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Background

- Nerve Growth Factors

- constitute neurotrophin family of growth factors

- four protomers (NGF, BDNF, NT3, NT4) forming
non-covalently bonded homo- and heterodimers

- neurotrophins interact with tropomyosin-related kinase
family of receptors (TrkA, TrkB, TrkC)

- each dimer binds specifically to selected receptors

- complexes located on the (aqueous) outside of membranes

- various crystallographic coordinate sets of dimers and
complexes stored in Protein Data Bank (PDB)

- reduced production of BDNF is responsible for
lethal disease “Veitstanz®“ (Chorea Huntington)

only x-ray coordinates but activity in aqueous environment
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Protomer Folding

Selected backbone superposition of available protomer structures

Side View Top View

very similar folding with very diverse orientations of loops
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Scheme of Protomer

Different protomers with conserved core and regions
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Visualization of CHEOPS Contact Analysis

Specific dimer contacts (interactions)

Di of NT3 with typical, conserved cystein-knots

Contacts shown:

backbone to backbone
sidechain H-bond

Side View

dimer formation by non-valence (HBO and ) interactions only

5/16



_CHEOPS From Solid State to Solution Structure: NGF May 2004
]
CHEOPS Contact Analysis

Specific dimer contacts by residue names
NUM HI NT HI NT HI NT HI NT HI NT HI NT
NT3 CONTACT NT3 NT4 BDNF 7S- NGF
1 2 3 4 5 6
1 TYRL1A BABD LEU112M LEU123A LEU113A LEU112B
5 TRP20A SESR TRP101M TRP112A LEER PHE101B
6 TRP20A SESE TRP101M TRP112A LEER PHE101B
8 TYR51A SASD ARGEB7M ARG8A LEER LYS88B
9 TYR51A SRSE TRP101M TRP112A LEER PHE101B
10 TYR51A SESE TRP101M TRP112A LEER PHE101B
12 TYR53A SRSE TYR85M TYROGA TYRB6A PHE86B
14 CGLY69A BABD ASP71M ASP82A ASP72A ASP72B
18 ASP71A BDBA CLY69M CLY69A CLY70A CGLY70B
20 TYR85A SESR TYR53M PHES7A TYR54A PHES4B
21 ARGB7A SDSA TYR51M TYRS55A TYR52A TYR52B
22 TRP99A SESE TRPO9OM TRP110A LEER TRP99B
23 TRP101A SRSE TRP20M TRP23A TRP19A TRP21B
24 TRP101A SESE TRP20M TRP23A TRP19A TRP21B
25 TRP101A SESR TYR51M TYR55A TYR52A TYR52B
26 TRP101A SESE TYR51M TYR55A TYR52A TYR52B
28 THR106A SASD THR106M THR117A THR107A THR106B
32 LEU112A BDBA TYR1L1IM LEU14A LEUL0A PHE12B
1 2 3 4 5 6

list of van der Waals, hydrogen bond and backbone contacts
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Solid State

Unit Cell and crystal packing of NT3 rs
(backbones only)

crystal packing affects dimer folding
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Crystal Contacts between Dimers

Residues with contacts from one to another

1
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finger regions show crystal contacts not available in solution

8/16



| CHEOPS From Solid State to Solution Structure: NGF May 2004

Molecular Dynamics Simulation

Starting structure from CHEOPS structure preparation

adequate solvation requires more than 10,000 water molecules
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Solution Structure

Superposition of structures at , 20, 40, 60, 80, and 100 ps

large wagging movements and significant shift in finger region
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CHEOPS Contact Analysis

DSSP assignment for protomer in course of simulation
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stable secondary structure, some regions even tightening
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CHEOPS Contact Analysis

