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Multiple sequence alignments: method
Applications

Functional sites and their identification

See book chapters 2 and 4



Androgen receptor




Homologues of the androgen receptor
identified using BLAST

ID % Length
# Swissprot Name Description Score E Identity aligned
1 P15207 ANDR_RAT Androgen receptor. 162 le-40 100 713
6 P19091 ANDR_MOUSE Androgen receptor. 162 le-40 100 713
14 Q63449 PRGR_RAT Progesterone receptor 136 le-32 80 72
17 P06401 PRGR_HUMAN Progesterone receptor 136 le-32 80 72
21 P08235 MCR_HUMAN Mineralocorticoid receptor 136 le-32 79 712
33 P04150 GCR_HUMAN Glucocorticoid receptor 131 3e-31 77 72
41 Q9YH32 ESR2_ORENI Estrogen receptor beta 99 3e-21 58 712
42 Q9YH33 ESR1_ORENI Estrogen receptor alpha 98 4e-21 55 72
343 Q9N4Q7NH13 CAEEL Nuclear hormone receptor nhr-13 54 8e-08 39 66
344 Q23294 NH11 CAEEL Nuclear hormone receptor nhr-11 54 8e-08 42 66
345 045460 NH54 CAEEL Nuclear hormone receptor nhr-54 54 le-07 37 67
346 Q09565 NH20 CAEEL Nuclear hormone receptor nhr-20 51 7e-07 34 66
347 Q09587 NH22 CAEEL Nuclear hormone receptor nhr-22 45 5e-05 32 66
349 P17672 E75B_DROME Ecdysone-induced protein 75B 40 0.001 37 47

How can we combine these into a single alignment?



Dynamic programming algorithm for two sequences
(seen above)

F(1,j) 1s computed recursively from smaller alignments

S T A R

F(i-1,j-1) + s(x.y) 0« -8 -16
N o X
F(i.j) = max <F(i-1j) - d e
- i T
F(@i,j-1) - d - s (P,S)=-1=s (P, T)




Dynamic programming algorithm for 3 sequences

F(1,),k) h

Too expensive for more than ~10 sequences

5010 = 107



We need a more efficient, ‘“heuristic’’ method

ID % Length
# Swissprot Name Description Score E Identity aligned
1 P15207 ANDR_RAT Androgen receptor. 162 le-40 100 713
6 P19091 ANDR_MOUSE Androgen receptor. 162 le-40 100 73
14 Q63449 PRGR_RAT Progesterone receptor 136 le-32 80 72
17 P06401 PRGR_HUMAN Progesterone receptor 136 le-32 80 72
21 P08235 MCR_HUMAN Mineralocorticoid receptor 136 le-32 79 712
33 P04150 GCR_HUMAN Glucocorticoid receptor 131 3e-31 77 72
41 Q9YH32 ESR2_ORENI Estrogen receptor beta 99 3e-21 58 712
42 Q9YH33 ESR1 ORENI Estrogen receptor alpha 98 4e-21 55 712
343 Q9N4Q7NH13 CAEEL Nuclear hormone receptor nhr-13 54 8e-08 39 66
344 Q23294 NH11 CAEEL Nuclear hormone receptor nhr-11 54 8e-08 42 66
345 045460 NH54 CAEEL Nuclear hormone receptor nhr-54 54 le-07 37 67
346 Q09565 NH20 CAEEL Nuclear hormone receptor nhr-20 51 7e-07 34 66
347 Q09587 NH22 CAEEL Nuclear hormone receptor nhr-22 45 5e-05 32 66

349 P17672 E75B_DROME Ecdysone-induced protein 75B 40 0.001 37 47



How to merge these homologues into a single alignment?

ID % Length
# Swissprot Name Description Score E Identity aligned
1 P15207 ANDR_RAT Androgen receptor. 162 le-40 100 713
6 P19091 ANDR_MOUSE Androgen receptor. 162 le-40 100 73
14 Q63449 PRGR_RAT Progesterone receptor 136 le-32 80 72
17 P06401 PRGR_HUMAN Progesterone receptor 136 le-32 80 72
21 P08235 MCR_HUMAN Mineralocorticoid receptor 136 le-32 79 712
33 P04150 GCR_HUMAN Glucocorticoid receptor 131 3e-31 77 72
41 Q9YH32 ESR2_ORENI Estrogen receptor beta 99 3e-21 58 712
42 Q9YH33 ESR1 ORENI Estrogen receptor alpha 98 4e-21 55 712
343 Q9N4Q7NH13 CAEEL Nuclear hormone receptor nhr-13 54 8e-08 39 66
344 Q23294 NH11 CAEEL Nuclear hormone receptor nhr-11 54 8e-08 42 66
345 045460 NH54 CAEEL Nuclear hormone receptor nhr-54 54 le-07 37 67
346 Q09565 NH20 CAEEL Nuclear hormone receptor nhr-20 51 7e-07 34 66
347 Q09587 NH22 CAEEL Nuclear hormone receptor nhr-22 45 5e-05 32 66
349 P17672 E75B_DROME Ecdysone-induced protein 75B 40 0.001 37 47

