Primary analysis of hedgehog —the key
protein of embryonic development
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Background

Holoprosencephaly (HPE) is a cephalic disorder in
which the prosencephalon fails to develop into two

hemispheres
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Mutations in the gene encoding the Sonic hedgehog protein,
which is involved in the development of the central nervous
system (CNS), can cause holoprosencephaly



Background

Hedgehog (Hh) was first identified by genetic screens in Drosophila melanogaster. It earned its
name from the appearance of embryos with null alleles of hh, which display a lawn of
disorganized, hair-like bristles reminiscent of hedgehog spines. Thereafter three mammalian
counterparts, sonic hedgehog (SHH), Indian hedgehog (IHH) and desert hedgehog (DHH) were

found.
a) SHH activity reproduces the actions of the zone of polarizing activity in the limb bud and of

the notochord and floor plate in the neural tube
b) IHH regulates bone and cartilage development and is partly redundant with SHH

c) DHH is essential for germ cell development in the testis and peripheral nerve sheath

formation



Background

SHH preprotein ’fa%ﬂ

8 J}p ’T:;Ir
2] 2 ]
%%, %0 %%,
¢fﬂ v W’x¢‘p '2"{?'9
o O O -
24-197 1858-424
Fully processed SHH-N
]
0 |3I ;
Palminate Cholesterol

The whole sequence of Shh_human and structure of Shh-N
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Background

Uniprot search for Shh homologous proteins in three organism

. Download # Columns 2= 1to90f9  Show
O T S S
O ()61488 DHH_MOUSE HI Desert hedgehog protein Mus musculus (Mouse)
O P79729 DHH_DANRE "'i Desert hedgehog protein dhh Danio rerie (Zebrafish) (Brachydanio rerio) 28
| 043323 DHH_HUMAN ﬁ Desert hedgehoq protein DHH Homo sapiens (Human) 396
O 098862 IHH_DANRE ‘"'i Indian hedgehog B protein ihhb ehh, ihh Danio rerio (Zebrafish) (Brachydanio rerio) 412
1 014623 IHH_HUMAN !i Indian hedgehog protein IHH Homo sapiens (Human) 411
1 P97812 IHH_MOUSE !i Indian hedgehog protein Ihh Mus musculus (Mouse) 411
| (92008 SHH_DANRE ﬁ Sonic hedgehog protein A shha shh, vhh1 Danio rerio (Zebrafish) (Brachydanio rerio) 418
| (15465 SHH_HUMAN "’i Sonic hedgehog protein SHH Homo sapiens (Human) 462
O (62226 SHH_MOUSE Sonic hedgehog protein Shh Hhgl Mus musculus (Mouse) 437

ar

1to90of9 Show (25 V|
The structures of DHH_Mouse IHH_Mouse SHH_DANRE DHH_DANRE IHH_DANRE are not available in PDB




Alignment and phylogeny analysis

SHH DHH

S T R e G —
N YN Q92008/Q1546 567 FAT YN B3DJ46/043323 386

D T e so7 58% PR/ L & Q61488/B3DJ46 379 394 57%
8
- NESA Q61488/043323 767 767 96%
Q62226/Q1546 722 722 87%
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;xi%ﬁ//\ = E The same protein In different

;97812/@9886 468 468 63% organism alignment indicates that

rorez/Quaoz 778 778 95% human and mouse are more closely
related compared with zebrafish




Alignment and phylogeny analysis

Human Mouse

Ihh 60% / 58% Ihh 59% / 60%

56% 58% / Shh 60% 60% /

Zebrafish

%e Dnh mh Shh In the same organism different
Dhh / 51% 49%

hedgehog alignment indicates that
. / . different hedgehog is not as much
similar as expected

49% 59% /




Alignment and phylogeny analysis

Original Tree  Bootstrap consensus tree
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1. MOUSE Dht VPLLYKIFVPIVPIRI E«BBr-EBRVARESERFREL vPHYHPE 1 FKE ABRLWEERCKERVEAL A1 AvHEUERPBVRLRVE
2 DANRE Dht VELAYKEFEPNYVPEKTLE4SERYEEK ARBEERFKELEPNYNPE ! | FKB BRLMEBRCKBRLESL A 1 BvulEEPEVKLRVE
3 HUMAN Dht VELAYKEFEPNYVPEKTLEASERYEEK ARBEERFKELTPNYNPE! I FK PRLMEBRCKBRLESL A 1 BvuNENPEVKLRY
4 DANRE Ihh fPLavk@F I PHvAEKTELEABBRYEEK BRNSERFKELAPHYNPH | FKD RLMEBRCKBKLEAL A 1 BvulBEPEVKLRVE
5. HUMAN Ihn VELLYKBFVPEWPERTLE48ErPEBRVTREEERFROL VRPN YNPE ! | FKB ABRLWEERCKERVNAL A1 AVvHNUEREBVRLRVE
5. MOUSE Ihn fPLavk@r PHvAEKELEABBRYEEK ERNSERFKELEPHYNPH | FKE RLMEBRCKBKLEAL A 1 BvulENPEVKLRVE
7. DANRE Sht fPLavk@r I PHvAEKELEABBRYEEK ERNSERFKELFPHYNPE 1 FK BRLMEBRCKBKLESL A 1 BvulHEPEVELRY
B HUMAN Sht fPLavk@rEPNyvAEKTLEABBRYEEKVEFPESERF KELAPHYNPH 1 FKD BrRumEBRCKBKLESL A 1 BvulLBPEVRLRVE
3. MOUSE Sht fruBvkEyvPEvEENNLE48ERAEER  ERESERFNEL vclYNTH HF kD ABRFUEKRCKBCLNKL A1 AvHNERFBVRLRVE