Stable, lost, and new dimer contacts during simulation

ARGBA  THRBIM  SDBA XXXXXXX- XX- Xe XXKXKKX- - = - =« = « = x s e e e e mee e ce e e 18
ARGBA  ASP105M SDSA - 70
GLYOA  THR8IM  BDBA Xo XXe Xe = Xe XXe = = = XXKXKKK- = = XXKXK- = XXX = XK XXKe XKe XKXKXXK= XX = = XXXKXXKXKXXX 49
GLYOA  SER82M  BDSA Xo = Xe = XXX = = Xe = = XKe Xe X = Xe = XKXKXKK= = = XXXK- = = - = XXX = XXXe XKe XKe = Xe = XK = = X o XKKe = == Ko = Xe = Xe 42
GLULOA  SERB2M  BDSA - ------mmmmmmmmmmmmm oo oo Xo = Xe Xe = = XOOOOKKKK XX XX - - - - - = XXX XRXXKXKKK- X = XHKIRKXKXKK= = X = XXXXKXK= XXXK 50
GLULOA  GLNBBM  SABD = -« - - = - =« = s o« o m o e o m o e ot o e o e o e e o e e e e XXXKXK- = = = = = m e X- XXXX 10
SERI2A  CYX110M BDBA ------------- Xe Xe XKoo mmmmmmm e e X- = = XORKKK= KXo XX XXK= XXX Ko Ko X XK KKK = Ko XK = = = XXXK= XKe = = XKXKX- - Xe - 42
TRP20A  TYRB5M  SESE - XXXXXXXXKXKXXKXKXXKXK- Xe XK= X = = XXX XKoo X = XK= X = = KXKXKKXKK = X = = = = XXKe XKe = = - XXKX- - - - - X- Xe = X XXXXXXX 61
TRP20A  TRP10IM SESR XXXXXKXXXXKXKKXKX- XXe Ko KXKXe Ko = = = = = w = e mwmmememce e XXXX- = = XXX XX = - = - Xe = XXKe XXe = = - = - X Xemwmmmmeme e 41

I LE41A  TRP99IM  SASR - - XXXXXX- XXXXXXXXXXK- = XXXKXXXOXXKNKK- = K= K= = X XXXXK- = X XXX XXXXKXKKK = XXK- = XXX = = XXXXK- X- XX- - XXX 75

VAL48A  ARG7M  SASR - - XXXXXXXXXXX- XXXXXXXXKKK- XXK- = XXKKXXK= K= = Ke XK= Ko = == XK= XXX XK= = = XKXKK= = = Xe K Xe X == X X X X XXXXXOXXXXX- - 66
LYS49A ARGB7M  BASD  XXXXXXXXIHIHHIHIHIHIHIHIHIHIHIHIHIHIHIHIHKHKHKHKHKHIHIHIHIHIHIHIHIHKHIHIHKHIHIHIHIHIHKHIHKHKHIHIHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHKHXHXHXKXXXK 100

TYR51A  TRP10IM SASD XX- XX- XXX X- X XXXXKe XXXXKX- - = Xe = Xe < = = - =« - - - Xewmmemnen XX Xe Xe = Xem e eme Xe XKXe XK == X w = w X Kem o mmeme oo 35
TYRSIA  TRPLOIM SRSE XXX- XX- XXXXXXX- XXXKXXKXKKXKIKKXKXKK K- X XX X = = = = = = = = = Xo XXX Xe XX = X Xe = - - = XXKKXKX- = - = Xe = = = XXKXKXX- - XX 63
TYRG1IA  TRPLOIM SESE XXXXXXXXXXXKXKXXKXKXIXKIKKIXKIKKXKIKIXKIIKKXKIIKKIKIIKIKKIKIKKIXKIKIXKIIKIKIIKIKKIKIKKIXKIKIIKIIKIKKIKXKXXKK 100
GLY69A  ASP7IM  BABD - Xe----v--c-ncn- XOXOKXKKXKK = KXKIKKXKKXK= XXXK= XK= = = XKXKKIKIKKIKIKK KXKKXK= X = = = =« = e = e oo o XXX- X XXXXKX- X 59
ASP71IA  GLYBIM  BDBA - X- - XXX- XXXXXXXX- XXX- - = XXKXHKXRKIXKIRIXKIORHXRKIIHXKK= XXX XXKKX- KXKXK= X XXX XKe X X X = XXX XXKXKKXKXXXX 80
TRP75A  TYRLIM  SESE ------------ XX Xe XXOKXRIKIOKIKIORKIKIIKIKKK- XXX = XKe Ko Ko X Ko KXKK- = = = Ko KK = = KKK = = = = = - XX XX - - - X- X- XXX 56
THRBIA  ARGBM  BASD XXXXXXXXKXRXKXKXKKXKXIKKIKKXXK- = = = « = = = =« = w m e e me e Xewemmee XXX = = = XXXRKXK= XIXKXXKIRKIXKIRKIKXIKKIKXXKXK 63
SER82A  ARGBM  SABD -------- XXKe XK= = XRKK= X Ko X XX = = KIORKXK= XHXKXKK= Ko X XRKKe XXKXK= = KK = = = = = e oo XX XX - - - - XXKXKXK- - - - 52
SER82A  GLYOM  SABD ---X----- Xo XXX = = = XIXKIKKIKKIK K= XXX XX XK = = = XKXKKXK K= KXKIKKXKIKKIKKIKKIKKK- = XKXKK= X Ko XKXKXK- XXX XXX 72
TYR85A  TRP20M  SESE - XXXXXX- XXXX- - XXXX- - - - - - - XXX X - - - - XXXX= = XOOXORKXKIIKK- XK= = Ko XKXKK- = = XHXKe X = = = = = = - = X- = XXX XXXXK- X- - - - 56
TYR85A  TYR53M  SESE X- - X- X- - XXOKXXXX- - = - == - = - - - Xe = Xe = XK= XXK= XHOKXKKK- = = XXK= XK= X = KKK XX XK = = = = = = = - X Xe XKe === - - X---- 45
ARGB7A  LYSA9M  SDBA XXXXXXKXXXXKXXXXX- XXXXXXKXK- X - - = XXX = = = XXXKXKXX- XXX - = = = = - = = Xe Xe = Xeommmmme o X XXX XXKXKKXKXIXKXKXXKK- 64
ARGB7A  TYRSIM  SDBA ------mmmmmmmmmmmmmcenae Xe XHXOKXKIRIXKIRIIKIIHIKIIHKIRKIIKIRIXKIIIIKIIKIKIIHKIRKIIKIIHIIKIIK= K- = KXKKXKXKX 70
TRP99A  TRP9IM  SRSE - XX-------- Xe = Xe o = = Xe = = XHXe = Xe XKe XKXKKXK= = = KKK KIORKXKK XXK= Ko XKXKe XKKKe KKK XK Ko = = = m mw = m e meeme e 45