One method 1s to infer the alignment from the Blast results: how?



A heuristic method for multiple sequence alignment
in three stages

1) Align each pair of sequences
2) Classify the sequences by similarity: “guide” tree

3) Incorporate the sequences progressively into an alignment,
in a sensible order (determined by the tree)



A pairwise alignment corresponds to
simple evolutionary model, including

« An assumption of “minimal” divergence from a common ancestor
 An empirical estimation of mutation probabilities
« An assumption of equivalent and independent positions

o A wdll-defined reference, or “null” model

CECHATEUSTOGRAS
LER-ATESTPRTIS



An empirical scoring matrix
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Stage 1: alignment of all sequence pairs

Score =6
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Stage 2: Classify the sequences by similarity: “guide’ tree

Stage 3: Incorporate the sequences progressively into the
alignment, in a sensible order



Stage 2: compute “distances’ between sequences

Classification methods use distances, rather than similarity

S=-5
S=-10 D=1.5
D=2.7
¢) PIT
5=9
D=0.3
d) PIG

What would be your choice of distance?



Stage 2: compute “distances’ between sequences

S(a’b) B §rand
D(a,b) = —log —
S —-S
max rand
Smax = max(S(a,a),S(b,b))
S _ = score to align two random sequences of same length, composition
S=6
SmaX:18 [Blosum62]
S =-12
rand
D=0.5

STAR = > SKAT



Stage 2: compute ‘“‘distances” between sequences

2.7



Stage 2: hierarchical classification

4 e

“Unweighted Pair Group Joining with Arithmetic Mean”
or UPGMA



Stage 2: hierarchical classification

1

“Unweighted Pair Group Joining with Arithmetic Mean”
or UPGMA



Stage 2: hierarchical classification

“Unweighted Pair Group Joining with Arithmetic Mean”
or UPGMA



Stage 2: hierarchical classification

“Unweighted Pair Group Joining with Arithmetic Mean”
or UPGMA



Stage 2: hierarchical classification

“Unweighted Pair Group Joining with Arithmetic Mean”
or UPGMA



Stage 2: hierarchical classification, or guide tree

“Unweighted Pair Group Joining with Arithmetic Mean”
or UPGMA



Stage 2: hierarchical classification, or guide tree

“Unweighted Pair Group Joining with Arithmetic Mean”
or UPGMA



Stage 3: sequence alignment, moving up the tree

Example with 3 sequences

-

a b




Stage 3: sequence alignment, moving up the tree

Example with 3 sequences
a with

| )
o= 5y

b
T A R
KAT




Stage 3: sequence alignment, moving up the tree

Example with 3 sequences
a with

| a) S
o b) S
a b

c with {a, b}

b
T A R
KAT




Stage 3: sequence alignment, moving up the tree

Example with 3 sequences
a with

| a) S
o b) S
a b

¢ with {a, b}

b
T A R
KAT

C How to align a sequence with
an alignment?

‘“sequence-profile’”’ alignment

We need to generalize slightly our pairwise alignment method....



Aligning a sequence with an alignment

An alignment of 3 sequences:

S T A R
S T I R
S K A T

4™ sequence y, to be aligned:

P I T



Aligning a sequence with an alignment

An alignment of 3 sequences:

S T A R
S T I R
S K A T

4™ sequence y, to be aligned:

P I T

View the alignment (above) as a sequence of columns X,



Aligning a sequence with an alignment

An alignment of 3 sequences = a sequence of columns X

S T A R

S T I R

S K A T
X

4™ sequence y, to be aligned:

P I T
Y1




Aligning a sequence with an alignment:
computing a ‘“‘mean’ score

An alignment of 3 sequences:

S T A R P

S T I R T -1

S K A T _, T -:
‘ .