Prediction of structure and function

d Hint
B 1€

0 100 200 300 '400

Shh_human domains

Confidently predicted domains, repeats, motifs and features:

Name Start End E-value
signal peptide 1 23 N/A
Pfam:HH_signal 24 184 2.7e-92
HintN 196 319 4.35e-32
HintC 324 369 0.00000293
low complexity 373 393 N/A

low complexity 396 412 N/A

low complexity 414 431 N/A Result from SMART




Prediction of structure and function

2motifs

MoOTIF LOCATIONS

® Only Motif Sites Motif Sites+Scanned Sites All Sequences
Name [7] p-value [Z]  Motif Location

1. sp|043323|DHH_HUMAN 7.55e-199 o — e
2. sp|Q61488|DHH_MOUSE 8.26e-201 o —— e
3. tr|B3DJ46|B3DJ46_DANRE 1.07e-176 o —— e
4. sp|Q14623|IHH_HUMAN 228e-219  —— — |
5. sp|P97812|IHH_MOUSE 4.53e-217 L —— [
6. sp|Q98862|IHH_DANRE 1.82e-198 o —— e
7. splQI5465|SHH_HUMAN  1.87e-220 D
8. sp|Q62226|SHH_MOUSE  1.26e-223 — — e
9. spIQ92008|SHH DANRE ~ 2.91e-210 D
3motifs
MoTIF LOCATIONS

® Only Motif Sites [Z] () Motif Sites+Scanned Sites (7] () All Sequences

Name 7] p-value Motif Location [?]

1. sp|O43323|DHH_HUMAN  2.87e-257 — —

2. sp|Q61488|DHH_MOUSE  1.33e-257 — —

3. tr|B3DJ46|B3DJ46_DANRE 1.250-220 — R | ' ' '
4. sp|Q14623[IHH_HUMAN  8.36e-279 — | ' ' '
5. sp|P97812|IHH_MOUSE 371278 — ' ' '
6. sp|Q98862|IHH_DANRE 5.42e210 — [ —

7. sp|Q15465|SHH_HUMAN  1.36e-289 — [ —

8. sp|Q62226|SHH_MOUSE  7.37e-293 — I —

9. sp|Q92008|SHH_DANRE  1.84e-277 — —

Result from MEME




Molecular crosstalk about hedgehogs
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Protein modeling

a.DHH_mouse

Top mode

Model (left) based on template c3minB

Top template information

PDB header:signaling protein
Chain: B: PDB Molecule:sonic hedgehog protein;
PDBTitle: crystal structure of human sonic hedgehog n-terminal domain

Confidence and coverage
Confidence: 100.0% Coverage: [FL 0

166 residues ( 42% of your sequence) have been modelled with 100.0% confidence by the single
highest scoring template.

Additional confident templates have been detected (see Domain analysis) which cover other regions
of your sequence.

322 residues ( 81%) could be modelled at >90% confidence using multiple-templates.

You may wish to try resubmitting your sequence in "intensive” mode to model more of your
sequence.

Interactive 3D view in J5mol

For other options to view your downloaded structure offline see the FAQ

Image coloured by rainbow N — C terminus
Maodel dimensions (R): X:56.746 Y:51.673 Z:35.715

Analyses Analyses Analyses

‘;._x‘ Y % =S Function Quality Quality (rE———

IGOOd ProQ2 quality assessment | Conservation zlel;‘t;ge::y Conservation

Clashes Pocket detection . High Pocket detection

Rotamers Mutational sensitivity Mutational sensitivity |

/;,«‘] Ramachandran analysis Largest pocket
Alignment confidence I Pocket
I / ,/ Disorder
lIBad [ |
Bow




Protein modeling

b.SHH_DANRE

Model (left) based on template c3minB

Top template information

PDB header:signaling protein
Chain: B: PDB Molecule:sonic hedgehog protein;
PDBTitle: crystal structure of human sonic hedgehog n-terminal domain

Confidence and coverage
Confidence: 100.0% Coverage: [T/

166 residues { 40% of your sequence) have been modelled with 100.0% confidence by the single
highest scoring template.

Additional confident templates have been detected (see Domain analysis) which cover other regions
of your sequence.

320 residues ( 77%) could be modelled at >90% confidence using multiple-templates.

You may wish to try resubmitting your sequence in "intensive" mode to model more of your
sequence.

Interactive 3D view in J5mol

For other options to view your downloaded structure offline see the FAQ

Image coloured by rainbow N — C terminus
Model dimensions (R): X:56.746 Y:51.673 Z:34.745

Analyses Analyses Analyses
[ Quality, | Function Quality [ Funtion Quality | Function,|
Mutation
IGOOd  ProQ2 quality assessment | Conservation sensitivity Conservation
Clashes _Pocket detection | . High Pocket detection
Rotamers Mutational sensitivity Mutational sensitivity
Ramachandran analysis Largest pocket
Alignment confidence l Pocket
I | Disorder
fIBad [ |

. Low




Protein modeling

human mouse zebrafish

SHH

IHH




Summary

a) The evolutionary relationship between
human and mouse is more close in HH
family compared with zebrafish

b) Structure analysis indicate that the
hedgehog contains a conservative signal
domain and a auto-processing C-terminal
domain(hint family)

c¢) Interaction with hedgehog proteins are
ptchl.2, smo, Glil.2.3, Hhip.

d) The predicted structures are highly similar
with SHH_human N-terminal signal
domain.



