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COMAUTATIONAL STRUCTURAL BIOLOGY
STRUCTURE , STMULATION , FUNCTION £
PREDICTION

Lecture 9

Michael Levitt
Structural Bioloay, Stanford

http:/csb stanford edu/class
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STRUCTURE PREDICTION IT

Fold Recognition.

Fold Recognition at CASP
Progress at CASP.

tarly ab Initio Hrediction.
Modern New Fold Prediction.
Winning NF Methods ot CASP.
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Fold Recogr\ ition
Concept 9.1

e IR e
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FOLD RECOGNITION

Comparative Modeling vs. Threading.

What is Thre aoling?
Protile Matching.

Deletions and insertions using structure.

Getting gooA alignments .
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COMPARATIVE MODELING vs. THREADING

*Both Comparative Modelmg aha ﬂreaoling use G lnoun
structure as a template.

¢In Comparative Modeling the target seguence is very close to
the template sequence.

® Recognition of the template structure is obvious.

@ Jn “reaoling the target seguence is not very close to the
template .

® Recognition of the template is a problem in itself , hence
the term "Fold Recognition”.

sl il sl L1 i g2 (T
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THREADING COVERS MORE OF PROTEIN SPACE

® A protein seguence is &
point in seguence space.

@ Structure is knoun for
these seguences.

=
lllllllll

e e el LI )
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WHAT IS FOLD RECOGNITION

Query Seguence: RVL GFIPTWFALSKY

Find the known fold that best fits the gUery seguence.

lcro pdb

Plus 1000 more folds.

sl el it
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WHAT IS THREADING

R|[V][T Query Seguence: RVLGFIPTWFALSKY

® Thread the seguence onto
the structure.

®{lse structural properties to
evaluate the Fit:

o Local structure

® Environment

® Pairwise interactions -

A Lknoun

structure:

e e el LI )
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SIMALE EXAMPLE
Quertj Seguence: RVLGGFIPITWFALSKY
Mamj goool interactions in this t\nreaolmg:

S ()G, P & Sat tuns.

.A_.F _______ .F (DR & K are exposed .
e & @ @ (3) Hydrophobic residues buried .

&0 O0—0 (4) Good pairnise interactions:
K S T P V..A, L..F, F..F,
W..I, Y..L, L..W.

N T IR R
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A DIH-ERENT THREADING
Query Seguence: RVLGFIPTWFALSKY

Not Many 900& interactions in this tL\TEO\Olf_hg:

R V L
O—e—0—0
o W o° (1) R & K are buried.
& & " ¢F (2) Polar T is buried.

o0—0 0—0O (4) Just one pair—uwise interaction:
e L P I W vV

N T IR R
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GAPS IN THREADING

Quertj Seguence:

R V L &
e—0—0—0

:La A F

OH ......... O

O .K .F ...... .I

S Y W P

Not good.
Expose Y £ W, bu K

and have just 3 good pairs.
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RVLGFIPWFALKYS

Male two 90pS .
Much better now.
All hudrophobic residues are
buriej ond have G good pairs.
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FROZEN APPROXIMATION

® Threading is like structural alignment.

°It cannot be solved by dynamic programming.

No optimal solution is guaranteed.

*Use the Frojen Approximation:

*Use the current alignment to define the

environment for the next cgcle.

*Continue to convergence..

sl il sl L1 i g2 (T
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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——
N T IR R
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PROFILE MATCHING

® We have two profiles each
built from & multiple-

Seg uence alighment .

2O OCOO
CLUoOOoCCOoOOoOO0o
HFRERHERHERERRW
Cw OCOHB

® One is built around a
seguence of & known

structure (from SCOP).

® The other is built around
the guery seguence.