Total —3 =S8 (yl’ XZ)

4™ sequence y, to be aligned:

P I T
Y1




Aligning a sequence with an alignment:
computing a ‘“‘mean’ score

An alignment of 3 sequences:

S T A R P
S T I R T =1
S K A T —_— T -1
K -1
4™ sequence y, to be aligned: total —3
P I T
o
s(a, b')=s(ab)+s(a,b) + s(a,b" Sum over pairs
b7




H

Sequence-‘‘profile’’ alignment :
dynamic programming, as before

S T A R
S T I R P
S K A T T =]
0 « -24« —-48 I -
v K —
—27
total —3

gap penalities are tripled



H

Sequence-‘‘profile’’ alignment :
dynamic programming

S T A
S T 1
S K A T

R
R

D¢ —-24«4 -48 <« =72 « =90
Y AS

-24 -3¢ —-27 «-51 «-75
V-

A W n

>~ H =

T

AHHH

S RS



Aligning two alignments: ‘“‘profile-profile’’ alignment

N

A R
I R
A T

N
>~ H

a
PP s{a‘ ,b'" ) =s(a,b) + s(a,b")

b" +s(a,b")+ s(a',b)
11 - +s(a,b)+s(a',b") ~

~N

GT

/g g 00 00 2
H H ¥ H
() 4 14 %0 ™

Sum over pairs

slight generalization of sequence alignment



Stage 3: align the sequences in the order of the guide tree

0.8

progesterone
0.7 mineralocorticoid
0.8 glucocorticoid
0.4 1.2 estrogen
1.1 . .
0.5 vitamin D
1.4
0.2 PPAR
0.9 L .
retinoic acid
1.0 .
thyroid
— androgen

Branch lengths measure distances between sequences



Stage 3: align the sequences in the order of the guide tree

0.8
progesterone
0.7 mineralocorticoid
0.8 glucocorticoid
0.4 12 estrogen
0.5 L1 vitamin D
1.4
02 PPAR
0.9 .
retinoic aci distance
o (e
thyro|d = 09 + 10
— androgen

Branch lengths measure distances between sequences



Stage 3: align the sequences in the order of the guide tree

08 progesterone
0.7 mineralocorticoid
0.8 glucocorticoid
0.4 1.2 estrogen
0.5 t vitamin D

1.4

PPA

0.2

— androgen



Stage 3: align the sequences in the order of the guide tree

0.8 =
p{gesteron

0.7 ineralocorticoid
0.8 lucocorticoid
0.4 1.2 __estrogen
1.1 . .
05 vitamin D
1.4
0.2 PPAR
0.9 L .
retinoic acid
1.0 .
thyroid

— androgen



Stage 3: align the sequences in the order of the guide tree

0.8 =
p{gesteron

0.7

ineralocorticoid

0.8

0.4 L2 /%@n
1.1 . .
vitamin D

0.5
1.4 /
0.2 PPAR

o o
retinoic acid

— androgen



androgen
progesterone
Mineralocorticoid
Glucocorticoid
Estrogen

Retinoic acid
Vitamin D3
Thyroid

The final result

584 588
ASRNDETIDKER PS
AGRNDECIVDKIR PA
AGRNDEIIDKIR PA
AGRNDECIIDKIR PA
PATNQCTIDKNR QA
HRDKNCIIN QY
PENGDERITKDN QA
KYDSCEQVIDKIT QL

AAFG--KOKYL
AVEG--HHNYL
AVEG--QHNYL
AVEG--QHNYL
SIQG--HNDYM
SIQK--NMVYT
SMKR--KALFT
TIOQOKNLHPTYS

QOO rIg$

R
R
Q
R
R
Q
K
K

H <K B P RK



Nuclear receptors

\ hinge Multiple domains

100 200 400
Q13771 HUMAN  —

Interactions with
coregulators

NN
N

L. . 3 ~ Retinoic acid
DNA binding domain

Ligand binding domain

Nature, 2008, 456:350



testosterone

progesterone

mifepristone
or RU486
or Mifegyne™

DMT

NEW PRODE/CTS convert into the exact same esters of
testosterone found in the body after oral administration of the
following anabolic steroids:

#Methandrostenolone ( Dianabo
*Boldenone { Equi-gan
*Stanazolol ( Winstrol V

*¥Drostanolone (Masteron ®)

*Boldenone is the active ingredient in the anabolic steroid EQUI-(G AN

*Stanazolol is the active ingredient in the anabolic steroid WINSTROL Vi

*Drostanolone is the active ingredient in the anabolic steroid MASTERON®

GAIN INCREDIBLE MUSCLE SIZE AND STRENGTH!



