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Abstract: 
Recent evidences reveal the controlled intramembrane proteolysis of the C-terminal fragment of amyloid precursor-protein 

(APP) by gamma-secretases, yielding an additional 57 residue peptide fragment called APP intracellular domain (AICD). This 

AICD is known to interact with cytoplasmic and neuronal proteins, and trigger AD pathology. Appreciating the fact that, the key 

motifs in the c-terminal residues of AICD exhibit strong binding preferences, our study focuses on deciphering the modes of 

interactions with 16 select cytoplasmic and neuronal proteins via in silico methods. The results suggest that key residues of the 

AICD belonging to the YENTPY motif interact with most of the 16 functionally important neuronal proteins. Docking studies 

indicate that the proteins such as Lamin2, GRP78, ABAD, TOM20, TOM70, NUDC, HSPA8, TOG and neuroserpin interact very 

strongly with the AICD fragment. These computational results provide vital insights into the binding patterns of AICD with these 

crucial neuronal proteins, thus suggesting design and development of plausible inhibitors that could control the disease progression, 

neurodegeneration, and neuronal death, which are all potential hall marks of AD. 
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Introduction 
Alzheimer's disease (AD) is a progressive 

neurodegenerative disorder, occurring mostly in the age 

group greater than 65.(1) According to the World 

Alzheimer's Report 2015, the number of AD patients in 

India is an alarming 4.1 million, third only to China and 

USA. Pathological studies have revealed that AD brain 

comprises of 2 distinct proteins, the amyloid plaques 

formed by the proteolytic cleavage of Amyloid 

Precussor Protein (APP), and neurofibrillary tangles 

(NFTs) formed from tau protein, respectively.(2,3,4) The 

APP is proteolytically cleaved by different secretases via 

2 distinct pathways, the amyloidogenic and the non 

amyloidogenic, as depicted in Fig.1.(5) Recent 

investigations have reveal that, controlled 

intramembrane proteolysis of the C-terminal fragment of 

APP by gamma-secretases, yield an additional 57 amino 

acid residue peptide called APP intracellular domain 

(AICD).(6) This AICD is in turn cleaved by secretases 

(epselon cleavage) and caspase 3 into JCASP 

(VMLKKKQYTSIHHGVVEVD) and C31 
(AAVTPEERHLSKMQQNGYENPTYKFFEQMQN) 
fragments.(7) In spite of its small size and short half-

life,(8) AICD has become the focus of studies as it has 

been reported in brains of patients with Alzheimer’s 

disease (AD). In contrast to Aβ, the AICD is a 

physiological relevant protein domain, which modulates 

a diverse set of important APP functions including, 

trafficking and signal transduction.(9) 

The full length AICD is known to interact with other 

proteins of the signalling pathway and up regulate the 

expression/ activity of APP, BACE1, LRP1, p53, and 

GSK3β.(10,11) This sequence of events finally leads to 

enhanced Aβ generation, apoptosis, Ca2+ signalling, 

cytoskeletal dynamics and tau phosphorylation,(12) which 

all results in neuronal and mitochondrial death.(11) 

Interestingly, both AICD and C31 can translocate to the 

nucleus and lead to apoptosis.(9) Though AICD is playing 

roles in neuronal death, the key motifs in C31(the c-

terminal part of AICD) are known to be critical elements 

for triggering AD pathology.(13) The 757-YENPTY- 762 

sequence is known to be a consensus motif for clathrin-

mediated endocytosis and contains the consensus 

sequence for phosphotyrosine binding (PTB) domain 

interactions.(9) The other motif, 743-TPEE-746 is known 

to bind to other proteins aiding in translocation of the 

AICD into the nucleus.(9) It has been reported that the 

AICD binds to different intracellular binding partners 

('adaptor protein'), which regulate its stability and 

cellular localization.(8) The adaptor proteins form 

complexes with the AICD influencing the production of 

Aβ.(9) AICD and its various adaptor proteins like nuclear 

adaptor protein Fe65  and transcription factor forkhead 

box O (FOX O) are thought to take part in various 

cellular events, including regulation of gene 

transcription, apoptosis, calcium signalling, growth 

factor, and NF-κB pathway activation, as well as the 

production, trafficking, and processing of APP, and the 

modulation of cytoskeletal dynamics.(14-18) Hence, there 

is a need to evaluate the C31 fragment to decipher the 

modes of binding of the motifs with key neuronal and 

cytoplasmic proteins, as this information could enable 

development of ligands as plausible drug molecules 
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which could disrupt the interactions and dissuade the AD 

events.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Amyloidogenic and non-amyloidogenic pathways of APP. Amyloid precursor protein APP is a single 

pass transmembrane glycoprotein. APP may be cleaved by β−γ secretases (amyloidogenic) releasing amyloid 

