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COMPUTATIONAL STRUCTURAL BIOLOGY
STRUCTURE , STMULATTION , FUNCTTION £
PREDICTION

Lecture &

Michael Levitt
Structural Biology, Stanford

http:/csb stanford edu/clas
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STRUCTURE PREDICTION

I

Why Predict Structure?

Unouledge—Based Prysics .

Critical Assessment of Structure
Prediction (CASP).

Predict Secondary Structure.

Side Chain Arediction.

Homology Modeling .
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4 Predict Structure
Concept 8.1

e IR e
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HUMAN GENOME

o Number of genes 25,000-40,000
(Psi- BLAST E-value < 0.00001)
® Number of Proteins 20,000-100,000
* Number of FProteins Released 29,802
(As of 1 Fb O2)

* Number Matching SCOP-1.€2 19,355
(Besed on Superl | Score )

We kave structural data on no more than 25% of

N T IR R
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HALF OF PROTEINS ARE NOVEL

Number of % Seguence matching
Species identified genes Supert-amily

Human 29,800 ¥4
Fly 23,467 L2
Worm 18,266 13
Yeast ¢, 703 ]
Mustard 25,581 1S

Gough et al. Assigrment of Homology to Genome Seguences using a Lirary of Hidden
Markov Models that Represent all Froteins of Knoun Structure. J. Mol. Biol. 313: 103

(2001).  SuperFamily at: hitp://supfam swe—tnb cam oc o/ SUPRERFAMILY. [Smn T

2004/Slide05.JPG [2/24/2004 12:13:34 PM]
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IS THERE A FINITE NUMBER OF FOLDS?

e Chothia’s 1,000 fold hypothesis .
° Each organism has their oun unigue protein seguences.
*About 50% n Eukaraotes so far (Human, Worm,

Flﬂ and Yeast have been se;umcd)

*About 30% in Bacteria so far (over 80 species
have been seguenced).

*Hou hard is it to evolve a new protein fold?

Gothia, C. One thousand families for the molecular biologist .
Nature , 257:543-544 (1992).

diisiled i sl I e, G2
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CHOTHIA’S 1,000 FOLD HYPOTHESIS

® If new structural fomilies are found and & fraction { of
these tum out to be one of M lnoun superfamilies , the
total number of superfamilies is estimated os Ny =M/F.

® The results so far indicate that Ny moy be mauch larger.

DATE Ng¢
1™ 570
1™ c15
1% T
175 10

® Carvently there are 1232 SCOP superfamilies (31 are found

in the Human Genome).

N T IR R
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CHOTHIA’S 1,000 FOLD HYROTHESIS

100

% Proteins
- (Mean GA%)
40 1T ‘
20 -
U | |
0 20000 40000 60000
100 .
% Seguence
801 (Mean 52%)
60 1o
T
40 o T e n
204
0 | |
0 20000 40000 60000
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©1,232 SCOP super—Families con
be assiogned to about 60% of
oll the 788,564 proteins in
W7 didferent genomes.

®How many super—Families will
cover the remaining L0% of
the proteins?

N T IR R
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Knouleolge—Baseol Physics
Concept 8.2 ﬂ

e IR e
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KNOWLEDGE-BASED PHYSICS

Energy Functions.
Environment .
Pairwise

Geometry.
Fragment libraries.

Simulation.

2R as NS ER) (IZH
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KNOWLEDGE-BASED ENERGIES

Native Randomized

*Count: pairs of centers of each at different
separations, r, to give Nij(r .

*Normalize by the expected t for a random

*Convert to additive score: Eij(r) = log(Nij(r)/ M.(r)).

N T IR R
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ENVIRONMENTAL ENERGIES

V¥ ——p

OCountnwnberaneigkbors at each distance and for
each atom or residue type to give N.(r).

*Normalize by the expected count for a random
arrangement: glven l:nj M.(r).

*Convert to additive score: E(r) = bg(Ni(r)/Mi(r)) b

N T IR R
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PAIR-WISE ENERGIES
B ot cotriution o

dist ances between

pairs of atom centers

,—l Attractiv | ";I.“ [ Repetv ) of a particular type,
% = e.q.D-OD1.. F-CD2.

‘ = - l '_I_[_r . N Nomali}e and take log

I [ to get Energy score:
% i_.-;:, E, (r)=log (N, (r) /M, ().
| |

r > r > st el 11 g2 004

@®
—
)
A
N
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W\IOWLEDGE BASED GEOMETRY
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@®(Cut a protein into over-—
lapping pieces for re—use.