The final alignment depends on its ‘‘history”

Example 1: Fixation of gaps in the alignment

O\

n

|
H
asgNep

0 H
| T
>
H =
H T W
|
>
H -

H



The final alignment depends on its ‘history”

Example 2: Fixation of gaps in the alignment

' VN

>
@]
H
H
>

T A
- A

H

A
2 equivalent

>
0 O
!

H =

A C
A - GTA A G

| | |

A CTTA A CTTA A CTTA
A -GTA AGT - A A G-TA
A CGTA ACGTA ACGTA

optimal inferior inferior



The pairwise sum approximation for the score
has no simple probabilistic interpretation

Probabilistic score, two sequences: log [ P(Xi,yj)/qXi qyj]

Probabilistic score, three sequences: log [ P(Xi,yj,zk)/q q.q9. ]

xi y] “zk

= log [P(x,y)/q q 1+log [P(x,z)/q q,]1+log[P(y,z)/q q,]

X1 7Y] J

C

As 1f x descended from y AND z

There 1s no single parsimonious ancestor shared by all 3 pairs...
( (Xinj) N (xUz)N (ijzk) = 1in general )



The pairwise sum approximation: tree-based weighting

Sequence to align:

H A D
E.t- l- t. H
xisting alignment: Q -1 x 0.5
S T A R —> S -1 x 0.5
S T I R P -2 x 1
P - A R —

total 3

The two upper sequences are fairly redundant: reduced weight



Tree-based weighting: an... electric method

Tension
\Y% >

4
3
2
1
I Tension
3

> Zero

I2
>

Il
L

Resistances = branch lengths (w,X,y,z)

Weight of a leaf = electric current



Where should the list of homologues stop?

ID % Length
# Swissprot Name Description Score E Identity aligned
1 P15207 ANDR_RAT Androgen receptor. 162 le-40 100 713
6 P19091 ANDR_MOUSE Androgen receptor. 162 le-40 100 73
14 Q63449 PRGR_RAT Progesterone receptor 136 le-32 80 72
17 P06401 PRGR_HUMAN Progesterone receptor 136 le-32 80 72
21 P08235 MCR_HUMAN Mineralocorticoid receptor 136 le-32 79 712
33 P04150 GCR_HUMAN Glucocorticoid receptor 131 3e-31 77 72
41 Q9YH32 ESR2_ORENI Estrogen receptor beta 99 3e-21 58 712
42 Q9YH33 ESR1 ORENI Estrogen receptor alpha 98 4e-21 55 712
343 Q9N4Q7NH13 CAEEL Nuclear hormone receptor nhr-13 54 8e-08 39 66
344 Q23294 NH11 CAEEL Nuclear hormone receptor nhr-11 54 8e-08 42 66
345 045460 NH54 CAEEL Nuclear hormone receptor nhr-54 54 le-07 37 67
346 Q09565 NH20 CAEEL Nuclear hormone receptor nhr-20 51 7e-07 34 66
347 Q09587 NH22 CAEEL Nuclear hormone receptor nhr-22 45 5e-05 32 66
349 P17672 E75B_DROME Ecdysone-induced protein 75B 40 0.001 37 47

e

The E-value: see exercise



The procedure above is commonly used, and implemented in a
standard program: ClustalW

Main refinements used in ClustalW and elsewhere:
Ideas?

Multiple sequence alignment is still a research topic



The procedure above is commonly used, and implemented in a
standard program: ClustalW

Main refinements used in ClustalW and elsewhere:
- position-dependent gap scores
- use of different scoring matrices in different parts of the tree
- schemes to iteratively reshuffle and refine the alignment

Multiple sequence alignment is still a research topic



Experimental testing is needed

e Site-directed mutagenesis of
conserved residues

e Detecting an interaction with a
substrate or inhibitor

e Determination of the 3D-structure!