00
00
9 2
0 2
0 4
01
4 0

NHOKRKRRW
OWmOOCOKM
HwoowmoR

i e e el 1 g (el
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PROFILE MATCHING

- Compare Profile 1 with

0023100341

1001700110 Pro&le'lusingadot
83010252104 .
BT 20027006 product . For the first
0900004000 element this is:
0040001143

0013040201 (104003 1)

(01 80 0 0 0)

1040031 (4020131123 (E s 0 10 T S0) 1= 22
0270000 |%2000341103 normalized to 4
0000900 |0200004000

4001040 (0031000242 _
1002006 0013030200 | @®Usethe resulting
gggggég ﬁgi;g'*; g i ;3 s‘irnilaritﬂ matrix for
0000090 |[0040001143 dunamic rommina, .
FETIELL (RELETEEX SR J P E
4100040 (0031100242

e b I e (e
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DELETIONS USING STRUCTURE

*Normally gap penalty increases linearly with size of gap for both

insertions or deletions.

oWith & lnoun structure, deletions should leave the ends of the gop

close in space so that the ends can easilxj be JoineA.

N T IR R
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INSERTIONS USING STRUCTURE

Temgplate:
Query:

*No insertions in the miololle of Segments of S‘ECOholﬁI"lj

ATy ATVY e

® Insertions should not be buried .

Good.: msertion
is exposed.
B &

ad: inserbion
is boried .

e e el LI )
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GET TING GOOD ALIGNMENTS SUMMARY

Combine many different components:
® Profiles from multiple seguence and structure alignments.
® Proliles from observed and predicted secondary structure.
® Residue environment . Exposed/Buried , Polar/Nonpolar .

® Ad just positions of gaps using structure.

sl il sl L1 i g2 (T
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Fold Recogr\ ition at CASP
Concept 9.2

e IR e
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FOLD RECOGNITION AT CASP

CASPL results.

CASPS results .

Fold Recognition Summartj.

o

N T IR R
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CASP4 THREADING: SERVERS & CREATORS

Threading Targets

RANK GROUP N ZSUM

o[ he servers

34 FFAS 2 k- S S
93 PDB-BLAST O 0.42 ger\erﬁug ComE FTOM

people who do well.

20 3D-PSsSM 4 4 .80

7 KARPLUS =9  13.91

23 SAM-TOO 4 4.64 eo[le creators are
10 BLUNDELL 5  11.37 G«lwﬁﬂs better than
75 FUGUE-CAM 1 1.19

their servers.

22 INBGU 4 4 .65
46 MGENTHREADER 3 2 .35
O

53 GENTHREADER 2 2.3 e —Ils
| et el I 06l
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FOLD RECOGNITION META SERVERS ARE WINNERS
*Meta—Servers help win fold recognition at CASPS

RANK GROUP N ZSCORE & Mot a_cervers
1 Ginalski 9 24 .2 Lejtea than
1NAalSK1 = " o
inAlvidual servers.
4 Bionfo.pl 6 16.8 s
48 BIOINFO.PL-BASICC 1 2.7
-
3 rEEkeE 8 19.5 Ee’;‘:ff;';tgtk‘ti
6 BAKER-ROBETTA 6 14.5
met a—servers
12 Fischer 5 9.0  Wth the meta-
15 3D-SHOTGUN-3DS5 5 g.0  Server output.
22 3D-SHOTGUN-INBGU 4 617 <)
20 Bujnicki-Janusz 5 6.7  SHOU & best
25 GeneSilico 4 6.2  self—contained
37 GENESILICO.PL 3 3.5 met a—server.

N T IR R
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Progress at CASP
Concept 9.3
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PROGRESS AT CASP

GDT Results at CASPY to CASH,.
Measuring T arget Difﬁcultg.

Progress ot CASP.

et el e
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EXPLANATION OF SCORING INDEX

O
0w
i e 157 residues 9 Give the predictor maximum leewiay .
O
< "
= 122 it to A
o 8 _F ®Find the largest subset of
: -
T g residues that match the native
§ - ) structure to thresholds of 1A\,
o 2 it & o o o
. & et 1A, LA and A
v ©
o _ . |
E o 15 Bt 1o 1A o If 82 residues match uith no
; (A deviation greater than LA\,
N B & to WA the RMS devigtion will be about
- 'Z/B\, 6 very close fit.