*Maﬂ cluster to have less
reAuhAath

Jones £ Thirwp, EMBO J. S5, 819 (171¢)

Levitt , J Mol Biol 22¢: 507523 (197).

il a2
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FRAGMENT LIBRARIES

@ Byild any structure from a lilara.rﬂ of frogments.

otor S5-residue 20-
4-MER LIBRARY prel lilara.rﬂ, %

\ / “ V\l G protein of length N
A B C D

will consist of
(N-23)/2 frogments.

N e

J. Mol. Biol
(1A () AL (3) ADC 313: 277
(4) ADCC (5) ADCCB el el e 0,
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FIT AND COMALEXITY

TN ek et T iR 247, 4 7B [ st RIS
AL Wolodwy et o J Aol Biol. 323: 297 (2002) || decreases with
al | increasing

350 ! Complexd:ﬂ

Global cRMS deviation (A)
%]

7 residues J
2.5¢ 19Choose a 20-
2| 1 state 5 residue
1.5} 1 model as best
- 4 residues g
L 5 residues - = 1 compromise.

% "2 4 8 8 10 12 14 1 (20)1/1: L4T.

Complexity (number of states/amino acid)

N T IR R
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KNOWLEDGE-BASED SIMULATION

*Must use methods that do not reguire
physical continuity:

*Enumeration. Just try aifferent
geomet ries .

*Monte Carlo simulated annealing .

*Mean Field optimization.

et el e
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Concept 8.3
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WHAT IS CASP?

Critical Assessment of Structure Prediction.
Conceived of by John Moult in 17%.

Frst vun in 173 with December meeting in Asilomar.
Hos been CASP1 through CASPS.

fFour CASP categories: Moult et ol Proteins. 23: ii—v (1975)
*Secondary Structure.

*Homology or Comparative Modeling (CM).
*Fold Recognition and Threading (FR).
°Ab Initio or New Fold Prediction (NF).

bl el e g (0]
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CASP TARGETS

TM29 T TN To132
- -

CM[29] CKUFR{H) [22] FR({H) [&] ks
- LE=) = ri‘ l l)ii .-:g":d E‘I
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THE CASP PROCESS
Real deadlines .
Pressure to cut comers.

Resource management .
Group dynamics.
Collaboration vs. Competition.

Winners and Losers?

bl el e g (0]
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CASP STATISTICS

MEETING TARGETS PREDICTORS SERVERS PREDICTIONS

A1 % 35 35 0 100
AP 2 % 42 T 0 Y
(AP 2 B 53 B 0 2,807
AP 4§ 00 &3 132 20 11,136
(ASP5 07 @7 216 n 18,728

® The number of targets increased {rom
® Massive increase in number of

® Servers entered for the first time at

N T IR R
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HUBBARD AOTS

@ Number N

Hubbord . froteins

Lowest RMS for first Lowest RMS for first
40 residues aligned 80 residues aligned 54 » 15-n (1 11 '-').

oFind RMS of a non-—consecutive subset of atoms that fit "best™.

oGenerate all possible superpositions of three adjacent (A atoms.
obxtend each to include additional points. Re-—-superimpose.

@ Store louest RMS for each number of atoms in the subset.

N T IR R
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GDT-TS SCORE
oGDT is an obbreviation for "Global Distance Test”.

° The Prediction Center has defined a gudlity index, GDT-TS.
6DT-TS=100(6DT1 + 6DT2+ 6DTi+ 6DTs)/(INT)

where NT is number of residues in target and GDTn is maximum
MJMWMHAMMM.

(because any residue that is part of the GDTY subsel will abso be part. of the 6DT2, 6DTE
M@T?nigts,ﬂdsgimmtmgkttoﬂqcm&d:ﬁtmﬂ)

oGDT-TS is ukollﬂ suited to automakic assessment.

Zemla, Nucleic Acids Research, 21: 2370. (2002) .

sl il sl L1 i g2 (T
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ASSESSMENT

*Manual Assessment
*Subtle and Intuitive.

°* Inconsistent and Biased .

*Needed it early on to know what was important.
*Move to totally automated evaluation at CASPC?