Alignment as a structural model

 Proteins have a specific 3D structure, stabilized by the physical
properties of their sequences

e An alignment can be seen as a physical model without explicit
evolutionary content: the “structure alignment” problem

* We can adopt this view even if the structures are unknown




Alignment of 30 tyrosyl-tRNA synthetase catalytic domains

SPIPOAGI9ISYY_ECOLI Tyrosyl-tR/1-423
SPIQSTPISISYY_SALCH. Tyrasyl-1R/1-424

1/QIC791/QLC791 YERPA_Tyrasyl/1-424
H/QILUOSIQLLUOS BAUCH_Tyrasyl/1-424
H/Q2BHES|Q2BHES_IGAMM Tyrosyl/1-432
$pIQSZISSSYYLVIEPA_Tyrasyl-t/1-419

SpIQSKW43/SYY_GEOKA_Tyrosyl-tR/1-419
11/Q251G4Q251G4_DESHY_Hypothe/1-420
$p/QBIID2(SYYI_BACC Tyrosyl-t/1-418
$pIQ72273(SYY1_BACCL Tyrasyl-t/1-418
SpIQBE241/SYY_STRAS_ Tyrosyl-tR/1-419

1(Q264427/Q26H27 9BACT_Tyvosylf1-439
SPIQOMSTS/SYY_MYCHS_Tyrosyl-th/1-414
U(QIENOG(QHEW06. 9CLOT. Tyrosy/1-409
Q2K 728/Q2K725_RHIEC. Tyrosyl/1-415

R k]

SpIQO2HESISIY_RICCN_Tyrosyl-tR/1-411
11/QUESZ0/QAE6Z0_SRICK Tyrosyi/1-352
11/Q4P452/Q4P452_USTMA_Hypothe/1-543

e e e e e E T e e
5 orcoooooooooacooo s

S S AR ATE S

"
ATGT

SpIQSHTI2(SYY. CAMJR_Tyrosyl-tR/1-401 EKGEN
SPIQWFDOSYY_BORBR.Tyrosyl-t/1-480

VEBKMS Ks K]

Consenvation

3507 04 55T+3310T10000 w5+ 57 4350 250655331-306.620003642/00004553 347267

ToGT/24 26 5227332472434 0056450627 4505733

500470 7 45041435200532154556+7 57 4 0T0244 22542432265330335022073000

Quality

Consensus

“==SGQGISFTEFS TMLLQAY DFVELRKDY GCRLQ 1GGS DAWGH ITAGIDLIRRMGS -~ GEQAQAT G LT VP LLTKSDGTICFGKTEGGNAVIWLDPDKTSFY EFY QFWIRT+DADVVRY LKLFTFLSLEE TASGG

TEMKSNLL+ELR+RGLIAQETDEEGKLLAKLLEGGPYT LT CGFDPTADS LHLGHLVPLLKLRRFQ+AGHRP IALTGGAT GMIGDPSGKSEERKLLTKET VAEHAET IK+QLSKFLDFGDGFT E-+NKAIMVINYOWLGHLRT IDF LRDVGKHFSVRRMUARDS VICKR LERGQ -

Database of protein alignments: one per structural family
http://pfam.sanger.ac.uk



Multiple alignments:
some applications



Identifying conserved and thus functional residues

Alignment of 340 aminoacyl-ARNTt synthetases,
showing conserved residues only

Consensus ....... KQO........ R.YI...FR.E......... EF..ID...AF...........
1 SYD SHIF ....... KQ........ R.Y.I...FR.E....... -.EF..ID...sF....—-......
21 SYD BUC ....... KQ........ k.Y.I...FR.E....... -.EF..ID...sF....—-......
41 SYD BAC ....... KQ........ R.Y.v...FR.E....... -.EF..ID...sF....—-......
61 SYD SYN ....... KQ........ R.Y.I...FR.E....... -.EF..1D...sF....—-......
81 SYD HEL ....... KQ........ k.£f.I.. . FR.E....... -.EF..ID...sF....—-......
101 SYD BR ....... KQ........ R.f.I...FR.E......... EF..1D...sF....—-......
121 SYK1 S ....... Kr....-...R.£.I...FR.E...—-..... EF. . me.. . Ay....—-......
141 SYD HA ....... KQ........ R.f.v...FR.E......... E....D.... V...
161 SYK LI ....... Kr....-...k.Y.I...FR.E...-..... EF..le...Ay....—-......
181 SYK ST ....... Kr....-...k.Y.I...FR.E...—-..... EF..Te.. . Ay....—-......
201 SYK RA ....... Kr....-...R.Y.I...FR.E...-..... EF. . me.. . Ay....—-......
221 SYK NE ....... Kr....-...R.£.I...FR.E...—-..... EF..Ie...AF....—-......
241 SYK CH ....... Kk....-...R.Y.I...FR.E...-..... EF..Te.. . Ay....-......
261 SYK3 H ....... Kr....—-..... £f.1.. . FR.E...-..... EF..le-—————————————-
281 SYK3 B ....... Kr....-..... Y.I...FR.k...-..... EF..le-"—————————————-
301 SYH ME ........ e........ R.Y..... FR.E...-..... EF. . m... .- ——————————-
321 SYNCL ........ e..... -....Y. ... FR.E......... EF..Ie...AF....—-......
Consensus ....... KO........ R.Y.I...FR.E......... EF..ID...AF...........