Aβ peptide and AICD or by α−γ secretases (non-amyloidogenic) releasing AICD and P3.Thus formed AICD is 

instant cleaved by caspases yielding C31 and JCASP.(5) 

 

Materials and Method 
The protocol followed for the work is illustrated in Fig. 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Protocol for the studies 
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Based on the available literature, 16 cytoplasmic and neuronal proteins with diverse cellular functions were 

retrieved from Protein data bank (PDB).(19) The proteins were chosen looking at the location and its functional 

importance in neuronal cells. The functions of each of these proteins are indicated in Table 1. The PDB structure of 

the AICD fragment was retrieved from published sources.(20) Protein-peptide docking analysis was carried out using 

online tool Cluspro2.0.(21) The docking results were analysed using the visualization tool  Discovery Studio.(22) Poses 

were saved for each docking combination, and the amino acid interactions were tabulated. Hydrogen bonds were 

computed around 5Angstroms distances from the interacting peptide atoms. 

 

Table 1: Cellular locations of various proteins and their respective functions 
Sl. 

No 
Name of the protein Uniprot ID Location PDB ID Functions 

  Reference 

 

1. Lamin B2 Q03252 

Nucleus inner 

membrane, Lipid-

anchor, Nucleoplasmic 

side. 

2LLL 

 

 Component of nuclear lamina. 

Unpublished 

source 

2. 
HSP90 

 
P14625 

Endoplasmic reticulum 

lumen, Melanosome. 
4NH9 

Molecular chaperone with ATPase activity. 
24 

3. 
GRP78/HSPA5 

 
P11021 

Endoplasmic reticulum 
lumen, Melanosome, 

3IUC 
 

Facilitates multimeric protein complex assembly 
inside ER. 

25 

4. ABAD Q2L8D9 Cytoplasm. 1U7T 

ABAD is important for mitochondrial function, 
It facilitate the ketone body utilization by 

promoting the generation of acetyl coA to feed 

into TCA cycle an effect that is particularly 

important in situation of stress. 

26 

5. 
Cyclophilin D 

 
P30405 Mitochondria 2BIT 

Involved in regulation of the mitochondrial 

permeability transition pore (mPTP). 27 

6. 
TOM20 

 
Q62760 Mitochondrion matrix 3AX2 

Central component of the receptor complex 

responsible for the recognition & translocation 

of cytosolically synthesized mitochondrial pre-

proteins. 

28 

7. 
TOM70 

 
P07213 

Mitochondrion outer 

membrane 
2GW1 

Component of the TOM (translocase of outer 

membrane) receptor complex responsible for the 

recognition & translocation of cytosolically 

synthesized mitochondrial pre-proteins. 

29 

8. 

Structure of the 

human voltage-

dependent anion 

channel 

(VDAC-1) 

P21796 
Mitochondrion outer 

membrane 
2JK4 

Forms a channel through the mitochondrial outer 

membrane and also the plasma membrane. 
30 

9. 

Structure of Human 

Bcl-XL at 1.95 

Angstroms 

 

Q07817 
Mitochondrion outer 

membrane 
1R2D 

Potent inhibitor of cell death. Inhibits activation 

of caspases. Appears to regulate cell death by 

blocking the voltage-dependent anion channel 

(VDAC) by binding to it and preventing the 

release of the caspase activator, CYC1, from the 

mitochondrial membrane. Also acts as a 
regulator of G2 checkpoint and progression to 

cytokinesis during mitosis. 

31 

10. 
NPD011/NUDC 

 
Q9Y266 

Cytoplasm, 

Cytoskeleton, Nucleus. 

3QOR 

 

Neurogenesis & neuronal migration 
32 

11. 
APOA4 

 
P06727 

Mitochondrion inner 

membrane, Cytoplasm, 

Nucleus membrane 

3S84 

 

May have a role in VLDL secretion and 

catabolism 33 

12. 
HSPA8 

 
P11142 

Cytoplasm, 

Cytoskeleton, Nucleus. 
4H5R 

Molecular chaperone 
34 

13. 

Solution structure of a 

pro-apoptotic protein 

BAX 

 

Q05655 

Blood microparticle, 

Cytosol, Endoplasmic 

reticulum lumen 

4BD2 

Calcium-independent, phospholipid and 

diacylglycerol (DAG)-dependent 

serine/threonine-protein kinase that plays 
contrasting roles in cell death and cell survival 

by functioning as a pro-apoptotic protein during 

DNA damage-induced apoptosis, but acting as 

an anti-apoptotic protein during cytokine 

receptor-initiated cell death, is involved in tumor 

suppression as well as survival of several 

cancers. 

