCaMP2 8EF 

•  C2, 1 GCaMP2 sensor per ASU 

•  Solved by molecular replacement 

•  Refined at 2.8 Å 

Rwork = 21.0%  
Rfree = 28.3%  

Numbers in parentheses are for the highest resolution shell data. 



Ca2+-free GCaMP2 (8EF mutant) 
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Design improvements? 









movies 



       Watch out As high as 160‐fold now!!! 



Interesting design hit 



Joe Jardine / Florian 



Joe Jardine / Florian 



Shibire (dynamin 
GTPase domain) 

G268D 
(97o, 162o) 

G141S 
(‐162o, ‐111o) 

Existing. Tm ~ 30oC. Good except for aggression, courtship 
(or tetramer?) 



ERG K channel 

disulfide 
bond 

E490K: 
electrostatics 

Existing. Tm ~ 38.5oC. Way too high… 



•  Literature ts mutants are dominant‐negative 
as well. 

•  Almost all of these proteins are multimeric 

•  Known ts mutations cluster at interfaces 

•  Many ts alleles do not yield ts proteins‐ they 
undercover an underlying T dependence of 
the pathway. Lots of stop codons, frameshifts, 
etc. 

•  Design works great! Can do all transitions, 
multiple mutations, etc. Can get range of Tm’s 

•  Chemical mutagenesis now recovers known 
alleles almost exclusively 



More movies 



Head cleaning defective lines 

control  A196  R24C04 

R10E11  R12C03 

R16F09 R23H11 

R26D03 R10B03 

R27E08  R21D04 

R9F07 



Map behavior ‐> neurons 



Automated assignment of SNP function ‐> 
correlate with QTLs / disease 



SNPs? 



SNPs? 



Amino acid changes 



‐> “Δ function” annotation 



Receptor design 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Redesigning Stereochemical 
Complementariry  



Bigger, faster, stronger 

“protein X” 

“ligand A”  “ligand B” 

Co‐crystal structure 
Biacore: low nM 
In vivo efficacy 
Took comp. + dir. evolution 

Please, please, please confidential 



What did I learn? 
•  Computation + screen/select = win 
•  You get what you design / screen for: test things 
multiple ways, don’t get fancy 

•  Think how your protein will be used; don’t be 
surprised if performance differs between pure 
protein & actual deployment 

•  Proteins need to have >5 different things 
simultaneously work, hard to tell program what 
to optimize 

•  Choose smart problems 
•  Always test things that shouldn’t work too 
•  Learn to accept that computation will never 
capture some aspects 



1: Robetta doesn’t work 

•  Structure solved ‐> model not good 
•  Model unusable ‐> made own 

•  Still running ‐> solved structure by self 
•  “ (~600 days left I think) 



2: We need a “CARPE DIEM” 

•  Centralized fabrication & testing 
•  High‐throughput assays 
•  Can’t pre‐test submissions 

•  Feedback ‐> iterate designs? 
•  Conference 



3: The ROSETTA community needs 
more organization 

•  Lots of potentially duplicated effort 
•  Please industry folks, or there may not be 
more RosettaCon’s. 

•  Plan for future: 
– Parser? 
– PyRosetta? 
– PyMOL? 
– FoldIt? 
– Other? 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