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Identification of
functional sites

m Whole alignment methods
— Simple visualisation
— Calculation of “conservation values”



tjusa_1/1-109
Ix6ca_1/1-118

1d1zc_1/1-101
1d1za_1/1-101
1m275_1/1-104
1ddwb_1/1-102

Example Multiple Sequence alignment of 27 SH2 domains

SWHYWGRLSRQEAVALLQGQ- -RHGVFLY
GSSGSSGWYHGHMSGGQAETLLQAKG-EPWTFLY
NNLETYEWNMNKSISRDKAEKLLLDTG-KEGAFMY

NMSLOQNAEWYWGDISREEVNEKLRDT--ADGTFLY

1 ---NNNMSLQNAEWYWGDISREEVYNEKLRDT--ADGTFLY
MSLONAEWNWGDISREEVYNEKLRDT- -ADGTFLY
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SIQAEEWYFGKITRRESERLLLNAENPRGTFLY
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71 -PLTFSSYVELINHYRNESLAQYNPKLDVKLLYPYSKYQQDQOVVKE
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70 -PLTFSSYVELINHYRNESLAQYNPKLDVKLLYPYSKYQ

76 -RAQFETLQQLYQHYSERAAG LSSRLYVPSHK

64 -QRRFHTMDELYEHYKKAPIFTSEHGEKLYLVRALQ
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Conservation
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AMAS method of calculating conservation

Taylor Venn diagram of amino acid properties

Count maximum number of set boundaries
that must be crossed to include all
amino acids at an alignment position

Hydrophobic

This gives a measure of the physico-chemical
property variability at the alignment position TLVCAGHE THHKREQDNSTPEZXA

000000000800 00000000008 Hydrophobic
COOOOO0088000800000808 Polar
coeeee00000000Cesesecoees  Smal
00000000000 OOOO0000e OO e Proline
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#080000000000000000000se  Aliphatic
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For comprehensive review of methods see:
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Valdar, WS (2002) Proteins, 48, 227-41




Example Multiple Sequence alignment of 27 SH2 domains

Ijusa_1/1-109
Ix6ca_1/1-118

SWHYWGRLSRQEAVALLQGQ- -RHGVFLY
GSSGSSGWYHGHMSGGQAETLLQAKG-EPWTFLY

DSEST-SPGDY¥VLSY SENS----RVSH
ESLS-QPGDFVYLSYLSDQ-PKAGPGSPLRVTH

1d1zc_1/1-101
1d1za_1/1-101
1m275_1/1-104
1ddwb_1/1-102
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Conservation

NNLETYEWNMNKSISRDKAEKLLLDTG-KEGAFMY
NMSLOQNAEWYWGDISREEVNEKLRDT--ADGTFLY

1 ---NNNMSLQNAEWYWGDISREEVYNEKLRDT--ADGTFLY
MSLONAEWNWGDISREEVYNEKLRDT- -ADGTFLY
SIQAEEWYFGKLGRKDAERQLLSFGNPRGTFLI
SEW¥YGNVYTRHQAECALNERG-YEGDFLI
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73 -PLTFSSYVELINHYRNESLAQYNPKLDYKLLYPYSKYQ
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Eyeball the alignment...




Identification of
functional sites

+

m Sub-family analysis
— AMAS analysis
— “Tree determinant” positions
— “Evolutionary trace”



Sequence analysis of the Annexins:
An example of sub-family analysis

_|_

m 'Large” number of sequences (for
1990)

m Possess multiple domains

s Unknown tertiary structure at the time
of analysis

m Barton, G. J., Freemont, P. F., Newman, R. & Crumpton, M. (1991),
"Sequence Analysis of the Annexin Super Gene Family of Proteins”
Eur. J. Biochem, 198, 749-760.