N T IR R
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..............
REARNRRREERARREN
---------------

Corvect if 40 or more

residaes within & A

|

Vencloves et dl.
Proteins, 37:
721 (1M).

BEST RESULTS AT CASM TO CASP

Corvect Out OF

M M o=

0.13n..-
>
S

5555
558G

Kl 0oL o= o9

sanp|sey JO JoquInN




http://localhost/SB228 Lec 9 2004/Slide27.JPG

MEASURING TARGET DIFFICULTY

40

30

* | | | | | | TI1E &
B 5 H mtim Mq ﬁ- Ti *
o
L
= E -
Y Gsiest
Tev#
By TIZI *
8 —_— TIZI_1® 1{ae
Tzt
=
¥ Harde
N 1 w2 Linizre s Tizg Ti1]
T, Tis,  Tige Tioz T2l L P
3 T ameprss]
iy oy T124 T|26e' '@ Tig
o TI T2 Ter e emis| LT
:*\. T T oo bd Ti16_1 *11h6 2
Tl L
I 136 peng—- . $T1D
.
@ 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
_qﬂ | g :;. | -

])bf&culttj (in one dimension

[rank(S%uence,Inolentitﬂ) ¥ mnk(chtion_Overlap):l/ /s
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CASP PROGRESS

®General progress from CASPY to CASPS.

100 -

%
90 CASP1
CASPS s best overall.
80 * CASP3
o CASP4
is T M CASP5
l"l" 60
! -y CASPL s best for
a hardest targets.
2 40
E 30 /\ —
A -
20 -
Vencloves et al.
10 Hotens 5%:
" 585 (2003)

b st )
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£ arlﬂ Ab Initio Prediction
Concept 7.4

e IR e
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AB INITIO EARLY HISTORY

Coordinate ond distance deviation .
Folo\ing 0s G random walk.
Very simple lattice models.

Minimf;) ation with restraints.

For

sl il a1 i
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EARLY HISTORY

@ 49C5: Gibson £ Scheraaa Minimize Small Peptides .
Giboon £ Scheraga. Movimization of Pokyeptide Energy, T. Prelminary Studies of Bovre
Pancreatic Ribonuclease S-Peplide. MNAS, 58: £20-42¢ ().

®419€9: Levitt and Lifson minimize entire protein structure.
Levitt £ Lifson. Refinement of Protein (onformations Using & Macramoleculor
Energqy Minimiyation Procedure. J. Mol. Biol. &C: 2¢3-777 (1%).

*A773: Pritsyn Packs Wooden Rod Helices for Mycglobin.
Pitsy. Stageuise Mechaniom for Probein Self-Organiation.
Vestnik Akad. Nauk. SSSR. 5: 57-¢8 (ATR).

®AT75: Levitt £ Warshel use simplified model to fold chain.

Levitt & Warshel. Compuber Simulation of

Protein Foling. Nature, 753: (%-LB (AT/5).

s sl gl L0 g 0
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COORDINATE AND DISTANCE DEVIATION

RMS Deviation of corresponding atoms ofter best superposition.

@ Coordinate Deviation , known as
% % %@J cRMS |, measures the deviation
of superimposed atomic positions
Gs G Yoot mean sguare.
A B C

Contoact Mop marls pairs of aboms close in space. No superposition.

? 113145 L;'!.‘gl"\glb: y 4 234 ‘5;-—__."\_? "lllb 'Digtme Jkuimtim) knmn Gs
1 J 1K |
0 ! : ' JRMS | measures the deviation
S i}{ ;5|_ LX) L4
A || r‘t-\l i 1
. 1 [X DA ( ( {

? ;ii  JEHHTRRR of corresponding interatomic or
4 | At i
g ‘ ! ? ] '% inter—(CA distances as a root

A M L § ' ; ' FOHEA- Hﬂﬁ

; T O 1 — off ""I‘i"ﬂm MeGN STUGKe.

xtended . . § contacls S —
Ji“ﬁ"‘ﬂl contacts " - et el 1 a1l

http://localhost/SB228_Lec_9_2004/Slide32.JPG [2/28/2004 10:47:45 PM]




http://localhost/SB228 L ec_9 2004/Slide33.JPG

FOLDING AS A RANDOM WALK

Random fold generation

gives native—ldee folds .
Fit to Native
ARMS =7 8A\

Rendom wallc on

lattice .