® Automatic Assessment
°Levitt’s CASP] Experiences.
°*Must be one—dimensional measure.
olUse a simple sum of Z-scores.

http://localhost/SB228_Lec_8_2004/Slide25.JPG [2/24/2004 12:13:51 PM]
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CASP2 EXPERIENCES

"useo\iho\iCESPYOUIlo\eAloﬂ

evalugtors; did not select

i L

G smgle index

® This is bad as impossible

o rank in 7—dimensions

ot | @ What is more important

Alignment Accuracy, ACrct

i P\ccuracﬂ or Specificitﬂ?
1o Solovpev @ T CE ’ Bryant 7
-
— ® Must use 1—Dimensiondl
T e score for oLJectiue ranl«ing-
Cihoisson Moal
° 0o I.{J L 2::1 . 310 % 5;} . 5:3 "

Threading Specifity, TSpc Levitt , Proteins, Si: N (A177).

N T IR R
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SIMALE Z-SCORE_SUM
@ (hoose some index like Zemla’s 6DT-TS score.

@ bor each target protein, oet the mean score of dll predictions

as well as standard deviation .

@ Express each individual score as: Z-—score = (score—mean)/SD.

o If the Z—score is above a threshold, sum the Z—scores (do not
penalise for bad predictions ) .

@ Threshold will be between Z = O (lenient) to Z = 2 (strict).
Sum or awrage? Stll sulajeclzive! Il

s sl gl L0 g 0
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Predict Secondary Structure
Concept 8.4

e IR e
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PREDICT SECONDARY STRUCTURE

Predicting Secondary Structure?

Early History.

Neural Netuorks.

Multiple Seguence Methods.

Secondary Structure Prediction at CASP.

sl il sl L1 i g2 (T
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PRE'DICT ING SECON'DARY STRUCTURE

oy O f ]

%;“g” >, 1 Amino Acid

i (ﬁ;} ALHEASGPSVILFGSDVTVPPASNAEQAK
ii%ﬁ 0 aoaaattttpPpPLLLppPLL Lt tanaan
( O " J Secandary Structure

N

aNouﬂdtcbthsmdarﬂshrmthrmtkma\omdse;m
® Tuo geeral schemes relate secondary structure to seguence.

° Statistical: thhuo&acmktyeolrresi&umsincmk
ttfeol:smmdorﬂ structure.

° Pottems: Look for characteristic seguece pattems that define

the avds of heices, B-—-tums, etc. N
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SECONDARY STRUCTURE STATES

Nomallﬂ three states are delined:

STATE

ABBREVIATIONS

Alpha Helix

A

H

Beta Strand

B

E

Otler residues

t

C

E is for Extended chain.

t is for tum.
C for Coil.
L for Loop.

N T IR R
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EARLY HISTORY

o(hou—Fasman Second ary Structure (Chou
2 Fasman, 1T74) .

'Eﬁrltj CASP-like Test (Aolentjlate
Kinase , Schuly et al., AT7L)

*Amino Acid Classification (Levitt 1978).

sl il sl L1 i g2 (T
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CHOU-FASMAN SECONDARY STRUCTURE

Name P@ P@E) ©e(turn) @Find & out of € contiguous

Ala 1.42 0.83 0.66 residues with ) D> 1. Extend

Arg 0.98 0.93 0.95

Asp 1.01 0.54 the helix in both directions until

Asn 0.67 0.89

cys 0.70 1.19 s a sekt OI: ll— Mﬁﬁm I’ES(JIIB

&l 1.39 EES

Glz 1 .11 1. 10 Hd:!\ an ﬁllﬁ"@ﬁﬂ Ka()<1-

Gly 0.57 0.75

His 1.00 0.87 oFind 4 out of 5 contiguous

Ile 1.08 1.60

Leu 1.41  1.30 residues have P(R) > 1. Extend

Lys 1.14 0.74

Met 1.45 1.05 the strand in both directions until

Phe 1.13

Pro 0.57 0.55 a set of &4 contiguous residues

Ser 0.77 0.75

Thr 0.83 119 with an average Kﬁ)(‘l-.,

Trp 1.08 R

Tyr 0.69 1.47 - _

b 1.06 = il Problem is that 11 of 20 amino acids |
Gou £ Fasman. Prediction of Protein Favor two fﬁ%"ﬁmgli@ﬁ'ﬁ structures ,

Conformation . Biockamistry, 13: 71245 (AT4).

N T IR R
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EARLY BLIND EXPERIMENT

o First truly blind test. It wos organised by the crystallographer
dbout to sobe a structure (Georae Schuly, adenglate Linase).

® About 60% correct (more dbout this laker).

® Consensus better than any one prediction.

