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1.1. Definition and function

Neurotrophins family closely related proteins involved in: survival, 
development, and function of neurons (in CNS and PNS)

≠ neurotrophic factors

NTs

GFLs

NCs

NFs

Other

Different signaling pathways 
for each subfamily

secreted by: neurons or surrounding glia

target cells: neurons



1.1. Definition and function

Figure 1 - Neurotrophins secretion: Skaper SD. Meth Mol Biol. 2012

Their function becomes crucial 
in the development of the 
vertebrate nervous system.



1.2. Members and their receptors

Figure 2 - Neurotrophins and their receptors:  Khan N, Smith TM. Molecules 2015.



1.3. Consequent signaling pathways

Figure 3 - Neurotrophins Pathways: Longo FM, Massa SM. Nat Rev Drug Discov. 2013.



2. Neurotrophins  
Domains and Secondary Structure

SCOP CLASSIFICATION
CLASS: Small Proteins

FOLD: Cystine-knot cytokines
SUPERFAMILY: Cystine-knot cytokines

FAMILY: Neurotrophin (NGF,
NT3, NT4 or BDNF)

- Mainly beta
- Ribbon
- Superfamily: cystine-

knot cytokines



BDNF NT3 NT4 NGF

2. 1.Superimposition of Neurotrophins

Sc: 8.32
RMSD: 1.31



3. NEUROTROPHINS RECEPTORS (trk)

Figure 4 - Receptors Domains: Barbacid M. Cell Biol, 1995.



3.neurotrophins receptors (trk)
BINDING DOMAIN                             

SCOP CLASIFICATION
CLASS: All-beta proteins

FOLD: Immunoglobulin-like beta sandwich
SUPERFAMILY: Immunoglobulin

FAMILY: I set domains
DOMAIN: High affinity nerve growth factor receptor TrkA



3.neurotrophins receptors (trk)

BINDING DOMAIN                             



3.neurotrophins receptors (trk)

TYROSINE KINASE DOMAIN                            

- Alpha and beta
- 2-Layer sandwich
- Superfamily: 

phosphotransferase

- Mainly alpha
- Orthogonal bundle
- Superfamily: 

phosphotransferase



3.neurotrophins receptors (trk)

TIROSIN KINASE DOMAIN                            



3.neurotrophins receptors (P75)
SCOP CLASIFICATION

CLASS: Small Proteins
FOLD: TNF Receptor-Like

SUPERFAMILY: TNF Receptor-Like
FAMILY: TNF Receptor-Like

DOMAIN: Low Affinity Neurotrophin Receptor p75NTR

SCOP CLASIFICATION
CLASS: All alpha proteins

FOLD: Death domain
SUPERFAMILY: Death domain

FAMILY: Death domain
DOMAIN: Low Affinity Neurotrophin Receptor p75

Figure 5 - Receptors 
Domains: Barbacid M. 
Cell Biol ,1995



3.neurotrophins receptors (P75)

Mainly Beta
6 helices closed bundled
Greek-key



4. EXAMPLE A: NT 4/5 INTERACTion WITH TRKB

Secondary structure of the complex                             



Specific Patch

Conserved Patch



HYDROGEN BONDS

TYR96 - ASN350
GLY94 - ASN350

INTERACTIONS



HYDROGEN BONDS

ARG114 - ASP349

INTERACTIONS



HYDROGEN BONDS

ARG11 - ASP298
GLU13 - HSD299

INTERACTIONS



5. EXAMPLE B: NERVE GROWTH FACTOR INTERACTS WITH TRKa

Secondary structure of the complex



HYDROGEN BONDS

ARG103 - ASN349

INTERACTIONS



HYDROGEN BONDS

GLU11 - ARG347

INTERACTIONS



HYDROGEN BOND

ARG9 - GLU334

INTERACTIONS



HYDROGEN BOND

GLU11 - HIS297

INTERACTIONS



HYDROGEN BOND

SER13 - MET296

INTERACTIONS



HYDROGEN BOND

HIS4 - PHE303

INTERACTIONS



HYDROPHOBIC INTERACTION

PRO5 ILE6 PHE7 - VAL294 LEU333

INTERACTIONS



NEUROTROPHINS
SEQUENCE ALIGNMENT



NEUROTROPHINS RECEPTORS (TRK)
SEQUENCE ALIGNMENT



6. Example C: NT3  interaction with p-75  



p-75 - NT3 (homodimer)

