Homology Modeling and
Structural analysis

-- some basic concepts and
examples

Ye Zhigiang
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Welcome to the RCSB PDB

The RCSB POB provides a wariety of tools and resources for
studying the structures of biological macromaolecules and
their relationships to sequence, function, and disease.

The ECSE is a member of the wwPDB whose mission is to
ensure that the PDB archive remains an international
resource with uniform data,

This site offers tools for browsing, searching, and reporting
that utilize the data resulting from ongoing efforts to create
a more consistent and comprehensive archive.

Information about compatible browsers can be found here.
& narrated tutorial illustrates how to search, navigate,
browse, generate reports and wvisualize structures using this

new site, [This requires the Macromedia Flash player download.]

Comments? info@rcsb.org
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&l there are 4093232 Structures &

| PDBE Statistics @

NEWS

m Complete News

m Newsletter

m Discussion Forum

0Z-January-2007

PDB Focus: Weekly
Deadlines for
Release/Modify Entry
Fequests

PDB entries are processed
by three members of the
wwPDB {RCSB PDB, MSD-
EBI, and PDB]) and are
released immediately,
when the carresponding
paper is published, or on a
particular date,

m Full Story .

http://www.rcsb.org/pdb




The Growth of PDB entries
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q But ...

The growth of protein structures falls
behind that of protein sequence largely.

The new sequenced genes require a
oroper prediction of the structure of its
orotein product, for the functional
orediction.




M What is homology modeling

Build the structure of the structure-
unknown protein (target) according to a
proper protein with known-structure
(template).

The template and target should have a
considerable sequence identity.

This is based on the rule: sequence
determines the structure.



NMR, x-ray
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Insignificant sequence similarity

AFPPLICATIONS

Studying catalytic
mechanism

Designing and improving
ligands

Docking of macromolecules,
prediction of protein partners

Virtual sereening and
docking of small ligands

Defining antibody epitopes

Molacular replacement in
X-ray crystallography

Designing chimeras, stable,
crystallizable variants

Supporting site-directed
muiagenesis

Refining NMR structures

Fitting into low-resolution
electron density

Structure from sparse
experimental restraints

Functional relationships
from structural similarity

"1 | Identifying patches of
¥ | conserved surface residues

Finding functional sites by
3D motif searching
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Baker & Sali



Why we require a sufficient
seguence identity?

The quality of the model is mainly determined by the
sequence alignment between target and template.

The automatic sequence alignment methods often fail
to generate good enough alignments because of the
low sequence identity.

So ...

‘However, combining other evidences to
improve the alignment manually will
generate rather good models, even if
the identity is low.



Structure comparison and
W similarity

Superimpose (structural alignment)
Translation (*1>3h)
Rotation (¥43))

Root Mean Square Deviation (RMSD)

In a structure alignment RMSD measures
how far the aligned atoms are from each

other on average

Structural equivalent atoms, or say,
counterparts




Iterate until the convergence

//-\

Adjust the Calculate the
superimposing RMSD
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Basic Operations: Translation
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Basic Operations: Translation
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Basic Operations: Translation
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Basic Operations: Rotation

S - W




q Root Mean Square Deviation
I

What iIs the distance

between two points a
(Xa ’ya)and b (Xb ’yb)
Euclidean distance: 0
d(a,b) = \/(Xa — Xb)* + (Ya— Yb)°

In 3D space:

d(a,b) = \/(Xa — X6)2 + (Ya— yb)? + (za — 2b)?




M Root Mean Square Deviation
|

After the structural alignment (superimpose),
d; represents the distance between the itA

aligned atom pair (there are n pairs in total),
the root mean square deviation is defined as:

1 n
rmsd = [= ) d?
\n le



M Quality of Alignment

Ildentical structures => RMSD = “0"
Similar structures => RMSDis small (1 — 3 A)
Distant structures == RMSD > 3 A



Structure Alignment (open

M problem)
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q Examples of homology modeling
I

Human PKU -- structural assembly
Rice EPSPS -- comparative modeling



Background of Phenylalanine
Hydroxylase (PAH)

Locus: 12924.1

EC: 1.14.16.1

Catalysis: Phe - Tyr

Phejg AMEADLTRIER, NHIEAGREN, TEMNEY
HAS . (HEYHPhefi it &, BT UATG EPAHK AL
HA R Tyr.

MPAH TAEANIE & AR, Iy Phedk I 5, 520
WL 1T . Phedt NHACH 5585, B RCR A B R
{Sghenyl ketonuria) \JREHEH, T PRPKUIE B4 HPA
NE

NEEHP &9 2%1/10000, autosomal recessive

\}



Regulatory domain

1 PAH protein
A

'r-i ""5.- y Tetramerization
b E\z‘\@ i domain

Catalytic domain

s (EEAKFE L, BIK452aa, MNuGRICH A
3/Ndomain: AT, AR IECRN DY S AR,
o HADRER B 2 P S 4k




q LA TP NSPAHR) 45 74)

2PAH: tetramer, 118-452, H. {598 4FH
/D R IE IR AR BRER R, LI PN SR B )
137-142, 5445 5E11131-143
(disordered region?)

