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Biophysics and Therapeutic Proteins 

 Top Down of protein complexes, 

antibodies, by native spray, ECD, 

and other activation methods 

 Ion mobility 

 Protein Footprinting:  HDX 

(PLIMSTEX), FPOP, GEE labeling 

 

http://www.nih.gov/


ECD of Protein Assemblies and Antibodies 

 



Native MS of ADH tetramer 



FMO antenna protein complexes 



Native MS and Top-down of FMO 
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Structure of Human Hemoglobin Tetramer 

ECD of Heterogeneous Protein Complexes 



ECD cleavage sites on chain α 

IS 100V&ECD 

 

Chain α : 
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B factors 



ECD cleavage sites on chain β 

IS100V&ECD 

 

Chain β : 

 

VHLTPEEKSA

VTALWGKVNV

DEVGGEALGR

LLVVYPWTQR

FFESFGDLST

PDAVMGNPKV

KAHGKKVLGA

FSDGLAHLDN

LKGTFATLSE

LHCDKLHVDP

ENFRLLGNVL

VCVLAHHFGK

EFTPPVQAAY

QKVVAGVANA

LAHKYH 

B factors 



B-factor view of chain α and β 

How about B-factor? 

Chain α shown in B-factor scale 
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Chain β shown in B-factor scale 
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ECD fragments antibody. . .  



Orange carotenoid protein (OCP) 

 What we know: 
 In dark, OCP & OCPo not attached to phycobilisome (PB).  

 With blue-green light, OCPo  OCPr. OCPr binds to APC trimer at PB core. 

 PB protein and chromophore that interact with the OCPr not identified. 

 Trimeric FRP binds to the N-terminal assists OCPr   OCPo 

Photosynthesis system in Cyanobacteria 

Putative Dimer of OCP 



Native MS of OCP 
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Native MS of OCP 

Monomer Dimer 



Native MS and IM of OCP monomer 



Native MS and IM of OCP dimer 



MS-based protein footprinting 

v v 

Proteolytic Digestion 

v 

LC-MS  

Calculating of Modification Extent 

Locating Modified Site 

Protein Labeled Protein 



MS-based protein footprinting 

v v 

Proteolytic Digestion 
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Calculating of Modification Extent 

Locating Modified Site 

Protein Labeled Protein 

Light Labeling 

Heavy Labeling 



Carboxyl-Group Labeling (GEE) 
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Carboxyl-Group Labeling (i-GEE) 

N
H

N
H

R

O

R

O

O

OH O

O
NH

2

O N
H

N
H

R

O

R

O

O

ONH

OH

O

N
H

N
H

R

O

R

O

O

ONH

O

O

Light    57.0214 Da 

Heavy  60.0251Da 

N C N

N

Light   85.0527 Da 

Heavy   88.0564 Da 



Experimental Design 
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Protein footprinting results (GEE) 

0

0.006

0.012

0.018

0 30 60 90 120

Peptide2-9 

0

0.003

0.006

0.009

0 30 60 90 120

Peptide10-27 

0

0.04

0.08

0.12

0 30 60 90 120

Peptide28-49 

Dark  

Pulsed light  

Continuous light  

M
o

d
if

ic
a

ti
o

n
 E

x
te

n
t 

 

Reaction Time (min)  



Protein footprinting results (GEE) 
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Protein footprinting results (GEE) 
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Protein footprinting results (GEE) 

0

0.1

0.2

0.3

0.4

0 30 60 90 120

Peptide 255-268 

0

0.01

0.02

0.03

0.04

0.05

0 30 60 90 120

Peptide 290-297 

0

0.002

0.004

0.006

0.008

0 30 60 90 120

Peptide 311-317 

Dark  

Pulsed light  

Continuous light  

M
o

d
if

ic
a

ti
o

n
 E

x
te

n
t 

 

Reaction Time (min)  



Locating the region involved in 

conformational changes 
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First application of GEE Footprinting 

Model I Model II 

Chlorosome 

FMO 

Reaction  

Center 

Chlorosome 

Reaction  

Center 

Reaction  

Center 

Reaction  

Center 

Gross, Blankenship, PNAS, 2009 



Hydroxyl and other Radical Footprinting:  

Fast Photochemical Oxidation of Proteins 

(FPOP) 

O H O H 
248nm 

O H 2 

Another approach to footprinting 

Solvent Flow 

Diffusion 

barrier 
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for sample 

collection 



FPOP set up: 

150 m Tube 



Example Modification of a Protein 

Dm = 15.9949 
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 EGFR O%

EGFR-Ad O%

Epidermal Growth Factor-Therapeutic 

Protein Binding Interface:  Peptide level 

Bound vs. free EGFR 

31 
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Anal. Chem., 2011, 7657 







Summary:  Native Spray, ECD, IM, Footprinting 

 ECD fragments protein assemblies (and antibodies) in 

flexible regions rather than dissociating to constituent 

proteins. 

 Native MSProvides count of  number of pigment molecules in 

antenna and PS reaction-center complexes. 

 Native MS admits protein assemblies to gas phase.  OCP 

accommodates excess light by dimer dissociation. 

 Footprinting determines interface and mechanism for 

monomer-dimer equilibrium in OCP 

 Footprinting maps epitopes in antibody and antibody similar 

interactions with antigens 