Identifying functional residues

Alignment of 340 aminoacyl-ARNTt synthetases,
showing conserved residues only

Consensus ....... KQO........ R.YI...FR.E......... EF..ID...AF...........
1 SYD SHIF ....... KQ........ R.YI...FR.E....... -.EF..ID...sF....—-......
21 SYD BUC ....... KQ........ k.Y.I...FR.E....... -.EF..ID...sF....—-......
41 SYD BAC ....... KQ........ R.Y.v...FR.E....... -.EF..ID...sF....—-......
61 SYD SYN ....... KQ........ R.Y.I...FR.E....... -.EF..1D...sF....—-......
81 SYD HEL ....... KQ........ k.£f.I...FR.E....... -.EF..ID...sF....—-......
101 SYD BR ....... KQ........ R.f.I...FR.E......... EF..1D...sF....—-......
121 SYK1 S ....... Kr....-...R.£E.I...FR.E...—-..... EF. . me.. . Ay....—-......
141 SYD HA ....... KQ........ R.f.v...FR.E......... E....D.... V...
161 SYK LI ....... Kr....-... k. Y.I...FR.E...-..... EF..le...Ay....—-......
181 SYK ST ....... Kr....-...k.Y.I...FR.E...—-..... EF..Te.. . Ay....—-......
201 SYK RA ....... Kr....-...R.Y.I...FR.E...-..... EF. . me.. . Ay....—-......
221 SYK NE ....... Kr....-...R.£.I...FR.E...-..... EF..Ie...AF....—-......
241 SYK CH ....... Kk....-...R.Y.I...FR.E...—-..... EF..Te.. . Ay....-......
261 SYK3 H ....... Kr....—-..... £f.1.. . FR.E...-..... EF..le-—————————————-
281 SYK3 B ....... Kr....-..... Y.I...FR.k...-..... EF..le-"—————————————-
301 SYH ME ........ e........ R.Y. ..FR.E...-..... EF. . m... .- ——————————-
321 SYNCL ........ e..... -....Y.....FR.E......... EF..Ie...AF....—-......
Consensus ....... KO........ R.YI...FR.E......... EF..ID...AF...........




Identifying functional residues

Structural alignment of 30 aminoacyl-ARNt synthetases

N !‘k Ea. i '
A
O S

W

Consensus .......KQ........R Y. I...FR.E.........EF..ID...AF...........



androgen

Rev Erb
glucocorticoid
retinoic acid
estrogen

Template-based 3D structure prediction

KEstrogen receptor example

1) align its sequence with homologues, including
at least one of known 3D structure: the template

CLICGDE ALTCGSCKVFF GKQ -CASRNDCTIDKF CPSCRL YEAGMTLGA

CKVC F VLACEGCKGFF IQONI CLKNENCS INRNRCQQOCREF LSVGMSRD-

CLVCSDE C VLTCEGCKAFF VEGQH -CKYEGKCIIDKI CPACRY LOA LEA
R

CAIC VYSCEGCKGFF VRKDLTYT-CRDNKDCLIDKRORNRCQYCRYQKCLAMGM- - -
CAVCNDYASGYHYGVWSCEGCKAFFKRSIQGHNDYM-CPATNQCTIDKNRRKSCQACRLRKCYEVGMMKG-




Template-based 3D structure prediction

Estrogen receptor example

2) adopt a sensible or consensus main chain trace

3) build sidechains




Template-based 3D structure prediction

Estrogen receptor example

2) adopt a consensus main chain trace

3) build sidechains

Wurtz et al (1998)
J Medicinal Chem

In this example, the model was good enough to explain estrogen binding



Identifying orthologues and possible drug targets

A strategy to attack a pathogen is to identify an essential protein
that has no human orthologue, making it a potential drug target.




