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Background

• Structural genomics problem

 Total number of open reading frames (ORP) : 2-3 million

 Total number of solved protein structures: 51,535 ( ~5000 nr) o u be o so ved p o e s uc u es 5 ,535 ( 5000 )

million     vs      thousand    !
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Homology modeling

Computer modeling
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Strategy

Rosetta Footprinting

Structure prediction via ab initio 
modeling algorithm 

Provides protein surface 
accessibility information 

Schematics of Synchrotron Footprinting
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Strategy

Rosetta Footprinting

Structure prediction via ab initio 
modeling algorithm 

Provides protein surface 
accessibility information 

Rosetta + Footprinting

Guide dog

Increased speed/accuracy via elimination of invalid ab initio models

• Ubiquitin, small protein test case 
(76 aa)

Proof-of-Concept Study

• Rosetta models (71 aa) generated 
with FP (blue) or without FP 
(green) data

• Very accurate backbone prediction 
from Rosetta (~1 Å rmsd) with FP

• Five models from with FP or 
without FP selected, each with 
minimal energy scores

• Successful MR with all five with FP
models 

• All five without FP models failed 
MR

X-axis: C rmsd compared to Ubiquitin xtal structure
Y-axis: energy score
Red: Minimized crystal structure
Blue: Rosetta models with incorporation of FP data
Green: Control models with default Rosetta setting
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Rosetta/FP of PSI targets

 Selected from the target pool with crystal structure and with coordinates deposited in PDB during 

July 2006 June 2007

Type I: 15 + 9 targets

PSI: protein structural initiative targets-typically single domain proteins ~200 aa 

July 2006 - June 2007. 

 For calibration and testing purpose in the modeling/FP method development.

 Initially chosen from the target pool with diffraction data but not phased (no structure deposited in 

PDB). 

 The model will be generated by ab initio modeling technique with incorporation of FP data and 

will be used as template for molecular replacement to solve the crystal structure.

Type II: 1+7 targets

will be used as template for molecular replacement to solve the crystal structure. 

Type III: not selected yet.

Will be selected from target pool with no diffraction crystals to generate accurate ab initio model 
for the targets. 

 Type III targets will be selected when the modeling/FP method is well developed and tested with 
Type I targets and proven to be successful with the Type II targets.

Expression and purification 
of recombinant PSI protein

StabilityConcentration

Bradford assay Precipitation?

Biochemical/Biophysical Analysis 
for Optimal Target Selection

of recombinant PSI protein
y p

Purity

MS analysis of

whole protein

#7

SDS-PAGE

#1

MALDI

&

M ass reconstruction of +TOF MS: 84 MCA scans from xjno6_2.wiff Max. 1.2e4 cps.
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Expected mass:16421 Da

Observed mass:16421 Da

M= 0Da

Buffer? Oligomerization?

Native gel

 targets were selected based on 
stability and oligomeric state

 2-10 μM concentration range is fine

Exposure
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FP data of  10097c
Residues Peptides

7-20 RAAIIIDDFGGDVK
0

21-45 GVDDFLTGEIPVTVAVM P F#    L# E#STK
2.16 38.62  78.01  71.36   153.57

46-66 QAEIAQAAGLEVIVHMPLEPK
0

68-88 GKISWLGPSGITSNLSVGEVK

Hypothetical protein BH1492

From Bacillus Halodurans

247 AA, 27163 Da, cleaved

Sequence coverage (trypsin digestion): 95% 

83.07

70-90 ISWLGPSGITSNLSVGEVKSR
83.07   

91-111 VRKAFDDIPYAVGLNNHMGSK
16.31 118.80                 88.35

112-120 IVENE KI M R
87.96 0.09

121-129 AIL EVVKEK
0.00 43.44 91.13

128-158& EKNAFIIDSGTS P HSLI P QLAEELEV  P    Y  ATR
15.29             103.36 44.79 61.72    62.22 

159 170 SIFLDNTHSSRK159-170 SIFLDNTHSSRK
70.26 

159-174 SIFLDNTHSSRKEVIK
70.26    

183-198 AKQGSEPIGIGHVGVR
5.57 53.01

183-207 AKQGSEPIGIGHVGVRGDETYAGIR
5.57 53.01  17.78

208-237 SMLDEFQAESIQLVPVSQLLPSPIEEDHNK
3.68 2.64

238-247 FWQQPFQAKE

PDB ID: 2NLY

 There are sequence variations between 10097c and 2NLY near this Met residue; # Oxidation was identified at either F, L or E, but hard to specify.

Footprinting data of PSI targets

PDB ID: 3BQS PDB ID: 2QUP PDB ID: 2NLY

PDB ID: 2QYZ PDB ID: 2OO2
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Summary

• Footprinting probes are well distributed along all PSI protein sequences. 

They provide information that is valuable to define exposed surface 

(modified residues) and buried hydrophobic core (unmodified reactive(modified residues) and buried hydrophobic core (unmodified reactive 

residues) of target proteins.

• For type I structure solved targets, their side chain solvent accessibility 

information provided by our footprinting methods was very consistent with 

the SASA values calculated on X-ray structures.

I ti l b i l f ti id d ibilit f ti• In particular burial of reactive residue and accessibility of un-reactive 

residue are predictions that can be made most confidently (Met vs Leu).

•Open question as to what level of error in data is optimal for Rosetta 

predictions.

Example
• NYSGXRC target 10200c,  hypothetical 

protein AF1782 from Archaeoglobus fulgidus

• Rosetta model (red)

Prospects

Rosetta model (red)

• Molecular replacement using default Rosetta
model was successful

Future
• Incorporation of footprinting data to improve 

the accuracy of MR search model

• Solve structure of type II targets

• High-throughput MR server (Phaser) is now 
available at UCSF to test 100-500 models for 
each study 

• 10063a
Red: Rosetta model
Blue: PDB structure (2oo2)
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