Schaly, 6. E., C. D. Bary, J. Friedman, P. Y. Guon, 6. D. Fasman, A V.
Findelstein, V_ I Lim, O. B. Piibspn, E. A Kabak, T. T. Wa, M. Levitt, B.
Robson and K. Negano. Comparison of Predicted and Experimentally Determined
Secondary Structure of Adenylate Winase. Natwre 250, 10142 (1774).

bl el e g (0]
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STATISTICAL PREFERENCES

o3tatistical secondary structure preferences have changed little since 1778.

¢ The preferences are wedk but significant .
1718

2001

a-HELIX B-SHEET REVERSE TURN A m ino

AMINO ACID (P,) (Py) (2,) Acid o B other
Ala 1.29 0.90 0.78 ALA 1.472 780 784
Cys L.11 0.74 0.80 GLU 1.385 745 862
Leu 1.30 1.02 0.59 LEU 1.352 1.123 696
Met .47 0.97 0.39 GLN 1.332 .789 .877
Glu 1.44 0.75 1.00 MET 1.290 978 811
Gin 1.27 0.80 0.97 ARG 1.245 892 885
His 1.99 1.08 0.69 LYS 1.161 .828 975
Lys 1.23 0.77 .96

VAL 894 1.806 672
Val 0.91 149 0.47 ILE 1.020 1.712 632
lle 0.97 1.45 0.51 TYR .974 1.466 .786
Phe 1.07 1.32 .58 PHE L0962 1.417 .819
Tyr 0.72 1.95 1.05 TRP .989 1.271 873
Trp (.99 1.14 0.75 THR .759 1.245 1.044
Thr 0.89 191 103 CYS 748 1.209 1.070
Glv 0.56 .92 1.64 PRO .409 455 1.678
Ser (.89 0.95 1.33 GLY 444 644 1.560
Asp 1.04 0.72 141 Agf" 1835 -24? :ggg

: ASN 7 671 .

E B B
Arg 0.96 0.99 0.88 HIS .922 1.035 1.037

Levitt , Biockemistry, 17, 4277 (A778).
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AMINO ACID O ASSIFICATION

Non—Polar

Alpha
Helix

Beta
Strand

Tum
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ELEM ENTf\R\; NEURAL NE T WORK
6

Lager O 301! =] [B] 5 ;sns

N\ | 7
Weights 1 3111 3111 311?. 311:«- 3115
gi*a

L-ﬁﬁ@.‘#‘ 1
311 - f(kii), (e sigmoid function

k11: Y, Tlt S"i, as weighted sum of
values on Layer O.
3 depends on type of amino acid at i
¢
I:(x) e 1/(1+up(~x)) \_‘__’é

Signaol Tri%ﬂ'

_Iﬁ
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®Connect all points in
one laﬂer to each
point in next laver.

® The value ot this
point is @ weig)l\tecl
sum of its inputs.

® The output of this
point is thresholded
to introduce non—
lmearitﬂ (like & real
neuron ) .

s sl gl L0 g 0
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TRAINING A NEURAL NET WORK

oA Neural net hes very

Calculated state of central residue is:
Many 6o Justoble ueigl\ts.

SLo= fOL)
R
‘ obor this reason, it is
Observed state of central residue is 1 eosy to over—leam.
helical, O i not.

Needtoodljlsttkernrmters‘}" ad 3 to

o t to extroct th
9e|;mlculateolstmtobesmnsabmwdste € hE o exEract TR

generﬁlt} oble information

Use a form of sl:eepesl: descent numm,cthm and so need to stop the
T i ——— 7| learning process early.
<
j/“/f ﬁ“ﬁmhﬁ
m—— | | 0 QL { GG m— bl el e g (0]
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SEQUENCE PROFILE

1 lbpi . RPDFCLE 'CRARIIRYFYNARKACLCQTFVY GGCRAKRNNF ESAEDCHMRTCGGA.
2 lbpi . RPEDFCLEFPPY PCRARIIRYFYNAKACLCOQTFVY GCCRAKRNNFESAEDCHMRTCGGA.
3 lbzxI . RPEDFCLEPPY CEKARIIRYFYNAKACLCQTFVY GCCCRAKRNNFESAEDCMRTCCGOA,
4 lfaklI .APDFCLE TDCEPCRALHLRYFY NAEKAGLCQTEFYY GCCLAKRNNFESAEDCHMRTC. . . .
] lbunB . RHPDCDI DTELICQTVVRAFYYKP SAKRCVOFRY GGCHNCNCGNHFESDHLCRCECLEY.
6 1b£f0 PEWYCEECVRI CECRRQF S SFYFRWTARKRCLPFLF SCCGCHNANRF QT ICECRERCLGK.
r __-H_'
+ 3 lbpi PP YTAG
B .| @ position

" 1bpi i For each along the
i 11fazﬁ segueace, tabulate hon often

a rF ¥ G -
e 4 = each of the 20 amino acids
6 1b£0 - : occur (also count the aop

denoted " .").
¢ Cowert to freguocies.

