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;,.1. All gnment EXamp le

* Align the following sequences:
- HEAGAWGHEE

- PAWHEAE
- Gap penalty of -8, extension penalty of -8.
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A
I Global Alignment
( \
e Used Needleman-Wunsch algorithm F(i—1,j-1)+5x;y))
* Guarantees global alignment Flijl=max  F(i-1,j)-d
- F(ij-1)-d
H E A G A W G H E
24 | 32 | 40 | 48 | 56 | 64 | 72
P -8 -2 -9 -33 -42 -49 -57 -65
A -16 -10 -3 -4 -12 -28 -36 -44 -52
W -24 -18 -11 -6 -7 -15 -13 21 -29
H -32 -14 -18 -13 -8 -9 -13 -3 -11
E -40 -22 -8 -16 -16 -9 -12 -15 3
A -48 -30 -16 -3 -11 -11 -12 -12 -5
E -56 -38 -24 -11 -6 -12 -14 -15 -12

HEAGAWGH
- - P - A WHE
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Needleman-Wunsch Algorithm

* Very useful for global alignment of sequences:

VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASED 60
VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASED
VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLKTEAEMKASED 60

* Global alignment implies close evolutionary relation.
* What if two sequences are distantly related?
- A large middle section of a protein 1s deleted.

* Need to perform local alignment.
- Smith Waterman Algorithm.
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e [se Smith-Waterman

Local Sequence Alignment Algorithm

: 0
* Trace-back from the highest score Fli=1,j-1)+sx.p)
e Start from the largest score and trace back £ (ij)=max Fli1,j)- a’l /
Flij~1)-d
H E A G A W G H E
0 0 0 0 0 0 0 0 0 0
P 0 0 0 0 0 0 0 0 0
A 0 0 0 5 0 0 0 0 0
W 0 0 0 0 2 0 0 0
H 0 10 2 0 0 0 12 1 14
E 0 2 16 8 0 0 4 18
A 0 0 8 21 13 5 0 4 10 | 20
E 0 0 6 13 18 12 4 0 4 16
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Sequence Alignment Tools

* Many many tools on the web

* Most common and universally accepted sequence

alignment tools 1s BLAST (Basic Local Alignment Search
Tool)

* One other recommended collection of online tools i1s
EXPASY
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http://blast.ncbi.nlm.nih.gov/
http://expasy.org/

Basic Local Alignment Search Tool (
BLAST)

* BLAST is an algorithm/tool for comparison of biological
sequences

e BLAST applies to DNA, RNA and Protein sequences

* “Basic local alignment search tool” by Altschul SF, Gish W,
Miller W, Myers EW, Lipman DJ.

* BLAST can be downloaded and easily customized to ones
needs

* The algorithm emphasizes speed over sensitivity that is critical
considering the number of genomes (GOLD database) that
have been sequenced

* Much faster than S-W algorithm but can not guarantee
optimality of alignment
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http://en.wikipedia.org/wiki/BLAST
http://genomesonline.org/index2.htm

Overall Operation of BLAST

Prunes the entire database based on shorter sequences

Integrates the much smaller matching sequences, and performs
its own sequence alignment on the reduced sequences

Permits alignment of
— Protein to Protein (blastp)
- Nucleotides to Nucleotides (blastn)
- Protein to Nucleotides
- Nucleotides to Proteins

Can query against all known sequences or specialized
sequences (known function, known structure)

PDB has its own implementation (recommended for this class)
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* 1192:A NA+/H+ EXCHANGE REGULATORY CO-FACTOR mutated by 0.5 45 out of
91.

CAAATGCTTCCTTGTCTTTGTTGGTGTTATAAAGGTCCTAATGTTATTGCTTTTCATTGT

GTTATTTCTAAATGGTATCTTGGTCAATATATTGAAGATGTTGATAAACATTTTCCTGCT

ATGTCTGCTTCTATTATTGCTGGTTATGATTGTTTTGAAGTTAATAATAAAAATGTTGAA

AAAACTACTCATCCTGAAGAAGTTTCTTTTATTCTTGCTGCTCGTAATAATAAACGTATG

CTTCTTTGGGATCCTGAACAAGCTGCTCGTCTT

I

)

