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Conclusion 

Concise statement of the findings, indicating future research directions. 

 Extents of H/DX are less for helices of N terminus than for loops. 

 Residue-level H/DX of FL proteins shows flexible C-terminal domain of 
ApoE4 MM, a possible rigid helix could present in region 249-262 

 Residue-level H/DX indicates 15 residues in C-terminal region of wild-type 
ApoE4 have significantly reduced deuterium uptake than those of 
monomeric mutant, consistent with self-aggregation involving 
V232,K233,Q235,E238,V239, R240, A241,L243,Q246,S263,W264 (R264 
in monomeric mutant), F265,L268, E270,and L279 (Q279 in monomeric 
mutant) 
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Overview 

Purpose: 

To elucidate the regions of Apo E4 lipoprotein responsible for oligomerization by 
comparing the wild-type protein (WT) and monomeric-mutant (MM) (F257A; 
W264R; L279Q; V287E), using H/D amide exchange (H/DX) coupled with 
Electron-Transfer Dissociation (ETD) mass spectrometry. 

Results:  

ApoE’s C-terminal domains have significant differences in solvent accessibility 
between WT and MM, as revealed by high resolution H/DX (peptide level).  
Results convincingly establish potential of HDX to reveal oligomer interfaces.  

Residue-level H/DX (by ETD) further refines differences to 15 residues in  
C-terminal domain (230-243; 262-270)  

 

Introduction 

Apolipoprotein E, a 34 kDa protein, plays a key role in triglyceride and cholesterol 
metabolism1,2. Of the three common isoforms only ApoE4 is a risk factor for 
Alzheimer’s disease. All three isoforms of wild-type ApoE self-associate to form 
oligomers, a process that may have functional consequences. Although the  
C-terminal domain, residues 216-299, of ApoE is believed to mediate self-
association, the specific residues involved in this process are not known.  

We use H/DX coupled with enzymatic digestion to identify those regions in the 
sequence of full-length ApoE involved in oligomerization. We compare the results 
of H/DX of the wild-type proteins and those of monomeric forms obtained by 
modifying four residues in the c-terminal domain. The three wild-type and mutant 
isoforms show similar structures based on the similar H/DX kinetics and extents of 
exchange. Regions of the C-terminus (residues 230-270) of the ApoE isoforms 
show significant difference of deuterium uptake between oligomeric and 
monomeric forms, confirming that oligomerization occurs at these regions.  

To achieve single amino acid resolution, we examined the extends of the H/DX by 
using electron-transfer dissociation (ETD) fragmentation of the peptides 
representing selected regions of both the monomeric and the oligomeric forms of 
ApoE4. From these experiments, we could identify the specific residues involved 
in ApoE oligomerization. In addition, our results verify that that ApoE4 is 
composed of a  compact structure at its N-terminal domain. Regions of C-terminal 
domain, however, appear to lack defined structure.  

Methods  
Materials 

ApoE2, 3 and 4 expressed in E.coli (Carl Frieden lab).  Other chemicals were 
from Sigma-Aldrich (St. Louis, MO).  

H/D Exchange 

H/DX of ApoEs was initiated by 10 fold dilution in D2O buffer containing 10 mM 
HEPES and 150 mM KCl, pH 7.4, for various times followed by quenching with  
1 M HCl at pH 2.5.  

Peptide-level H/DX was achieved by on-line pepsin digestion at  0 oC, for 3 min 
after quenching the exchange by adding strong acid. The peptide mixture was  
separated with C-18 analytical column and 8 min LC gradient. 

Residue-level H/DX was achieved by ETD fragmentation of peptides of interest. 
The ESI conditions were established and controlled to achieve low-level hydrogen 
scrambling.    

Mass Spectrometry 

Peptide-level H/DX experiments were conducted with a Bruker maXisTM Q-TOF, 
operated in positive-ion ESI mode, interfaced to Waters nanoACQUITY UPLC®. 

Residue-level H/DX experiments were conducted with Thermo Scientific LTQ 
Orbitrap XL hybrid ion trap-Orbitrap mass spectrometer equipped with ETD, 
interfaced to a Thermo Scientific Dionex Ultimate 3000 RSLCnano UHPLC. The 
fluoranthene radical anion was used to achieve ETD.  

Data Analysis 

The centroid and width of the deuterium containing isotopic distribution for each 
peptide was analyzed using  HX-Express software.3  For H/DX-ETD, the centroid 
of the deuterium-containing isotopic distribution for each product ion was obtained 
through MagTran 1.03 (Amgen, Thousand Oaks, CA)  

FIGURE 3. Minimizing gas-phase H/D scrambling 

FIGURE 6. H/DX at residue level of full-length ApoE4MM FIGURE 4. Residue-level H/DX Results  
 

FIGURE 1. Peptide-level H/DX of ApoE4 

Only significant differences 

at C terminus (230-279) 

FIGURE 2. Rates of H/DX: ApoE WT oligomers 

Kinetic Fit # of H's per fixed-rate bin 

Peptide 230-

243 

k rate 

const 

(min-1) 
10 1 0.1 

WT 

ApoE2  0 ± 0 2 ± 1 8 ± 1 

ApoE3 0 ± 0 3 ± 1 7 ± 1 

ApoE4 1 ± 0 1 ± 0 8 ± 1 

MM 

ApoE2  9 ± 1 0 ± 0 0 ± 0 

ApoE3 10 ± 
1 0 ± 0 0 ± 0 

ApoE4 10 ± 
1 0 ± 0 0 ± 0 

Peptide 262-

270 

k rate 

const 

( min-1 ) 
10 1 0.1 

WT 

ApoE2  1 ± 0 0 ± 0 2 ± 0 

ApoE3 0 ± 0 1 ± 0 3 ± 1 

ApoE4 1 ± 0 1 ± 0 2 ± 1 

MM 

ApoE2  4 ± 1 0 ± 0 0 ± 0 

ApoE3 4 ± 1 0 ± 0 0 ± 0 

ApoE4 4 ± 1 0 ± 0 0 ± 0 

The exchange rate constant of 0.1/min (1.6 x 10-3/s) agrees with overall dissociation rate of  

tetramerdimermonomer(4), indicating HDX occurs upon oligomer dissociation. 

Test peptide identifies 
minimal scrambling at 
low T and ESI 
voltages(5) 

Peptide 262-270 

Figure 5. H/DX at residue level of C-terminal ApoE4  

Deuterium back exchange was corrected by: D1min/D24h  
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