35 

14. 
Clip associating 

protein 1 

 

Q7Z460 

Cytoplasm, 

Melanosome, Nucleus, 
Nucleolus, Cell 

membrane 

4K92 
 

Microtubule plus-end tracking protein that 

promotes the stabilization of dynamic 
microtubules 

36 

15. Galectin-1 P09382 
Cytoplasm, Nucleus, 

Mitochondrion 
3T2T 

May regulate apoptosis cell proliferation and 

differentiation 
37 

16. Neuroserpin Q99574 Extracellular space 3F5N 

Involved in the formation or reorganization of 

synaptic connections as well as for synaptic 

plasticity in the adult nervous system. 

38 

http://www.uniprot.org/locations/SL-0086
http://www.uniprot.org/locations/SL-0090
http://www.uniprot.org/locations/SL-0191
http://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0005615
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Results and Discussions  
The overall strengths of interactions and the set of residue interactions are tabulated in Table 2. Our results reveal 

the interaction of AICD with neuronal and cytoplasmic proteins. The docking poses are shown in Fig. 2. The active 

site was found using the online server tool fpocket 2.0 (38). The AICD binds to the active site and surrounding residues 

of all 16 proteins. Common interacting partners were analysed and are tabulated in Table 2. The pharmacophore 

pattern revealed that the residues E758, N759, T761 and Y757 of the AICD interact with 5/16, 8/16, 10/16 and 12/16 

proteins respectively. Interestingly these residues form part of the YENPTY motif region in AICD (Table 3 and 4). It 

is also observed that, E745, R747, E766 and Q767 interact with 5/16, 7/16, 6/16, and 3/16 proteins respectively, 

indicating a common set of binding determinants across these 16 proteins.  

 

 
Fig. 3: AICD docking interactions with nuclear membrane and cytoplasmic neuronal protein 

 

Thus this infers that proteins Lamin2, GRP78, ABAD, TOM20, TOM70, NUDC, HSPA8, TOG and neuroserpin 

interact with the AICD fragment, as indicated by the strength/number of interactions (refer Table 2). With strong 

evidences from literature (24, 25, 27, 28, 31, 33, 35, 37) that these proteins are important in neuronal functions, and 

binding of AICD to these proteins may disrupt their normal functions escalating the AD pathogenesis, our results 

reveal the probable interface of binding of AICD with these neuronal proteins, which provide clues towards their roles 

in disruption of normal functions and pathways leading to the neuronal death. These evidences will also help us to 

design suitable inhibitors that could prevent the AICD from binding to these key proteins, and triggering AD. 
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Table 2: AICD peptide protein interface interacting amino acid residues and their respective hydrogen bond distances 
Proteins 

 
Lamin B2 

(Aa) 
HSP90Î² 

GRP78/H

SPA5 
ABAD 

Cyclophilin-

D 
TOM20 TOM70 VDAC1 

Human 

Bcl-XL 

NPD011

/ 

NUDC 

APOA4 HSPA8 
PROTEIN 

BAX 
TOG Galectin-1 Neuroserpin 

No of 

Interac

ting 

protein

s 

AICD 

Residues 

745 E  
R116 

(2.56) 

T247 

(3.20) 
  

Q67(4.02, 

4.02) 
    

L289 

(4.35) 

R322 

(3.85) 
    5 

747 R 
D475 

(2.93) 
  

R130 (3.10, 

3.10) 
 

Q102 

(3.22,3.24) 

D378 (3.10, 

2.86) 
  

E272 

(2.84) 
 

E318 (2.65), 

D315 (3.20) 
   

E278 (2.96, 

3.20,2.82) 
7 

748 H          
L178 

(3.21) 
     

E227 

(3.30) 
2 

752 M      
Q105 (3.17, 

3.66) 
      

Q32 (3.01), 

Q28 (3.35) 
   2 

753 Q    
   D119 (4.01), 

  Q115 (3.22) 
 Q105 (3.65)           2 

755 N       
R376(4.56, 

5.00) 
      

R482 

(3.01) 
  2 

757 Y 

Q467 

(2.18), 

T510 

(3.01) 

D110 

(2.56) 

 

D250 

(3.56) 

A170 

(3.91) 

H54 

(4.10) 
 D375 (3.54)  

E129 (3.56), 

R103 (3.01) 

E180 

(3.10) 

 

E301(3.11),R

304(4.11) 
  

R452 

(3.10) 

 

D123 

(3.01) 

E227 

(3.65) 
12 

758 E   
Q110 

(3.16) 
 

R151 

(3.01, 

2.96) 

   
R132(3.10, 

2.29) 
    

R444 

(3.01) 

 

 
Q369 

(2.55) 
5 

759 N 
E458 

(3.10) 
 

D111 

(3.15) 

 

S169 (3.00), 

A158 (3.00) 
   

S196 

(3.81) 

 

 

D182 

(3.01) 

 

 

H89 

(3.75) 

 

  S29(3.50) 
R259(2.85,3.