Annexins

Calcium and phospholipid binding

-

Wide family - 22 known sequences
A(Insect - Human)

Found in many cell types

Implicated in |

membrane fusion

€XocCytosis
cell signalling

anti-inflammatory properties \




/ Annexins \

Homologous domains
g \ calcium and phospholipid
~ Variable binding

[N-terr.ninal \ / l\\

region e
. 3 _J E" 1 4

Xngcr hn%

Chort 11nke@

\ Annexin VI has 8 repeaty




Sequence Analysis of Annexin Domains

Jin]

Dot-Plot comparison of
Human Annexin I with itself. —_ [

Four repeats (domains ?)
are visible.




Annexin Domains

6 L6M7
14 L6H7
68 pd73
41L3R3

75 L5C3
40 LIR3
44 LIM3
48 L1H3
56 L2B3
60 L2H3
64 L2M3
3 L3R4
23 L3H4
65 p474
80 L5SBH4
7 L6M8
15 L6H8
9 L6M4
20 LoH4

18 L6H5
73 L5C1
12 L6M1

20

S.D. Score



Annexin Domains

6 L6M7
14 L6H7
68 p473

Domain
3&7

64 L2M3

45 L1H4
67 p471
1L3

R1
22 L3H1
77 L5SBH
10 L6MS
18 L6HS
73 L5C1
12 L6M1
16 L6H1
30 L4H1
26 L4ABI
34 LAP1
50 L5H1
71 L5R1
47 L1H1
39 LIRI
43 L1IM1
63 L2M1
55L2BI
59 L2H1
78 L5BH2
8 L6M2
17 L6H2
74 L5C2
51 L5H2
70 L5R2
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Annexin
Predictions

. 5 Helices

. Core residues (hydrophobic patterns)

. Conserved Glu in repeats II
and Arg in repeats IV
form a salt bridge

. Helix a in repeat III shorter

. Not like uteroglobin

. Helix a - helix b loop important in repeat III




Annexin V showing Glu-Arg salt bridge between
helix 2 of domain II and helix 2 of domain IV




Analysis of similarities and
differences between sub-
families can reveal
functionally important
residues

Generalise lessons learned in
Annexin study



Annexin Domains

6 L6M7
14 L6H7
68 p473

Domain
3&7

64 L2M3

45 L1H4
67 p471
1L3

R1
22 L3H1
77 L5SBH
10 L6MS
18 L6HS
73 L5C1
12 L6M1
16 L6H1
30 L4H1
26 L4ABI
34 LAP1
50 L5H1
71 L5R1
47 L1H1
39 LIRI
43 L1IM1
63 L2M1
55L2BI
59 L2H1
78 L5BH2
8 L6M2
17 L6H2
74 L5C2
51 L5H2
70 L5R2
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References on Sub-family
analysis

m Protein sequence alignments: a strategy for the
hierarchical analysis of residue conservation.
Comput Appl Biosci. 1993 Dec;9(6):745-56.

m Identification of functional residues and secondary
structure from protein multiple sequence alignment.
Methods Enzymol. 1996;266:497-512.

+

s Methods Enzymol paper includes summary of first
paper.

m Copies are available on:
http://www.compbio.dundee.ac.uk/ftp/pdf/



Identification of
functional sites

+

m Sub-family analysis
— AMAS analysis
— “Tree determinant” positions
— “Evolutionary trace”



Tree determinants

m Positions in the alignment that are
most responsible for the topology of
the phylogenetic tree derived from the
complete alignment

m These positions may be functionally
important.
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Correlation Coefficient

Partial
Multiple
Sequence
Alignment

(Globins)

Mean Correlation Coefficient
Correlation Coefficient at 75th Percentile
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Observed Haeme Contacts (green)
Prediction (window size 3, interval 2)

Observed Protein Contacts (yellow)




Papers on tree
determinants/predicting functional

+sites
— del Sol Mesa A., Pazos F., Valencia A.
Automatic methods for predicting
functionally important residues. J. Mol.

Biol. 2003;326:1289-1302. [PubMed]

— Mihalek I., Res I., Lichtarge O. A family of
evolution-entropy hybrid methods for
ranking protein residues by importance.

J. Mol. Biol. 2004,;336:1265—-1282.
[PubMed]
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