Identifying orthologues and possible drug targets

A strategy to attack a pathogen is to identify an essential protein
that has no human orthologue, making it a potential drug target.
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Distinct structures and chemical reactions in human thymidylate synthase
ThyA (top) and the essential analogue ThyX (bottom) present in many

pathogenic bacteria, including Helicobacter pylori
Science (2002) 297:105



Identifying patterns and
functional sites
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Identifying functional residues

Alignment of 340 aminoacyl-ARNTt synthetases,
showing conserved residues only

Consensus ....... KQO........ R.YI...FR.E......... EF..ID...AF...........
1 SYD SHIF ....... KQ........ R.YI...FR.E....... -.EF..ID...sF....—-......
21 SYD BUC ....... KQ........ k.Y.I...FR.E....... -.EF..ID...sF....—-......
41 SYD BAC ....... KQ........ R.Y.v...FR.E....... -.EF..ID...sF....—-......
61 SYD SYN ....... KQ........ R.Y.I...FR.E....... -.EF..1D...sF....—-......
81 SYD HEL ....... KQ........ k.£f.I...FR.E....... -.EF..ID...sF....—-......
101 SYD BR ....... KQ........ R.f.I...FR.E......... EF..1D...sF....—-......
121 SYK1 S ....... Kr....-...R.£E.I...FR.E...—-..... EF. . me.. . Ay....—-......
141 SYD HA ....... KQ........ R.f.v...FR.E......... E....D.... V...
161 SYK LI ....... Kr....-... k. Y.I...FR.E...-..... EF..le...Ay....—-......
181 SYK ST ....... Kr....-...k.Y.I...FR.E...—-..... EF..Te.. . Ay....—-......
201 SYK RA ....... Kr....-...R.Y.I...FR.E...-..... EF. . me.. . Ay....—-......
221 SYK NE ....... Kr....-...R.£.I...FR.E...-..... EF..Ie...AF....—-......
241 SYK CH ....... Kk....-...R.Y.I...FR.E...—-..... EF..Te.. . Ay....-......
261 SYK3 H ....... Kr....—-..... £f.1.. . FR.E...-..... EF..le-—————————————-
281 SYK3 B ....... Kr....-..... Y.I...FR.k...-..... EF..le-"—————————————-
301 SYH ME ........ e........ R.Y. ..FR.E...-..... EF. . m... .- ——————————-
321 SYNCL ........ e..... -....Y.....FR.E......... EF..Ie...AF....—-......
Consensus ....... KO........ R.YI...FR.E......... EF..ID...AF...........




Divergence within the family may be too great to use a multiple alignment
— structural, biochemical studies needed to infer functional pattern

Another protein example:

.. XXX
zinc fingers (TFIIB class) & Dy
X X
Database of conserved patterns )@\ C
. . . X
in proteins: ProSite Pr l e %Zn\é
http://prosite.expasy.org U N

PS51134 / #=77
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Database of conserved patterns
in proteins: ProSite
http://prosite.expasy.org

Functional patter ns sometimes
arise from converent, not
divergent evolution... sothat a
3D patternisrelevant, not a 1D
pattern

Two different
proteins binding

BMC Bioinformatics 2009, 10:182 two different sugars
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Coding, signals and patterns in DNA

e Transcription signals
e Restriction sites

e Splicing sites

e Regulation sites

e Methylation sites

To detect short patterns, special techniques are needed



Restriction sites

Restriction enzymes cut DNA at specific sites

5' GAATTC 3'

31 crraag 51 CcoRl

5' GTTAAC 3' Hpal
3' CAATTG 5'

5' GGATCC 3' . i
3' CCTAGG 5'

Antiviral defence; a tool for molecular biotechnology



Transcription signals: promoters

promoter terminator
\ Exon 1 Exon2  Exon3 /
DNA — T3 O—CrHm - - - - Y
l transcription
Exon 1 Exon2  Exon 3
Unprocessed mRNA 1T C— 11
5" cap
l 3" polyadenylation
splicing

Mature mRNA [H—AAA,

o— |
/ translation

protein




Transcription signals: promoters

3 regions upstream of the START allow RNA polymerase binding
and the 1nitiation of transcription of an ORF (open reading frame):
they form the promoter.

«“_10” -

66 29 ‘ .
-35 sequence Purine
sequence A
q A Thx s b Spectator strand
XXXRTTCGACAX XXX XXX XX XXX XXXXXTAT | XX KKK X _
XXXRAACTCETX XXX XXX XXX XXXXXXXATA XXXXXX
TTAXXXXXXXTXX
c Transcribed strand
 Start of

Local fusion transcription
Of the DNA



Transcription signals: promoters

The conservation (%) of the -35 and -10 consensus sequences is:

Tg2Tg4G78A65C54A45

i

TgoA95T45A60A50T96

#

“.10”
«“_35” .
sequence Purine
sequence A
AATXXXXXXXEXX
XXXRTTCGACAKXXXXXXXXXXXXXXXXXTAT
XXXXAACTETK XXX XXXXXXXXXXXXXATA
TTAXxXxXXXXXTxx
16-19 bases C

“TATA” or Pribnow” box

X

T T

XX XXXX
XX XXXX

5-9 bases



TATAA Binding Protein (TBP)

Nature, 2003, 422:534



Splicing sites

intron
Before splicing . GAGGAGGGlIgtgagtgtg............ ccteteeeeaglCTGCTC...
After splicing ...GAGGAGGGICTGCTC...