SITE 1 SALT BRIDGE

ARG87 - ASP41

HYDROGEN BONDS

LYS49 - ASP41     TRP20 - MET67
ARG31 - ASP76     ARG31 - PRO70

HYDROPHOBIC CONTACTS

LEU96 - LEU21     
ILE30, TRP101 - ALA69, PRO70     



p-75 - NT3 (homodimer)

SITE 2 SALT BRIDGES

ARG114 - GLU119
ARG68   - ASP134

HYDROGEN BONDS

TYR11    -  LEU106
ARG114  -  CYS136

HYDROPHOBIC CONTACTS

TRP75, VAL63 - LEU137         



p-75 - NT3 (homodimer)

SITE 3 SALT BRIDGE

LYS73 - GLU143

HYDROPHOBIC CONTACTS

HSD74 - PRO138         



p-75 - NT3 (homodimer) HYDROPHOBIC CONTACTS

HYDROGEN BOND AND SALT BRIDGE

CONSERVATIVELY 
SUBSTITUTED



Conformational changes





7. Neurotrophins IN OTHER SPECIES: BDNF and NT4



7. Neurotrophins IN OTHER SPECIES: NGF 



7. Neurotrophins IN OTHER SPECIES: Nt3
 



8. Neurotrophins RECEPTORS IN OTHER SPECIES: TRKA



8. Neurotrophins RECEPTORS IN OTHER SPECIES: TRKB



8. Neurotrophins RECEPTORS IN OTHER SPECIES: TRKC



8. Neurotrophins RECEPTORS IN OTHER SPECIES: TRKC



8. Neurotrophins RECEPTORS IN OTHER SPECIES: P75



9. Phylogenetic tree of neurotrophins and their receptors



9. Neurotrophins phylogenetic tree



9. Neurotrophic receptors phylogenetic tree



10. CONCLUSION
- There are 4 neurotrophins (NGF, BDNF, NT3 and NT4) in humans, which can bind into 

several receptors (TRKA, TRKB, TRKC and p75), some of them specifically with a higher 
affinity.

- All neurotrophins are similar, with conserved residues.
- Neurotrophins and their receptors act as dimers. Neurotrophins can form hetero- or 

homodimers.
- The binding of the neurotrophin with its receptor leads to several conformational changes, 

stabilized by hydrophobic contacts, hydrogen bonds and salt bridges.



multiple choice questions
- Which of these receptors has low affinity for ALL the 

neurotrophins?
a) TRKA
b) TRKB
c) TRKC
d) p75
e) None of the above

- Which of these neurotrophin receptors contain Ig 
domains in its extracellular domain?

a) TRKA
b) TRKB
c) a and b
d) p75
e) All of the previous

- In which TRK domain can we observe cysteine repeats?
a) Extracellular domain
b) Transmembrane region
c) Intracellular domain
d) Extracellular and intracellular domain
e) None of above

- Which of the following sentences is correct?
a) Neurotrophin is a synonymous of neurotrophic factor
b) Neurotrophins are not modified after their synthesis
c) Only neurons synthesize neurotrophins
d) Neurotrophins can activate MAPK
e) Pro-neurotrophins bind TRK receptors

- Neurotrophins are involved in:
a) Neurons survival
b) Neurons development
c) a and b
d) Neurons function
e) All of the previous

- About the conservation of neurotrophins’ sequence, select the 
FALSE options:

1. The pro-domain is highly maintained in all neurotrophins.
2. BDNF sequence is not maintained in other species.
3. C-terminal of BDNF is a region that is highly different in humans.
4. BDNF sequence is highly maintained in other species.
a) 1, 2 and 3
b) 1 and 3
c) 2 and 4
d) 4
e) 1, 2, 3 and 4



multiple choice questions
- The TRK receptors domain which is the responsible of 

the binding with neurotrophins is a:
a) Ig-like domain
b) Kinase domain
c) Transmembrane domain
d) Leucine rich motif
e) Cysteine cluster

- Which of the following molecules are neurotrophins?
a) BDNF
b) NGF
c) a and b
d) TNF16
e) All of the previous

- Which of the following sentences is TRUE?
a) TRKA has a death domain
b) Neurotrophins don’t have a SCOP classification
c) There are more alpha helices than beta strands in the binding 

domain
d) Neurotrophins don’t exist in rats
e) Any of them is true

- Choose the correct sentences: 
1. TRK needs to act as a dimer to transduce the signal.
2. There isn’t any conformational change when a neurotrophin binds 

p75 receptor.
3. p75 and NT-3 interact by 3 interaction sites.
4. NGF has high affinity for TRKC.

a) 1, 2 and 3
b) 1 and 3
c) 2 and 4
d) 4
e) 1, 2, 3 and 4
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Extra material - Neurotrophins receptors alignment
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