* ISFO

AHHHHHHGSK MIKVKVIGRN IEKEIEWREG MKVRDILRAV GFNTESAIAK VNGKVVLEDD

EVKDGDFVEV IPVVSGG




Assessing Structural
Similarity
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Why Assessing Structural Similarity

* Important in developing structure determination tool for
validation

* Important in discovery of functions for unknown proteins
(structure leads to function)

* Important 1n summarizing the core structural information in
PDB

- PDB consists of nearly 60,000 structures but not all of them
are unique

— Search for Lysozyme produced 1189 hits in the PDB
- How many unique protein structures are there in the PDB?
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What 1s Structure Alignment

® [dentify and quantify structurally similar regions of two
given proteins

® Backbone RMDS i1s the most commonly used method

® Assumes a-priori knowledge of portions of the two
proteins that need to be matched

® Example: #1:10-25 to #2:45-60
e RMSD score may not be fully descriptive of
similarity/dissimilarity
® [ ow RMSD score 1s conclusive
® High RMSD score is not fully conclusive
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bb rmsd =U8A
bb rmsd = 5.84
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Structure Alignment

*The number of characterized
protein structures 1s increasing
precipitously.

e Analysis of such vast amounts
of data requires automated and
fast methods.

*A number of structure alignment
methods have been introduced
over the past few years.

« DALI

« SSM

* CE

 MAMMOTH

e TALI (presented here)
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Protein Structure Representation

B Most methods operate as follows:

Secondary Structure composition
Connectivity (HBH versus HHB)

1
2
5. Orientation of SSE
4

100 T

Distance matrices (contact maps) o e
®  Distance matrices report pair wise 3 ]
Cartesian distances between all "1 =
backbone C_ atoms. ] —
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= Protein Structure Representation

*TALI utilizes backbone torsion angles.
*Any given structure can be represented as a 2-tuple of torsion angles.
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Angles

*Two structures can be converted to 2-tuple of angles:
* Structure 1: (-60,-40) (-60,-50) (-100, 0) ...

* Can use dynamic programming for alignment.

*A meaningful measure of distance 1s needed.

*Can use a number of analytical measures of distance.

* Structure 2: (-60,-40) (-60,-40) (-60, -50) (-100,10) ...

*Structural alignment can be reformulated as sequence alignment.

Structure Alignment Using Torsion

* How to measure the distance between two pairs of angles?
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s Protein Structure Alignment:
Torsion angle alignment

X

=2
}){)

*Score Function 1:
* Euclidian distance between (0, ;) and (0, V)

d 1@V @ ¥ M=l 0, +lw.. —v, )

¥ ] O=——=0——0
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7:  Protein Structure Alignment:
Torsion angle alignment (cont.)

=
)

)

*Score Function 2:
* Convert the density plot of Ramachandran space to —log().
* Distance between (¢, ;) and (¢, ) computed by:

d; = | R()d! e
) |

where L is the path connecting two points in space.
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Alignment Results

1) PSI-BLAST:
ckaks s Kk akkkak sakkes 2 KX 2 ok kx| IS S P LR . X x4 K, x . Sk RAKAK s okkk
264 HGDEBGLI LPPIVAPIQVVI PLIFKGKEDI MEKABEIYEBL——KGKFRVHIDDRDIRPGRBFNDWEIBGVPLRIEVGPKD ENKK ————————— ITLFRRDTME——KFQVDETQ
330 NGEE IRKINOOIN NS QVAVERP T VKNR PE — — RN @NONNONII ] AT.GLGRVLYEDTG—|\R €00 @10} AVEUN 3P VARVIDNGBEIC O SKDG T TRLK D T\YRRBIBERVIXO TRLHVDELE

2) TALL

. * * ok ke e * . * sk * * .

1 MLEF- SEWYSDILEKAEI ——D VRYP——IKGC GVYLPYGFKIRRYTFEIIRNL DE——SGHDEALFPMLIPEDLLAKE —————— AEHIKG---FE---DE---VYWVT---HGGKT-
1 —AAS S|HRNAVARGIRINEOPIFOS SE T - Y GCCLOG - V)4RaEINEVSRNNININNOIIININ VY E R D D—UIHEIRD AR INAERAS CHEAT FA--DP-MVDNAKARYWT PPRYFNMMFQDL--RG

* Kk Kk K * . . sk kk . okk X sk kK. * *  * . LRI . sk

91 ---QLDVK-- Ny - 7 R MK LWV KVETD- IKIYQIVNTFR{ETIPL EL STKE———YLISKRPEW DK
112 PRGGR-G-LLNEBEE T - [N N FKNV-L- DAT SRK L G CHUNOIEI VNP — T PRN - F I RS F —OVIoBSoRgay, - R P Gl et A NN I ONNSNS R EN LV PY QQPPESSA

LR *k o .. .. . . . .. * * . * ok ok ekkk.