1PHZ: dimer, 1-429, {H/ 2 +111-18,
137-142, 428-429k 2%




2PAH

1 1
1 1
1 1
™
1 1
ExY 1 1
1 1
1 1
1 1

—HWW— AV

vPWFPRTIEELERFﬂHEID”T AELDADHPGFEDEVYRARREQFADIAYNYRHGQEIFRV
120 130 1" ] 17

118 136

180 190 200 210 220 230

240 250 260 270 280 280

i i

EFﬂEFEEEIGLﬂELGﬂPEEYIEKLﬂTIYWFTvEFGLCKEGQEIKﬂYGﬂGLLEEFGELQYC

ioo 310 320 330 340 350

(=] (=] -'\-I.
—A\" VY ———
LEEKPKLLPLELEKTﬂIQHYTvTEFEPLYYvﬂEEFHEﬂKEKvRHFﬂﬂTIPRPFE?RY?PY

360 370 380 390 400 410

™
ExY

B A A A AAAAAAA A

TORIEVLDNTOOLETLADSINSEIGILCSATLOETE

420 430 440 450
452



1PHZ
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Alignment

Regulatory domain Catalytic domain Tetramerization domain
1 142 411 452

Human PAH dimer (2.0A)

| Human PAH tetramer (3.1A)

Rat PAH dimer (2.2A)




M Some points:
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j 2PAH & 1PHZ




Superimpose the overlap
region




Sequence alignment

PHZ {  &19) (A7d ]

PRH [ ---2 ) [ ——=> )

PHAH | 1) {56 ]
| 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |

PHZ {  &75) (A130 )

PAH { A1183) (A130 )

DHAH | 57) (112 )
| 1 1 1 1 1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |

PHE ( &131)FREANOIL----- | (A186 )

PAH ([ A131) FANOIL----- | (A186 )

PHAH | 113) svygael (168 i
| 1 1 1 1 | 1 1 1 1 | 1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 |

PHZ { &187) (A2dz )

PEH {  AL18T) (Azdd )

PHAH | 169 (224 )
| T T T T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T |

PHE { &243) (B298 )

PAH (  &243) (A28 )

PHAH | 2253 (280 )
| T T T T T T T T T T T T I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T |

PHZ { &299) (A35d )

BAH {  A299) (&334 )

PHAH | 2817 (336 )




In the process of model generating




M RMSD to its templates:

To 1PH/Z:
C-alpha RMSD: 0.67

To 2PAH:
C-alpha RMSD: 0.89

Note: these RMSD are calculated by
the correspondingly aligned residues.



An example of the iron ion site of PAH analysis

= Actually this analysis
doesn’t require the

tetramer model; only w'
those analysis in the /.-—--' A

Interfaces between -\ 2 ";e The?1s
monomers require o? of A
the tetramers. | \

Glu3d30

' Gly346 5290 .
@A 1a345 ‘
| ‘. i



q Modeling of rice EPSP synthase
I

Background of EPSPS

Search for the template of rice EPSPS
Align the target and the template
Build model

Optimization

Model check

Analysis



M Background of EPSPS

A key enzyme In the shikamate
pathway, which Is essential for plants

and micro organisms, but is lack in the
animals

Catalysis: PEP + S3P - EPSP

Glyphosate Is an inhibitor, whose
structure Is similar to PEP.

Thus, Glyphosate Is used as herbicide.
(How?)



! A two-domain architecture




Search for the template of rice EPSPS

Distribution of 56 Blast Hits on the Query Sequence

IMnuse-Dver to show defline and scores, click to show alignments

Color Key for alignment scores

<40 40-50 B0-200 *=200

| | | I | I
0 a0 160 240 320 400




Sequences producing significant alignments:

gi|13096161|pdb|1G6S|A Chain A, Structure Of Epsp Synthase Li...

g1i|442878 |pdb |1EPS |
gi|27573942 |pdb [1MI4|A

Chain

gi|40889351 |pdb|1Q36 |A

gi|56553616 |pdb |1P88 | A

g1 93278857 |pdb [2BIB | A

gl 46015460 |pdb |[1RF4|A

gi|3212265 [pdb |1A2N |
gi|2554683 |pdb | IUAE |
gi|7767099 |pdb |[1DLG|A
gi|9257148 |pdb [1EYN|A
gi|2392464 [pdb [ 1INAW A

Chain
Chain
Chain
Chain
Chain

!

!

!

!

:h-:l!-:l!-:h-:h-

Chain
Chain |,
Chain A,
Chain A,
Chain A,

, 5-Enol-Pyruvyl-3-Phosphate Synthas
Glyphosate Insensitive G96a M. ..
Epsp Synthase (Asp313ala) Lig...
Substrate-Induced Structural ...
Mycobacterium Tuberculosis Ep...
Structural Studies O0f Strepto...
0i|114794061|pdb|2GGD|A Chain A Cp4 Epsp Synthase AlalOOgly ...
0i|114794058|pdb |2GG4|A Chain A, Cp4 Epsp Synthase (Unligande...
Structure 0f The Cl1l5a Mutant ...
Structure Of Udp-N-Acetylgluco...
Crystal Structure O0f The C115s...
Structure Of Mura Liganded Wit...
Enolpyruvyl Transferase >gi|23...