01,3.34) 
8 

761 T 
E458 

(2.86) 

D110 

(3.01) 

D257 

(3.01) 

A158 

(3.10) 

R55 

(3.10) 
 

Q405 

(3.10) 

 

G195 

(3.54) 
  

E308 

(3.54) 

 

E231 

(3.01) 

 

   
D373 

(3.1,2.5) 
10 

766 E   

R289(3.40) 

N282 

(3.54) 

   

S541(3.01)

S253 

(3.25) 

 
R139(3.01) 

R136(3.45) 

T242 

(3.01) 

 

Y204 

(3.01) 
  

R367 

(2.65, 

2.65) 

  6 

767 Q 
A519 

(3.55) 

F195 

(3.45) 
         

N235, (3.03), 

N239,(3.01),

R264,(2.56) 

    3 

768 M          
D237 

(3.01) 
   

Q364 

(4.15) 
  

2 

 

Total residue 

interacting 
6 4 7 7 3 4 5 2 4 6 5 8 2 5 2 6 

 

 

 

Strength V.S S V.S V.S W S V.S V.W S V.S V.S V.S W V.S W V.S 
 

 

                                                                         7-5: Very Strong (V.S): 4: Strong(S): 3: WEAK (W) Very Weak (V.W) 
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Table 3: TPEE motif interface interacting amino acid residues and their respective hydrogen bond distances 

PROTEINS LAMIN B2 (Aa) HSP90Î² 
GRP78/ 

HSPA5 
ABAD TOM20 TOM70 

               

NPD011/ 

NUDC 

 

APOA4 

 

HSPA8 

 
Neuroserpin Total 

743 T 
 

 
         - 

744 P         R322 (3.10)  
1 

 

745 E  
R116 (2.56) 

 
T247 (3.20)  Q67 (4.02, 4.02)   L289 (4.35) R322 (3.85)  5 

746 E 
 

 
         - 

747 R D475 (2.93)   
R130 (3.10, 

3.10) 
Q102 (3.22 ,3.24) D378(3.10,2.86) 

E272 (2.84) 
 

 
E318 (2.65), 
D315 (3.20) 

E278 (2.96, 
3.20, 2.82) 

                    

7 

 

 

Table 4: YENPTY motif interface interacting amino acid residues and their respective hydrogen bond distances 

PROTEINS 

 

Lamin 

B2 (Aa) 
HSP90Î² 

GRP78/ 

HSPA5 
ABAD Cyclophilin D TOM70  VDAC1 Human Bcl-XL 

NPD011/ 

NUDC 
APOA4 HSPA8 TOG Galectin-1 Neuroserpin 

Total 

 

 

 

757 Y 

 

Q467(2.18), 

T510 (3.01) 

 

D110 (2.56) 

 

D250 (3.56) 

 
A170 (3.91) 

H54 (4.10) 

 

D375 (3.54) 

 
 

E129 (3.56), 

R103  3.01) 

E180 (3.10) 

 

E301(3.11), 

R304 (4.11) 
 

R452 (3.10) 

 
D123 (3.01) 

E227 (3.65) 

 
12 

758 E   Q110 (3.16)  
R151 

(3.01,2.96) 
  R132(3.10,2.29)    

R444 (3.01) 

 
 Q369 (2.55) 5 

759 N E458 (3.10)  
D111 (3.15) 

 

S169 

(3.00), 

A158 (3.00) 

  
S196 (3.81) 

 
 

D182 

(3.01) 

 

 

H89 

(3.75) 

 

 S29 (3.50) 
R259 (2.85, 

3.01, 3.34) 
8 

760 P - - - - - - - - - - - - - - 
- 

 

761 T E458 (2.86) D110 (3.01) D257 (3.01) A158 (3.10) R55 (3.10) 
Q405 (3.10) 

 
G195 (3.54)   

E308 (3.54) 

 

E231 (3.01) 

 
  D373 (3.1, 2.5) 10 

762 Y    G164 (3.21)           

1 
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Conclusions 
The present study uses an approach to analyze the 

AICD peptide and its influence on AD, in the context of 

its interaction with significant neuronal proteins and its 

plausible roles toward the disease pathogenesis. We 

deciphered a set of candidate proteins with diverse 

cellular functions, which can strongly interact with 

AICD. Our results indicate that the interaction of the key 

proteins encompassing the YENPTY domain correlates 

with earlier literature.(9) The binding of these proteins 

may demonstrate the cascade amplification of the 

pathologic signals. Taken together, these results reveal 

that the YENTPY domain may be a potential drug target 

towards preventing the binding of neuronal proteins to 

AICD, and offer clues towards designing suitable natural 

inhibitors to prevent the onset of AD pathogenesis. 
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