Self— auoio\u\g Gno
bounded .

Can extend the Use three—dimensional face—
chain in & ways all centered cubic lattice.

with a bond angle
of 120r. Levitt . Prokein Folling as a Random

Wak. Taniguicki Symposiom . (1777). )
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WIDE DISTRIBUTION OF FOLDS

The best fold of the random set (4 in 1,000 ,000) hes as
9000\ 6 dRMS 6s folds that are fit native structure on a lattice.

AL r’..il | fmuiu:‘i _ J"\

2L T v R0A i ! Vo
- Nali ! L\_,-:J ?' ‘%
4| . | 7 L o

—
F=
= i s Sl [ ] —
T
e,
.‘-
A pm
3

. e = =2 5
1 W 1 ] i
L= e ] ' Lad Pl —

f—
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—
=
T

—R-dwhhtg—»
| ¢
¥
g
&
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;
{
?
b

' 1 ..... _ H&__ﬂ_/— G

Z_ Rediss of Gﬂrﬁhﬂn Da'e
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VERY SIMALE LATTICE MODEL

@ Self—avoiding wallc on tetrahedral lattice
This gives:
2 A chain
? Sell — avoidance

2 Cmpﬁcthess

® Put every second residue on the lattice

> N

- 4

LT

®Can represent real proteins to S A

Hnds, DA. end M. Levitt. A Lattice Modd
for Proten Stractwre Prediction 6t Lo
Resoltion. MNAS. 83, 7526 7540 (117).
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POTENTIAL ENERGY IN TORSION SPACE

U= 2 K{,[‘l -cos(nd+d)]
All Torsion Angles

+2.¢] ("vr)"-z("%ﬂ

All nonbonded pairs
D 33299, /v
All partial charags
® A protein with N residues has about &N

((pjl']: x) sinale bond torsion anales.
® The same protein has about SON
Cartesian coordinates (x M ,))q

2004/Slide36.JPG [2/28/2004 10:47:49 PM]
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FOLDING WITH RESTRAINTS

Repeat folo\ihcj 15

times and look
6t structure.

F

Test on BPTT (58 residues,

515 atoms, 208 torsion
degrees of freedom ).

Use 16 W drogen bonds and
7SS Lric:\jges és restraints.
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Start folding at
open chain with
preformed segments
of secondary

structure

Restrained e
Hihimi}d:iﬂ\ and Malecular

anice. J_ Mol Biol

1i0: 12 (1) .
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FOLDING WITH RESTRAINTS

Plot energy Vs
RMS deviation

trom x-—ray
structure .

Want low

energy to be
at low RMS.

Torsion minimiyation

‘ L2000 T
LOOQ - TOB
T1T18 s
soo
T TOS
23~ -
T
LE E Ti4
400 T1S
R or
s iy
zoo | s
pagref12
T aa>
@
ok
@R2an,
D g—a— 2 3 4
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DIVERSITY OF FOLDS

Some are threaded properlﬂ_
Most are not.

cx n. col
RMS Dy, = OS5 A LA
ENERGT = © kel [l (1l.) +62 keal ast su.l
w=0 M09
<o Co
; CGE 62R qi
e 11'16 keal 163 keal +is1 kel

p A2 4
Some are as close as 3.4 A cRMS. ™ U7 we 423
Others are as far as 6.2 A cRMS. o -

N T IR R
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Modem Neuw Fold Prediction
Concept 1.5

e IR e
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MODERN NEW FOLD PREDICTION

Discrimination Pamoligm.
Ener% vs. RMS Plots.