* A prolile is duays 21 by N no
matter nok many seguences
Also called Position Sensitive

OHFOOCO0O000000000OROKHOD ||kt O I I I =l o
00000000000 0000CV0C O NN OO0 N
(e]lalelolalalalolalalel Y Jololelele] Jole "UHHEHHH
(elelelelelelelelololele] Jolololeli)[aloley “EEEE
0000000 0OMO00000000000 | i

(o] “leleleleleleli[elelelelelelelelelelele < mmm N

(o' Nalalale] Helslslslalalalelalals] ola) W oK KK
CO00OROOOCO0OO0O0OHOOCOOHOO ([H M U 1 1
(elelolelelelolelolalele] Holali [olalelalel

E
K
0
-,
F KE<HUBOWZRHRHIQRED QY

Scoring Matrix . ET——
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ROST 1973 NEURAL NET WORK

Start with Multiple Seguence Aligrment

Protein| Alignmentg

profile table

w0 ) -

C“TMO=0 TZCQUDTOOUEMTWD  smded )
TESO YVH<OZOTOO<>YD <—==<0O"
TR0 YO=ZO-NTOO<SmMTYD <O
-~ MeE0 TRAOZODVOONBTD <m<0

=R HED VR<SQZOTOOMmP RO

GSAPD NTEKQCVHIR LM YFW

5--1:‘ L B A @ & & & & & & § & @&

—— 5
....... 2 N i I
................. S|
v e -.,"_i'
s O
o T ne PEIETR [+ 00"
----1--21 2 "-"
& Lol 2
o---.s = 8 8 -'---
o -51: . & N |---I--"--"
il o 3 o
. R, [* e
P ...
A . T
. -I- 1-12- " e 's"“
1-!5:. & @ @ & & 8 .:“1"“
Ko s ™
R -5- -
0 Hy R e e sy *,
.. T LR 5 b

Rost & Sander. Improved Prediction of Protein Secondary Structure by Use of
Seguence Profiles and Neural Netuorls. AVAS. 90: 7558-7562 (19%).

N T IR R
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® Neural net is almost

PositionBased

Scoring Malvix

[R:w proﬂefrunF'Si-HLASTngFia]

identical to that used

lxj Rost £ Sander.
@ Use PSI-BLAST to
both [ind similar

.‘I_‘Jua-‘. ﬂul‘ﬂﬂ.z Lok~ 3~
urz L] _.-". L .-ﬂ. ..q.

FRHESAGST T TaAT M nOMn O
oy i i e et s i i Y )
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m.l..ﬂ. 11111111111 nﬂw’t
!!!!!!!!!!!!!!! JL......—....
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seguences @nd to align
them . (QUICK)

§
—
5
3
S
J
g
5
i
L

set of proteins.

(lear winner at CASPL.

S e sl s g i

2nd Network

60 inputs

B0 hidden units

3 outputs

Window of 15x3

outputs fedto2nd —»
network

18t Network
L 315 inputs

75 hidden units

3 outputs
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SECONDARY STRUCTURE PREDICTION QUALITY

@ Determine secondary structure of soled protein by DISP or Stride.

levitt £ Greer_ Mﬁh&%&hﬂqﬁ:ﬁnmwﬁ
Protems. T Mol Biol. - 81-227 (1377).

Hyrogen-bonded end Geametrical Festmres. Biopokgners, 72- 757726

Kebsch, £ Sender. Dictiomery of frotein Secomdery Stractwe: Pakten ctiom of
o mﬁ).

56657 (195).

Fridinen £ Argos. Knouledge- Boged Secomdany Stractwre Assigroment . frotems, 73:

ALHEASGPSVILFGSDVITVPPASNAEQAK
aacaaxttttpppptttppptttttacaaa

Amino Acid Seguence
Actual Seoam\ﬁrﬂ Stracture

taaat%ﬁ:%?Eﬁ:;ﬁ;;ﬁigﬁizggaaaa

aacaaattttaaaatttaaxtttttacaaoaa
is is a terrible prediction

%Due to minor coordinates shifis, the secondary structure is uncertain to dhout 107%.
@ Thus on essentially perfect prediction would have Q3 of W%, provided the evor is

oniform over the seguence.
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HISTORICAL RECORD OF BEST PREDICTIONS AT CASP

CASP & YEAR NUMBER

BEST RESULT

TARGETS <Q3> GROUP
CASP1 1994 © 63 Rost
CASP2 1996 24 70 Rost
CASP3 1998 18 75 Jones
CASP4 2000 28 80 Jones

® @2 is the percentage corvect for a three—state model (egt:)

averaged over all the non-Comparative Modeling taraets.