TRP99A  TRPIIM  SESE  XXXXXXXX- XXXXIXXIHIHIKIIHIHIKIXHIHIIK= XHXXIIHKHKIXIHIHIKIIHIHIKIKK= KXXIHKIKIKIHKHKIIIHIHKIKIIHIHIIKIIHIHKIKIKK- K= XIKXKXXXXXXXXXXXK 95
TRP101A TRP20M  SRSE  XXXXXXXXXXXIXIXKHXK- XXIHXIXIIXIIAHIIXIIXIIHXIKKIHIIIKHIHNK = XAKKXXAIIXIKIIXIKIHIIKIXIXIAKK = XXXKXXXXXX- 96
TRP101A TRP20M  SESE  XXXXXXXXXXXKIIXIIIIIXIHIIIIIKIIIIAHIIXIKIIXIIAIIXIIKHIHIN= XHXXXAIKHIIXIXIHXIXKHIHXIIKIIIXXXXAKXXXXXXXK 99

TRP101A TYRSIM  SDSA XXXXXX- - - X X- - - - - XXe = = XXKXKXK XK= = XXKK- = = Xe = XKe = XX = = XHXKIKIKXK= XK= XXK= X X X X X = = m = m e m XXXX- XXXXXXX 57
TRP101IA TYRSIM  SESR X- - XXXXXXXe XHXXKXKXXK- - - - - - - . Xewmnmnnn Xewmnnn Xewmmm s Xewmmmmmnnns 20
TRP101A TYRSIM  SESE XXXXXXXXIXIIIIIIIIIIIIIIIIIIHIKXK= XX = Ko XX X = XXKXKIKXKXKK X XHXKIKIKXKIKXHXK= XX XHXKXKIIXKXKXKXK 89
ASP105A ARGBM  SASD ---- X- - XXXKXKK = = = = = - Xeommn- 81
CYX110A VAL13M BABD X-X----- XXe = X = XXe X XKe X XXHKKe XHKKe X X = = = = = = XXX = - = - = Xewmmmnn X- Xe X XHXXHKK- = = = = XHXXKe = XK XK = XXKe - = XXXK 48

LEU112A TYR11M BDBA ---

- XK X XXK= = XXKXKKXKK = = XX = = = = = mmm e X- XXXX-

- X- -

70

several new contacts form besides crystallographic ones
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CHEOPS Contact Analysis

Selected protomer contacts /ost and formed
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missing 2" dimer causes change of contacts in finger region
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Solution Structure: View of Protomer

show high flexibility

crystal structure of finger region not adequate for solution
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Solution Structure: MD vs. Experiment

NMR-study supports mobility of finger region in growth factors

Protomer Superposition from MD on NT3 NMR on TGF-$1

MD and NMR similar with flexibility in core and high in finger regions
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Conclusion

- X-ray structures for nerve growth factors:
- very similar overall shape

- sequence differences in finger regions contacting receptors
- crystal packing causes inter dimer contacts for these regions

- molecular dynamics simulation for solvated dimer
- closer to the in vivo environment
- overall secondary structure conserved
- some additional relevant contacts (interactions)
- flexible finger regions show large movements
and even shifts with respect to x-ray coordinates
- amplitude of movements similar to NMR results on TGF
- x-ray conformation not reliable for mechanistic analysis

CHEOPS contact analysis extracts all significant information
from huge haystack of MD data

study of the specific interactions with receptors on its way

16/16