Hierarchical Methods.

o
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A PARADIGM FOR PREDICTING STRUCTURE

@ Construct @ large number
of possible folded shapes.

@ Select the correct , native fold .

g
Need a good energy function 3

Need structures —
W JEC(IJ . el el | el ()

http://localhost/SB228_Lec_9_2004/Slide42.JPG [2/28/2004 10:47:55 PM]



http://localhost/SB228 Lec 9 2004/Slide43.JPG

ENERGY vs. RMS CARTOONS
J increases lnearly  © Can easily calculate
&

with distence from nakive.
(Tdealist’s view )

the energy of every

o\ecc»ﬂ structure .

® Want to find the
decoys that are
closest to the real
structure (low RMS).

® Are they also low
ehergﬂ?

L]
— RMS From Netive —» b )
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15

ENERGY VS RMS REALITY

¢ [here are low eneray

structures with low

RMS (©).

®The are high RMS

structures with lower

energy than low RMS
structures (©).

® There is some weak

correlation between

eneray and

RMS .

S e sl s g i
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ENERGY VS RMS

*This is a particularly

favorable case .

®The all—atom
l«houledge based

Energy ——

energy of Semudrala
and Moult Crapdf)

sometimes has a kigk
correlation with RMS.

™ xrAY

— RMS from Native —>

N T IR R
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HIERARCHICAL STRUCTURE PREDICTION

ILYLDRVLGIMAPTRWFAEALSKYNSTILML eAnino acid seguence .

%

U

*Simple lattice models
give all possible low-
resolution shapes.

/ ®3et predicted secondary
2” structure and add all—

atom detail .

dcore with knonledge~
O O Q based energy Function

[Beswoj [Bestw@ [Best soca S —
T e e I O R
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GET TING AN AVERAGE MODEL
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Consensus-based Distance Geometry structure .
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HIERARCHICAL PREDICTION DOES WELL
Does well at CASPZ (1998).

T46/adg 7.5 A( 49 residues; 66113 ) * TS&dnab 6.8 A ( 60 residues; 67126 )
v 2
.'; \
** T50/smd3 6.7 A (46 residues; 3075 ) *¢ T6/hdea 7.4 A (66 residues; 974 )

Vs

Sanadrala et d. Aotens, 37 (35): 1% (1MM).

e e el LI )
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FOLDING ENERGY FUNCTIONS

®Minimize all-atom energy with respect to all torsion angles.

®Augment the normal potential energy function with:
® Cooperative long~range hydrophobic interactions.
® Cooperative long~range hydrogen bonds.

® Forced exposure of charges.

N T IR R

http://localhost/SB228_Lec_9_2004/Slide49.JPG [2/28/2004 10:48:01 PM]



http://localhost/SB228 L ec_9 2004/Slide50.JPG

POTENTIAL ENERGY IN TORSION SPACE

H
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ENERGY MINIMIZATION FOLDS THE CHAIN

1000, 7.7A
A
I -
1400, 6 6A | ) i s
1600, 6.0A
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COOPERATIVE HYDROPHOBIC PACKING

®Cooperative hydrophobic compaction makes a good core.

Modified Potential .
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COOPERATIVE HYDROGEN BONDS

Energy of Both Hydrogen Bonds

e b I i (i
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COOPERATIVE HYDROGEN BONDS

*Cooperative hydrogen bonds give good secondary

structure .

Modified
Potential .