® Steady improvement of about 5% per CASP (Mlj two Henrs)ﬂ
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Sidechain Prediction
Concept 8.5

e IR e
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SIDE CHAIN MODELING.

Basic Idea.

Simulated Annealing .
Segment match modeling .
Mean Field .

Other Methods: Dead—End Elimination.

Best Methods.

N T IR R
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BASIC IDEA

o Sidechains pack well
in protein intevior.

¢ If we delete oll the
sidechains, can ue
rebuild them?

(A Ritbon. (A Ritbon uith sidechains.
This is 56 vesidoe protein 6 (lpap pdb)

et el ol
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BASIC IDEA

@ Sidechains interoact
aith one another.

°“e.ﬂ also interact
aith the mainchain.

*Is rebuilding all the
sidechains a hard

problem?

Sidechain atoms are grow. Prolein is lile &
Mainchain atmmr:i]-

i e e el 1 g (el

http://localhost/SB228_Lec_8_2004/Slide48.JPG [2/24/2004 12:14:14 PM]



http://localhost/SB228 L ec_8 2004/Slide49.JPG

BASIC IDEA

9 Sidechains are either
buried or exposed.

® Which will be easier to
rebuild?

Sidechain atoms are aray.
Mainchain atoms are r:lj

et Ignadiy, G5
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SIMULATED ANNEALING

oNeed to solve the sidechain

X&B
This converges easilﬂ.
Manﬂ of the X angles of

the buried sidechains are
predicted to within 20°.

http://localhost/SB228_Lec_8_2004/Slide50.JPG [2/24/2004 12:14:16 PM]

Pacldlng Prola[ﬂn .

o Treat it as an optimization
problem and solve with Monte

Carlo moves .

cVa.rﬂ 6ll the Y torsion Gngles
until the packing is best.

otor as small protein, there

are over 100 v anglles .

Lee £ Sobbidh, J. Mol.
Biol. 117: 373 (A1MN).

N T IR R
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SEGMENT MATCH MODELING

(b) Add
mGInChGin
atoms from
@ Iil:rﬁrﬂ-

http://localhost/SB228_Lec_8_2004/Slide51.JPG [2/24/2004 12:14:16 PM]

(4) Repeat:

this ten

Test this buildi
all the sidechains

time end from the (A

ﬁu:‘Iktkt akoms

Levitt , J Mol Kol 226:
507 (11).

N T IR R




xtg % Do not work uith the y
torsion angles directly.
H\;O Q\%-( ® Rather have & probobility

X3 distribution for each varigble.

M""‘"".ﬂ ®let the sidechain interact
y velue onad then lower the elfective
temperature to get a precise

_p;

& X2 Y velue .
Lee, J Mol Biol 13G:
N (17%).

e e e IR R R
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MEAN HIELD

H | l.l.lEI "h.stil I.

X1 X2

25

fé%jg&”‘x

X2

|>

e, A (L

http://localhost/SB228_Lec_8_2004/Slide53.JPG [2/24/2004 12:14:18 PM]

X2

9 At high Temperature,
T, ol arrangements

are egually probeble .

eAs T drops, the
distributions get some
shape .

AL low T, we have
convergence to well-

defined ) values .

N T IR R
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GENERALTZED SELF-CONSISTENT MEAN-FIELD

LD

E(i,k)=U(.k)
+U(i, k, Backbone)
N

+ 3 SPGDUGK D

F=lys =l

Kodhl 2 Deloarme, J Mol Bid, 2T 13 (1TR).

http://localhost/SB228_Lec_8_2004/Slide54.JPG [2/24/2004 12:14:19 PM]

- P\nﬂ part of the molecule can

have multiple states wnith
probobilities P(i, ;).

e Use o Bolt}mann-qlike formula
to update the probabilities.