“GT-AG” splicing junction



Splicing sites

intron
...GAGGAGGGIgtgagtgtg............ cctetceceaglCTGCTC...

> A

\ ‘
i ATCA LI
“GT-AG” type = GAC G4
consensus ¢ ® \J G AC |
sequence = v T C A |

position

98.7% of known splicing sites



The discovery of splicing

1977
- Adenovirus
Richard Roberts Chicken
New England Biolabs albumin
1977 Pierre Chambon
Institut de Génétique

et Biologie Moléculaire

1; et Cellulaire, Strasbourg

. Ovalbumin gene is split in chicken DNA; BREATHNACH, R;

MANDEL, JL; CHAMBON, P (1977) NATURE 270:314-319
Philip Sharp, MIT



Prosite database of functional patterns in proteins:
http://www.expasy.org/prosite

Zinc coordination sites in nuclear hormone receptors

% % % ok
androgen CLICGDEASGAHYGALTCGSCKVFFKRAAEGK
Rev Erb CKVCGDVASGFHYGVLACEGCKGFFRRSIQQON

glucocorticoid CLVCSDEASGCHYGVLTCEGCKAFFKRAVEGQ
retinoic acid CAICGDRSSGKHYGVYSCEGCKGFFKRTVRKD

“PROSITE"” E NY

consensus CxxCxDxxxxxHFxxxxCxxCxxFFxR V{X#H
pattern J




Prosite database of functional patterns in proteins:
http://www.expasy.org/prosite

Zinc coordination sites in nuclear hormone receptors

* 0k * 0k
androgen CLICGDEASGAHYGALTCGSCKVFFKRAAEGK
Rev Erb CKVCGDVASGFHYGVLACEGCKGFFRRSIQON

glucocorticoid CLVCSDEASGCHYGVLTCEGCKAFFKRAVEGQ
retinoic acid CAICGDRSSGKHYGVYSCEGCKGFFKRTVRKD

consensus CxxCxDxxxxxXxHFxxXxXCxxCxxFFxR
“PROSITE” E NY
pattern R

PS00031 / #=443

Sequence &,
profile




Representation by a ‘“‘regular expression”
or search pattern

consensus CxxCxDxxxxxHFxxxxXCxxCxxFFxR
pattern E NY

C-x(2)-C-x-[DE]-x(5)-[HN]-[FY]-x(4)-C-x(2)-C-x(2)-F-F-x-R

grep format: C.{2}C.[DE].{5}[HN][FY].{4}C.{2}FF.R
perl format: C\Ww{2}C\w[DE\wW{5}[HN][FY\w{4}C\w{2 }FF\wR

http://www.expasy.org/prosite



Pattern matching: a naive algorithm

To recognize the polyadenylation motif AAUAAA in the sequence below:

AAAUAUUAAAUAUUAGACGAAUAAAAGUAUAUUU

we have the naive procedure:
e Find an A; assume 1t 1s the beginning of the pattern
* Test the following nucleotides one by one

 [f the match fails, start over with the next A

The method is far from optimal ( O(nm) )

Genome Res. 2000 10:1001



Pattern matching with automata

The following automaton recognizes the polyadenylation motif AAUAAA

Initial A A U A A A Final
OO O ORI ORI OR2 O s

Ua \{

All other transitions go back to O (not shown).

Example: target: AAAUAUUAAAUAUUAGACGAAUAAAAGUAUAUUU
state: 1223400122340010100123456



Automata: a vast area in computer science...

other

end-of-line

An automaton to remove comments from Java programs

Biological Sequence Analysis. Durbin et al, 1998, Cambridge U Press, chapter 9
Algorithms on strings, trees and sequences. D Gusfeld, 1997, Cambridge U Press



Multiple alignments: a 3 stage progressive method

Applications: functional residues, structure prediction,
phylogeny

Short patterns and signals: other techniques are needed



