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COMAUTATIONAL STRUCTURAL BIOLOGY
STRUCTURE , SIMULATION, FUNCTION £
PREDICTION

Lecture 7/

Michael Levitt
Structural Biology, Stanford

http:/csb stanford edu/class
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BIOINFORMATICS II

Structure Comparison .
Structure and Seguence.
Structural Genomics.
Expression Patterns.
Discovering Drugs.
Diagnosing Disease.
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Structure Comparison

Concept 7.1
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STRUCTURE COMPARISON

Structure Superposition.

Gapped Superposition .
Structal.

For

o | dditdlicsmmedl i
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STRUCTURE SUPERPOSITION

(1) Get an eguivalence of points i structure A with structure B
For example, if these are tuo forms of the same proteins,
then atom @ of A is eguivaloxed to atom i of B.

(?.)&sp&ﬂnmtkem&nﬁesofofﬁmtkosaofﬂuﬁng-

r}g.":Trg'l-t, MMOF
where | is a rotation matrix and £ is a translation vector. £ 1 ‘Twe
been wrikben
on this
(2) Detemine T and t to minimize Z (ra - r’g)l- since 1726
Diamond, Acta Gft Md achlen Acta Gust A, Udbsdh, Acta Gt
AN, 252 (1%6). 18, ¢5¢. (19712) A32, 12. (177¢).

s sl gl L0 g 0
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SIMALE STRUCTURAL ALIGNMENT

.—:_:—.——. Molecule A (fixed )

® Molecule B

:—: Superimpose B on A #1
:—: Superimpose B on A #1
:—: Superimpose B on A #3
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2004/Slide06.JPG [2/17/2004 2:48:49 PM]



http://localhost/SB228 L ec_7_2004/Slide07.JPG

DISTANCE AND SIMILARITY

Convert: distance betueen (A atoms I and

j to similarity of i and j-
S;; = 20/(1+4,*/5)
Fd,=0,8;=120

1
¥ d" = 5,5, =10

Many  possible Si.i = l:(olij)f,

2004/Slide07.JPG [2/17/2004 2:48:50 PM]
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STRUCTAL IN ACTION

- -123 45 rms 1.96
I I brks D
1.2 34567 score 56

1. -2 =345 rms 0.65
I | (. brks 2
1234567 score 57

12 --3465 rms 0.23
| | 1 | brks 1
1.2 32 4 5 & 7 score 91

12 --3465 rms 0.23
| | I | | brks 1
1. 234 5 8 7 score 96
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Biol. 3, 11 (A9%).
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STRUCTURAL ALIGNMENT

Easu‘.]- Tufglohns ] S \’:
RMS=1.CA for 1235 %) (&)

Hm:\u';
RMS: ll.gvb\ fnr
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PROTEIN STRUCTURE SIMILARITY MEASURES

100
~ Db
23
§ 70
-_g
£
“§
¥
\

O 10 0 20 L0 50 ¢O 10 % PV 100

Rate of Fake Boitives (%) Structural alignment recognize

much more of CATH than

Seg.uence alignment does .
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Structure and Seguence

Concept 7.2
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COMPARING SEQUENCE £ STRUCTURE COMPARISON

Statistical Si.gndficance .
E—values

Similaritg Mmeasures .
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SEQUENCE SCORE DISTRIBUTION

Contour namber of accurrences with particular (Score N} value.

@ Include only those
pairs of seguences for
R proteins in different

' \ SCOP class.

@ None of these pairs
should be sig\dficmtlﬂ

similar

9 As the protein lmath
increases , the
seguence score for a
non—significant makch

increases nslogn-

Seguence Score
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SEQUENCE SCORE DISTRIBUTION

Contowr namber of accurrences with particular (Score N} value.

L
oo
40

e Include all pairs of
" | 7 SegUPNCES .
|
i

j Levitt £ Gevstein, ANAS,
0 - 50 450 ‘B; 56'13 (1‘m)¢

Seguence Score
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SEQUENCE SCORE DISTRIBUTION

Contowr namber of accurrences with particular (Score N} value.