197 FPG— AEYTMAFDTIFP GR-| MQIATVH - LGOS e —-FE———-————— ITIFETP--T-————- G———-Di N (IO {EIRS DRV IASTI IATH--——— GDEK———G——LILPPIVAPIQ

222 -H-YiNONQIRRNGNDY: - — CINHNHERVNGR T - [ )ysiNey: TKDOEALGI TARVLRNEHSTQRLAY RDPE T GK AR 4N HEINE DRGVLALLAEAF TREELPNGEER I VLKINS{OIN:N=NNX

* Tk, * * % . * * . . . * k. . x * ke KKK KK o o 0o

282 PLI F-KGKEDIVMEKAKETYEKLKG-KFRVH I DDRD - RO e - EN- KKKFQVDETQLMEVVEKTLNNIMENIKNRAW

338 WA--PLVKNR- PEITEYAKRLKARLLALGLGRVLYE——DTGQSKDGTTRLKDTQIRLH —————————————————— VDELEG
Wo 8 3

389 EKFENFITILEDINPDEIKNILSEKRGVILVPFKEEIYNEELEEKVEATILGETEYKGNKYIAIAKTY

435 FLRERL— === === = o m oo o RW

3) SSM:

ok * ok k.. * sk ok * e e *

1 RN SEWY SDILEKAE I Y|DAVAe Gkttt GVYLPYGFKIRRYTFEIIPNL D-ES- G DEALFPMLIPEDLLAYE eHIkGFe ———————————————— DEVYwWVTHGGKTQLDV-
1 aa S SINHRAANNGNINEGPIE'O - S s e 1 ygGLOGVi4ep4eINe NN\ IN eI v E R d DUIHEIN NS \IRNINARNgS o he AT fADpmvdnakarywt ppry ENMMF-QDLRGPRGGRG1

* K x * . [ LK os kK kK s kK KX se ke k . *  x T H *. K.

96 ETPIY}U mk1w- 'IKIYQIVNTFRYE KhT——RpLeI TFI\EAHTAHEAENQVKEAISIYKKFFDTLGI 5~ YLi SKRPE-WDKF >IN FD
119 1NeHNEE TSIl f knv1dat s rKLHCUNONE I NG T - P rn F - T IR - EFRPG renLV PYQQPPESSAH YN NRUONERY

** * % . ... * .. * X *** * . **
209 gLGE ————————————————————— IIFE-TPT- Gd - DRVIASTIATHGDE--------] PLIfkngDI
234 €SLELEGIAQRNID deqealgitarvlrnehstquAYRdPETgK—vDRGVLALLAEAFTReelpngeePLVk——nRPE
* Kk k 58 * * H * * . . * * .. :*: * kK ok : . x .
296 KG KFR- VHIDDRdIen ————————— KmmEKFQVDE TQLMEVVEKTLnn1men1knrawekfenfltlledlnp

350 NENRENGINONNIT A ] GLGrVLYEDT-GINEONGNNINNCUNIYAERVINGORNNC o s kdgt t r1 kd T EREBIBI - MEQ IRLHVDELEGFLRERLrW-—————=—=————————————————

404 deiknilsekrgvilvpfkeeiyneeleekveatilgeteykgnkyiaiakty
R R
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'm Fundamental Difference Between TALI
and Others
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*Other programs identify a set of regions in two
structures such that:

(sl =

*TALI identifies a set of regions in two structures such
that:

(A Bty &)+ rvsollrs, &) <o

*TALI identifies regions of deviation.