@ The sum of P(L,J) is alwoys 1.

ex 26))

o kT
th’w(l"., ) - Nroi(1)

Zj exp[ T ]

N T IR R
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GENERALTZED SELF-CONSISTENT MEAN-FIELD

Initial Model Possible Chains

3
/_/-’\ “‘f_l 'P_"...
- 4 " R '.

o

http://localhost/SB228_Lec_8_2004/Slide55.JPG [2/24/2004 12:14:20 PM]

@ Tkis scheme can work for
different side chain
conformations | for different
main chain conformations and
even for different side chain

®The Ley idea is that the
mean energy at any stage can
set the probabilities of any
state at the next stage.

Hodl & Delarue, CGurr Opn
Struct Biol. ¢ 777 (ATC).

N T IR R
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SOME OTHER METHODS

Dead End Elimination

tualuate all possible arrangements that can possibly be
part of the low energy packing.

Desmet et al. Natare, 35C:
529 (ATN).

Baclbone Dependent Rotomers

SCWRL (Side Qhains With & Rotamer Lilararﬂ)

Bouer et al. J. Mol Bidl.
2¢T- 12¢8 (ATT7).

s sl gl L0 g 0
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Homolo% MOoleliJ\g
Concept 8.6

http://localhost/SB228_Lec_8_2004/Slide57.JPG [2/24/2004 12:14:21 PM]
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WHAT IS HOMOLOGY MODELING

Seguencet! YHWS GPHVVIMGRL @

I
Segaenced? YHLSGV T IVINGKL

oRely on evolution’s re—use of successful components.

oTf Sequencet| is similar to Sequencettl,
then Structure#1 looks like Structured? .

N T IR R
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LOOP METHODS ARE VARIED

- Segment matcking .

®Graph Theoretical approach.

® Exhoustive enumeration approach .

®Ab Initio approaches.

http://localhost/SB228_Lec_8_2004/Slide59.JPG [2/24/2004 12:14:23 PM]

Levitt | J. Mo, Biol 21C:
507 (AT1).

Sanudrala £ Moult, J. Mo,
Biol. T17: 2871 (ATR).

Moult & Yames, Aolens, A:
2466 (A8C).

CASP hes not gjven much gpidence

N T IR R
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A MULTIPLE SEQUENCE ALIGNMENT

lepq
lepq
leprx
1rcpa
1nbba
1rcpB
1nbbE
1bbha
lcgo
laTva
1alvB
2ccyA
lekya
256bA
Infn

. .ADTKEVLEARERYFKSLGGSMKAMTGVA. . .K. ..
. .ADTREVLEAREAYFKSLGGSMEAMIGYA. . K. ..
. .ADTKEVLEAREAYFKSLGGSMKAMTGVA. . .K. ..
. .ADTREVLEAREAYFKSLGGSMEAMTGYA. . .
. .ADTREVLEAREAYFKSLGGSMEKAMTGYA. . .K.
. .ADTREVLEARERYFRSLGGSMEAMIGYA. . K. ..
. .ADTKEVLEARERYFKSLGGSMKAMTGYA. . .
RGLSPEEQIETRQAGYEFMGWNMGKIKANL. . .

XFAKPEDAVKYRQSALTLMASHEGRMTEYY . . .KGQAPY. .
. .QTDVIAQRKAILKQMGEATKPTAAML . . K. .GEA. .
. .QTDVIAQRKAILKQMGEATKPIAML . . K. .GEA. .
.QSKPEDLLKLRQGLMQTLKSQWVE IAGFAAGKA. . .DL. .
. . ADTKEVLEAREAYFKSLGGSMKAMTGYA. . .K. . .AF. ..

......... ADLEDNMETLNDNLKVIEKA. .. ......D...NARQVK .DALTKMRARALD . .AQKATEP .KLEDK
........... GQRWELALGRFWDYLRWYQ. . .T. . .LSEQVQEELLS SQVTOELRALMDETMKELKAYKSELEE. .. ................R.1SKELQ

HHNH?’!MHH
REREREES

. .DAEAAK . VEARKLEKTLAT. ..
. .DAEARK .VEARKLEKTILAT. .
. .DAEARK .VEARKLEKILAT. .
. .DAEARK . VEARKLEKTLAT. .
. .DAEARK . VEARKLEKTLAT. .
. .DAEARK .VEARKLEKTILAT. .
. .DAEARK . VEARKLEKTLAT. .
..NARQVE . AARNVIARTANS . .
.DAAQTK . ANVEVLKTLTAL. ..
K .DQA.YVQKSLAATADD . SKKLPALF . .
KF .DQA.YVQKSLAATADD . SKKLPALF .
P .ADAA .QRAENMAMVAKL. ..
DAEAAK . VEARKLEKILAT. .