Score
(Bits)

_426
425
424
_414

178

_136
_129
79.3
77.0
48.1
47.4
46.6
45.8
45.8

E

Value



> gi|13096161|pdb|1G6S|A B Chain A, Structure O0f Epsp Synthase Liganded With Shikim
Phosphate And Glyphosate

9i|13096162 |pdb|1G6T|A B Chain A, Structure Of Epsp Synthase Liganded With Shikimat

Phosphate

0i|66360419 |pdb|1X8R|A B Chain A, Epsps Liganded With The (S)-Phosphonate Analog Of

Tetrahedral Reaction Intermediate

qi|66360420 |pdb|1X8T|A B Chain A, Epsps Liganded With The (R)-Phosphonate Analog Of
Tetrahedral Reaction Intermediate

9i 90108682 |pdb |2AA9|A B! Chain A, Epsp Synthase Liganded With Shikimate

gi|90108683 |pdb |2AAY|A Bl Chain A, Epsp Synthase Liganded With Shikimate And Glyphos

Length=427

63

62

426 bits (1095),

pect = 5e-120, Method: Composition-based stats.
= 233/437 (53%), Positives = 298/437 (68%), Gaps = 17/437 (3%)
EEIVLQPIREISGAVQLPGSKSLSNRILLLSALSEGTTVVDNLLNSEDVHYMLEALKALG 62
E + LQPI + G + LPGSKS+SNR LLL+AL+ G TV+ NLL+S+DV +ML AL ALG
ESLTLQPIARVDGTINLPGSKSYSNRALLLAALAHGKTVLTNLLDSDDVRHMLNALTALG 61

LSVEADKVAKRAVVVGCGGKFPVEKDAKEEVQLFLGNAGTAMRPLTAAVTAAGGNATYVL 122
+S R ++G GG A+ ++LFLGNAGTAMRPL AA+ G+ VL
VSYTLSADRTRCEIIGNGGPL - - - -HAEGALELFLGNAGTAMRPLAAALCL - -GSNDIVL 115



GES
RICE |

GaS
RICE ¢

65
RICE {

I
RICE {

a3
RICE |

=65 ([
RICE {

65 ([
RICE {

EE
RICE |

One

possible alignment

217 ‘I‘-‘IESLTLQPIER'\FDGTII'-ILPGSKS'\FSNRELLLEELEHGKT“JLTI\ILLDSDD'\-’RHI‘-‘ILN(355

1l klaeeivligpireisgavglpgsekslsnrilllsalsegttvvdnllnsedvhyvymle (56

ASEIALTALG
S7i1alkalg

VEYTLEADETECEIIGHNGGPL----HAEGALELFLGNRAGTAMEPLAEALIC (A107
lsveadkvakravvvgeggkfpvekdakeevglflgnlagtlamrpltaawt (112

A2108) L --G 8N
113y aaggn|a

DI?LTGEPRMKERPIGHLVD&LRLGG&KITYLEQENEPPLRLQG——GFﬁ(ﬁIEB
tyvidgvprmrerpigdlvvglkglgadvdeflgtecppvrvikgigglpg(l6d

2160y GNYDWVD
1% gkwvkls

CEVESQFLTALLMTAPLAFPEDTVIRIKEGDLYVEEPYIDITLNLMETFGWVETI (AZ15
geissqgqvlsallmaaplalgdvelieiidklisipvvemntlrlimerfgvka(cid

AP1E) ENQ-HY
bl ehsdsw

O FPYYEGG YOS PG TY LYVEGDASSASY FLAAAATEGGTVEVYVTGIGENSM (2270

drfvikgggkvkspagnavvegdassasyflagaaitggtvtvggoegtts1 (280

A2Z2T1)QGDIRFADVLEEMGATICWGDDY ISCT------- - RGELNAIDMDMNHIPDAAMTI (2315

c8liggdvkf

gevlemmgakvitwtdtsesvijvitgpprrepvgkkhlkavdvnmnkmpdwvamt 1 (336

A1) ATAALFAKGTTTLENIYNWRYVEETDRELFAMATELREVGAEVEEGHDY IRITPPEEL (A374

337 avwvalf

adgptairdvaswrvketermvairteltklgasveegpdyciitppekl (3592

AJTS)NFAEIZ
393 nitaid

TYNDHREMAMCFELYVALSDTPVTIILDPECTAETFPDYFEQLARIS QAR (&d27
tvddhrmamafslaacadvpvtivrdpagctrktfpnvfdvlstfvrn (ddd




RMSD compared to the
W template

After generating the model and the
optimization, we can compare the C-
alpha RMSD between the aligned
residue pairs:

RMSD = 0.149



q Model check

Procheck:

http://www.biochem.ucl.ac.uk/—roman/pro
check/procheck.ntml



The active site of £.colf EPSPS
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q The most important is the analysis
|

Structural model Is just a model

Combining your experimental data to
generate rational mechanism
explanation is the most important



q Additional slides

Structural genomics
CASP
CAPRI
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