Alignment Result 2

2) 1cewi-1r4ca

R R R R R R SR - HEE R R S . I HE O
1 GAP——NPVDENDEGLQRALQFAMAEYNRASNDKYSSRVVRVISAKRQLWSG——IKYILQVEIGRTTCPKS—S—GDLQSC————E—FHDEPEM‘KYTTCTFVVYSIPWLNQIKLL———ESKCQ
1 ——GGPMDASVEEEGVRRALDFAVGEYNKASNDMYHSRALQVVRARKQIF—VA VAN SRARVAANESURNGINNO PN, — ——DNCPFHDQPHL - K — — — IS GAGREAORRE:NVAR O G TINMRISIK S TCQDA -

3) 1hngb-1a64a

LR R R R RS E SRR EEEEEEEEEEEEEEEEEEEEEEEEEEE S Ak Ak Ak hkhkhkhkhkhkhhk bk hkhkhkhkhkhkhkhk bk bk hhkhkhkhkrrhkhkhkhhkhkhkrrrkhk o« khkhkhrkxx

1 —HVWGALGHGINLNIPNFQMTDDIDEVRWERGSTLVAEFKNK KPFLKSGAFEILANGDLKIKNLTRDDSGTYNVTVYSTNGTRILNKALDLRIL-
1 GFVWGALGHGINLNIPNFQMTDDIDEVRWERGSTLVAEFKS——KPFLKSGAFEILANGDLKIKNLTRDDSGTYNVTVYSTNGTRILDKALDLRILE

U NI V ER S 1 T Y O F
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Alignment Result 3: Phylogeny of
L= class II amonoacyl-tRNA synthetase




Why Stop at Torsion Angles

*Residue-to-residue match score:
* Torsion angles
* Hydrophobicity
* Surface accessibility
*Sequence
* Distance from protein core

* Others?

Computer Science and Engineering

03/24/10 SOUTH(AROLINA




Protein S/R Kinase

~
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2 Why Not Multiple Structure
Alignment?
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an . :
Acyl Carrier Proteins

2FAC tieervkkiigeglgv--kgeevtnnasfvedlgadsldtvelvmaleeefdteipdeeae
11.0I tieervkkiigeglgv--kgeevtnnasfvedlgadsldtvelvmaleeefdteipdeeae
AcpP diaervkkividhlgv--dadkvvesasfiddlgadsldtvelvmafeeefgveipddaad
2J04 -—-natireilakfgglptpvdtiadeadl-yaaglssfasvglmlgieeafdiefpdnlln
1ACP tieervkkiigeglgv--kgeevtnnasfvedlgadsldtvelvmaleeefdteipdeeae
AcpXL atfdkvadiiaetsei--dratitpeshtiddlgidsldfldivfaidkefgikiplekwt
2EHS —-leervkeiiaeglgv--ekekitpeakfvedlgadsldvvelimafeeefgieipdedae
2FAC 1lHHHHHHHHHHHHH11--1HHH11111B11111111HHHHHHHHHHHHHH111111HHHHH
1L.0I 1lHHHHHHHHHHHHH11--1HHH11111B11111111HHHHHHHHHHHHHHH]1I1111HHHHL
AcpP 1lHHHHHHHHHHHHH11--1HHH11111B11111111HHHHHHHHHHHHHHH]1I1111HHHHL
2JQ4 -—-HHHHHHHHHH1111111HHH1I11111H-HHH111HHHHHHHHHHHHHHHII111HHHHL
1ACP 11HHHHHHHHHHH111--111111111111111111HHHHHHHHHHHHHHH]I1111HHHHL
AcpXL 1lHHHHHHHHHHHHH11--1HHH11111B11111111HHHHHHHHHHHHHHH]1I1111HHHHL
2EHS —-HHHHHHHHHHHHH11--1HHH11111B11111111HHHHHHHHHHHHHHEHI1111HHHHH
Scores 4588998889888889008788988987868888889988999988989887899889888

Computer Science and Engineering 03/24/10 SOUTH(AROLINA




A : :
Acyl Carrier Proteins
2FAC ek--ittvgaaidyin---g-hg-
11.0I ek--mttvgaaidyin---g-hg-
AcpP ds--iltvgdavkfie---k-ag-
2JQ4 nrksfasikaiedtvklildgkea
1ACP ek--ittvgaaidyin---g-hg-
AcpXL tg-——e—-————- VN———————————
2EHS ek--igtvgdvinylk-—--e-k--
2FAC Hl1--11BHHHHHHHHH---H-H1-
1L.0I 11--11BHHHHHHHHH---H-11-
AcpP 11--11BHHHHHHHHH---H-11-
2JQ4 11HHHHIHHHHHHHHHHHHHI1HHH
1ACP 11--1111HHHHHHHH---H-H1-
AcpXL 11---1---—- e
2EHS Hl1--11BHHHHHHHHH---H-H--
Scores 8800676606667866600060530