DVAPLF .
DVAPLF.
.DVAPLF.
.DVAPLF.
.DVAPLF.
DVAPLF.
.DVAPLF.
-GHMGALY .
PWRAF . .

APIGW.
.DVAPLF.

LPAGTSSTDL.FG.
LPAGCTSSTDL .BG.
PAGTSSTDL.EG.
PAGTSSTDL .PG.
PAGTSSTDL.BG.

LPAGTSSTDL.PG.
PAGTSSTDL.FG.

PADSK...T.GG.
PADSK. ..T.GG.
AKGTE. .AL.PN..
PRGTSSTDLEGY. .

.QTERKAAIWA . NMDDFG]
.QTEAKAATWA . NMDDFG
.QTERKRAIWA . NMDDFG
.QTEAKAATWA . NMDDFG
.QTEAKRAIWA .NMDDFG
.QTEAKRATWA . NMDDFG
.QTEAKAAIWA . NMDDFG
.GBGTD. .KN .VGDVKTRVKEEFF(Q . NMEDVG
. .GDARPETWS . DAASEK
.DTAALPKIWE . DKRKFD
.DTRALPKIWE . DKRKFD

...... SEDSP .EMKDFR

.GETKPEAFGSKSAEFL
TEAKAAIV . . ANMDDFG

The some methods used to align & pair of seguences con be

used to align Many Seguences.

This is either very slow or approximate.
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ESSP STRUCTURAL ALIGNMENTS

FSSP: structural neighbors of 1bpi | Sane Family a5 Spti}

Please cite: L. Holm and C. Sander (1996) Science 273(5275):595-60.
Structural alignment by Dali
Notation: Uppercase: structurally equivalent with 1bpi ; lowercase: structurally non-equivalent with 1bp1

1bpi  ..REDF 1
1bpi  ..RPDF LEPPYTGP KARITIRYFYNAKAGL QTFVYGG RAKRNNFKSAED MRT GGA.
1bzxI ..RPDF LEPPYTGE KARIIRYFYNAKAGL QTFVYGG RAKRNNFKSZAED MRT GGA.
1fakI .. SEDF LEPPY[GE "ALTIRYFYNAKAGL QTF YGG 'AKRNNFISAED MRT .. ..
lbunB =~ rkRHPD DKPPDTKI QTVVRAFYYKPSAKR VOFRYGG NCNCNHFKSDHL RCE LEV:

® (ys are conserved, dlso A [;_2, (smcml) andh

aromatic residues even in distant neigkbors.

PPYTGP KARIIRYFYNAKAGL QTFVYGG RAKRNNFKSAED MRT GGA.

oy N = w N =
= iE e

® Gmﬂ residues are not structurallﬂ matched .

l\ttf’:/ / NHH‘Z .EW\'DI"—‘ELL GC ul(/ Aﬁlt/ 'FSS‘P/ 'F S'SP l\th’\v‘ s el 1 i )
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SERVERS AND META SERVERS

SERVER [ ) @ Server models atomic
wSGPAVVIMGRL —) AN/ > | | coordingtes from
2 0)% D NJ sequence .

® Metk a—Server combines

models from different
SERVERA

wscPAVVIMGRL ) [INN¢/
270)7¢

SERVER2
WSGPHVVIMGRL ) BLACI,(

SERVERZ
WSGPHVVIMGRL ) BLP\CK

N T IR R
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COMPARATIVE MODELING: SERVERS £ CREATORS

Comparative Modeling Targets

2

RANK GROUP N S

o At CASPL, the

25 3D-PSSM 4 .21 000[ cervers

genemllﬂ come

'l|

31 FFAS 2 2.5

R B = g from people who
do well .

17 JONES 5 = 3.84

11 MGENTHREZADER 5 4_.36

24 GENTHREADER 4 3.29 ® Sometimes a

18 FISCHER 5  3.63 server  does

18 INBGU 5 3.77 better than its

sEIEAESEOSIIANEEESE  creator.

22 SAM-TS9S9 a 3.44

28 BLUNDELL 3 = 2.83

23 FUGUE-CAM 4 3.43

| oo i o)
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META SERVERS ARE WINNERS

sMeta—Servers help their groups win at CASPS

® Meta—servers
RANK GROUP N ZSCORE 1, Letter than

1 Bujnicki-Janusz 39 471 individudl

_ gemrqg |

2 Ginalski 42 46.5 , Experts do
S -
meta—servers
7 Fischer 39 27.2 they have the
220N SHET 26 ENS meta—server
71 3DSN-INBGU 30 4.6 output .
el i )
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