Original Potential

i e e el 1 g (el
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MINIMIZATION GIVES GOOD FOLDS

Native structuwre on left
R

168 3.7A 1d3b 5.5A
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Winning NF Methods at CASP
Concept 9.6
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CASPL NEW FOLD WINNERS

RANK GROUP N ZSCORE
1 Baker 15 39.40
2 Frilesner 6 13.51
3 Murzin 5 12.81
4 Skolnick-Kolinski 6 12.03
5 I-Sites-Server 7 10.15
6 GNM-Fr 4 10.06
7 Jones-Ab 5 10.02
8 Lomize-Andrel 4 0.88
9 Kollman-Baker 3 8.78

10 Levitt 4 8.66
11 SAM-T2k 5 8.42
12 Ram-Samudrala 4 7.80

http://localhost/SB228_Lec_9_2004/Slide57.JPG [2/28/2004 10:48:08 PM]

° Baler,
Skolnick |

[-Sites £
Jones dlso

do well at
CASPS

N T IR R




http://localhost/SB228 L ec_9 2004/Slide58.JPG

WINNING NF METHODS AT CASP,

http://localhost/SB228_Lec_9 2004

® Segment Monte Carlo. Baler.

® [-Sites method. Bystroff.

| attice Monte Carlo. Skolnick £ Kolinski .
® Threading & Monte Carlo. Friesner.

® Segment assembly. Jones.

® Segment Folding. Samudrala & Levitt.

® All-Atom Eher% Mihimi} ation. Keasar & Levitt.

N T IR R
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SEGMENT EXCHANGE MONTE CARLO

® Rich Bonneau, Jerry Tsai, Charlie Strauss and
David Baler using their program, Rosetta.

® Fragment swap Monte Carlo.
® Specially designed energy function.
® Cluster resulting folds to select the best ones.

® T_Sites also uses Rosetta.

o
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FRAGMENT INSERTION MONTE CARLO

Fragment: Librorg

— RVL

N\_/ RFL RVL
v EVL

/\ KVI -

N KVY

Simons et o J. Mol Biol. 268: 209 (A7)
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o(lse & librarﬂ of smaill
Fragments of similar

s€quence .

®Suap in 6 new Fragment

by setting six ((I))\'])

torsion angles -

®Accept move by Monte

Carlo and anneal .
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NEW POTENTTIAL IMPROVES RECOGNITION

. | T 1508 | @ Simons et al. derive 4
O 2 i
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-0.2

structure

12 e o 4

8
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Uom , Samons, Ruczindd, Keoperberg, Fox, Bystroll £ Bder Improved Recognition of
NativeLie fobein Structures Using a Combination of Seguence-Dependent and Seguence—

Tndependent Features of Roteins. Aotems, Zh: - (1779).
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LATTICE MONTE CARLO

¢ Joff Skolnick £ Aho\T}EJ Kolinsk .

¢ ots of experience with lattice models and Monte Carlo.

®Use a complicated lattice model for the side chain

centroids .

Ortiz, Kolinsld £ Skolnick. Nativelike Topology Assembly
of Small Aoteins Using Predicted Restraints in Monte
Carlo Folding Semalations. AVAS, 95: 1020 (178).

http://localhost/SB228_Lec_9_2004/Slide62.JPG [2/28/2004 10:48:13 PM]

s sl gl L0 g 0




http://localhost/SB228 L ec_9 2004/Slide63.JPG

COMALICATED LATTICE

—HeHeLAL 1 H L o Skohick & Holinskay.

O - AW+ ol TR N

olse a complicated

l[attice with many

choices for chain

extension .

% Use Multi—Replica
Monte Carlo .

Uolinsld £ Slohicl Assembly of frotein Structure From Sparse bxperamentol

Data: An Efficient Monte Corlo Model . Roteins, 22: L5 (1TRB).
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STRUCTURE PREDICTION BY MINIMIZATION

2 Mm::m}e special energy function with respect

to torsion angles (pl\i, psi and chi). i = 5;
® Add ener y terms for cooperative kﬂdrogen \&%% y l\_

bonds and hydrophobic compaction .

TA0? Sdbmitted 5 OA

Best T10? 2 2A

e e e IR R R
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ALL-BETA PREDICTION SUCCESS

®All-beta proteins are the hardest to predict.

® Torsion minimization does well on TA1h, an all beta—protein.