Computer Science and Engineering 03/24/10 SOUTH@ROL[NAn




Protein Kinase
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Protein kinase

nucleotide binding ****x*x*x%x* * ATP
1PME gvfdvgprytnlsyigygmvcsaydnvnkvrvaikkisp-f-ehgtycqgrtlreikillrf
10eL. ~  —=———- dylkllgkgtfgkvilvrekatgryyamkilrkeviiakdevahtvtesrvlgnt
1UNL --—-gkyeklekigegtygtvfkaknretheivalkrvrldd-ddegvpssalreicllkel
1Gz8 -—-—enfgkvekigegtygvvykarnkltgevvalkkirv-—-—------ pstaireisllkel
1PME 11111111BBBBBR11111BBBBBB11111BBBBBBB11-1-11HHHHHHHHHHHHHHHHI1
LOGL e BBBBEBBBR111BRBBBBBB111111BBRBBBBRBBHHHHHH111HHHHHHHHHHHHL 1
1UNL —-——-11BBBBEBBBBR1111BBBBEBB11111BBBBBBBB111-1111HHHHHHHHHHHHI11
1Gz8 —-——-11BBBBBEBBBR1111BBBBBBB11111BBBBBBBll-——————— 1HHHHHHHHHH111
Scores 0004348778888887687988888878777898979761303344378888898889778
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1PME
106L
1UNL
1Gz8

1PME
106L
1UNL
1Gz8

Scores

Protein kinase

(ATP) *** * (ATP)
frheniigindiiraptiegmkdvylvthlmgadlykllktghlsndhicyflygilrglk
trhpfltalkyafgth--drlcfvmeyang-gelffhlsrervfteerarfygaeivsale
lkhknivrlhdvlhsd--kkltlvfefcdgdlkkyfdscngd-ldpeivksflfgllkglg
Inhpnivklldvihte——nklylvfeflhgdlkkfmdasaltgiplpliksylfgllggla

11111B1111BBB1111111111BBBBBB111BBHHHHHHH]1111HHHHHHHHHEHHEHHEHHEH
11111B11BBBBBB11--1BBBBBBB1111-1BHHHHHHHH1 11 1HHHHHHHHHEHHHHHHEH
11111B11BBBBBB11--1BBBBBBB111BBHHHHHHH1111-11HHHHHHHHHHHHHEHHEH
11111B11BBBBBBB1—1BBBBBBB111BBHHHHHHH1111111HHHHHHHHHHHHHHHH

8898898787888876007887798878873755888877673887878888889898897
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Protein kinase

proton acceptor * **x* (ATP) * (ATP)

1PME
106L
1UNL
1GZ8

1PME
106L
1UNL
1Gz8

Scores

kyihsanvlhrdlkpsnlllntt-dlkicdfglarvadpdhdhtg-fl-teyvatrwyr
eylhsrdvvyrdiklenlmldkdghikitdfglckegisdgatmk-fc-g--tpeylap
gfchsrnvlhrdlkpgnllinrngelklanfglarafgipvrcysaevvtlwyrppdvl
afchshrvlhrdlkpgnllintegaikladfglarafgvpvrtyt-he-v--vtlwyr-

HHHHH11BB11111HHHBBB111-1BBB111111BB11HHH1111-11-111111HHHI1
HHHHH111B11111HHHBBB11111BBB111111B1111111111-11-1--1HHH111
HHHHH11BB11111HHHBBB11111BBB111111BB11111111111111HHH11HHHH
HHHHH111111111HHHBBB11111BBB1111HHHHH1111B111-11-B--111111-

78899888888988889989887478898889886677677678707707117667773

uUu N1V ERS 1T T Y O F
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Summary

*Structure alignment can be reformulated as a sequence alignment problem.
*TALI has been demonstrated to be successful in alignment of structures.
*TALI can identify points of structural differences.

*TALI 1s available online @ ifestos.cse.sc.edu




Future Directions
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