Prediction is somewhat similar

sl el it
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SEGMENT FOLDING MONTE CARLO

® Ram Somudrala £ Michaoel Levitt.

®se all-atom Lnouledge—based energy function (rapdf) with

G compaction term.

® Mdke moves by swapping the torsion angles of a 3—residue

segmeht .

o Reduce temperature during Monte Carlo run (simulated

ahhealihg) :

sl il sl L1 i g2 (T
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SEGMENT FOLDING PREDICTION

® Do_Monte Carlo moves with respect to (pki )

psi) torsion angles. Simulated annedling.

® (lse all—atom lf(houleAge-—B ased energy function.
Add terms to enforce compaction.

® Get reasondble (phi psi) angles trom real protein
fragments .

i e e el 1 g (el

http://localhost/SB228_Lec_9 2004/Slide67.JPG [2/28/2004 10:48:18 PM]



http://localhost/SB228 L ec_9 2004/Slide68.JPG

CASPS NEW FOLD WINNERS

RANK GROUP N ZSCORE
1 Baker 9 25.7
2 Shortle 8 17.5
3 I-sites/Bystroff 5 13.4
4 Skolnick-Kolinski 5 11.8
5 Sam-T02-human 5 11.3
6 Levitt 6 10.5
7 Jones-NewFold 5 10.4
8 Chimera 4 9.1
9 Tome 4 7.6

10 BAKER-ROBETTA 4 7.6
11 PMODELS3 4 7.6
12 SAMUDRALA-NF 3 7.3
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lo!j top ]
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® Met a—servers
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e(One server
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WINNING NF METHODS AT CASPS

® Segment Monte Carlo. Baleer.

® Shortle.

® I-Sites method. Bystroff.

® | attice Monte Carlo. Skolnick £ Kolinski.
® Segment Assembly. Jones.

® Samudrala Server .

o

N T IR R
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BAKER AT CASPS

Target sequence

!

PSI-BLAST, detect parents

v

Bioinfo Meta server
(Pcons2) Pcons2 score < 1.5,

PSI-BLAST e-value <=.001
or Pcons2 score »>= 1.5,
template methods

Wr:emodg
Sequence alignment PSI-BLAST, generate MSA, select 2 homologs
on to template (K*Sync) v
i Parse target and homolog sequences
\ 4

Build loops using fragment insertion : S
P g¢ 9 Obtain 3 secondary structure predictions and generate

fragments for target and homolog sequences

Select best models
Use fragment insertion to generate
decoys for target and homologs

—

Apply paired strand filter

H‘-"\-*.

Cluster target and homolog decoys

MAMMOTH search of cluster centers against
PDB- look for fold recognition hits

v

Select centers of largest 5 clusters

Assemble domains

Sequence
PSTI-BLAST
Bioinfo pl meta—server

1 homologues
4 predicted

secondarﬂ structures
Fragment insertion
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Structure match
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native model 4
T129: HIOB17 (full chain 1 182)

.---""'A PR

¢ by
model 1

native
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e

model 1-N

native-N
T173:Rv1170 (N-terminal region, 1-127)
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BAKER AT CASPS

*Rocetta does well on some

very ailficult targets .
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SHORTLE AT CASPS

Use (pki ,psi) maps to ﬂ
predict extended loops (\m

| common to homologues . (0 (0
w o m  Novel Ideas (O

J

Assemble luj joining
in middle of

auerlapping SECOhalﬁrlj
structure s:egmehts.
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CASPS LESSONS

®Medium targets improve steadily. %6DT TS doubled

Servers and meta—servers

Easiest Medium Hardest @ Edsiest targets

100

A o best at CASPS.

80 CASP3 Hand MOOlE[mta
CASP4

70 = = CASPS takes time

60

40

¢ Hardest targets

best at CASPL.
No new methods
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CASP_ SUMMARY

Did CASP lead to improved methods?
How can Meta—Servers be used mio\elﬂ?

Does CASP inhibit new methods?

sl il sl L1 i g2 (T
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THE END
of Lecture 9
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