13 \ Iqﬁ;- '
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Zcm~I l o4 [ ¢ b in same class,
10 r'-;'l’-'i i "‘E!"ﬁé‘ A '."'ﬂ ﬂ I B |
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2 . | i ﬁ‘ " ' L . )
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SEQUENCE SCORE IS EXTREME VALUE DISTRIBUTION

N is seguece length

%/”’\\50 // TN \<0
f 1 P

— loge ( P) —
\\x A
e
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‘ e d
A <00
2
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Seguence Score
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o For the extreme value
distribution ,
(2 )=exp(—Z-exp(-Z))
loge P(Z)=--2—exp(--2)

sFor Z > 0:
loge P(2)=—2

efFor £ < O:
loge X2 =—exp{2).
where z:(Sl:orE-—-mtﬂh)/SD.
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STRUCTURE SCORE DISTRIBUTION

Contour number of accurrences with particular (Score N) value

0 @ Include only those
pairs of seguences for
” proteins in different
140 Ka) class .
S -
2 @ None of these pairs
£ w should be significantly
= similar

¢ As the protein length
_increases , the Score
for a non—signilicant
match increases with

N, the match length.

§

1500 2000 2500
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STRUCTURE SCORE DISTRIBUTION

Contour namber of accurrences with particular (Score N} value.

o These "islands” are
the true positives,
S
< oInclude all pairs of
£ structures for
= proteins in SCOP.

@ [he distribution is
not as clean as for

Seg uences .
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STRUCTURE SCORE DISTRIBUTION

Contour number of accurrences with particular (Score N) value

4

®Sou additional pairs
in same class

: *?t'f:.ﬂ

e

e =
o
=

S

Nmatch

® Just pairs betueen
SCOP classes
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STRUCTURE SCORE FOLLOWS EXTREME VALUE

N is length of matched region.

==
. N=-75 |
s 3 —
L 0 200 400 600 80O 1000
_ﬂ_ ¥
< —
N-115
o A
0 200 S0 00 BOO 1000

exp(--Z)
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Structure Significance, l0g(E g4)

STATISTICAL SIGNIFICANCE
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SIMILARITY MEASURES

® The similarity measures that work best for both seguence and
structure comparison are a sum of scores for each match.

®These are not the normally used measures.
For seguence ue lle to use pacent identity (%ID).
For structure ue lde to use rook mean syuare deviation (RMS).

'Neithmorms&eﬂmExtmwkuJisbﬁhﬁnn%rrm
makches .

*Neither %ZID or RMS are relidle indicators of a significant match.
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Structural Genomics

Concept 7.3
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STRUCTURAL GENOMICS PROJECT

*Aim is to solve structures of all protein

seguences .
® This is too much worlk.

'Solwmwgl\sl:rmtmsoostobeabk
to model Hie rest.

®The number that needs to be solved
depends on our modeling ability.

et el e
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WHAT CAN ONE DO WITH STRUCTURAL GENOMICS

START

Template Search TARGET TEMPLATE
ASTLPRRL FGNCFOQTSDIGL X | ﬁ
TERTPL ':'f‘ljr:-.ﬁ.(;l""u(.l KIDO w
Target — Template PRERLATERASTQuOr :
Alignment | |

ASTLPERLFGNCEQTSDEGILEKTERTPLVPHISAONVCL KTDDVPERL TP

Model Building l

o+ Comparative or
Model Evaluation ! RN I-hnologﬂmoklmg

=

PRIBRPPPIRS

NO
OK?

YES Marti—Rebon, ARBBS . 79. 1 (2000).

END bl el e g (0]
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STRUCTURAL GENOMICS £ MODELING

|A View of Protein Space| — ®olve enough structures
so os to be able to
model the rest.

¢ The number that
needs to be solved
depends on our dbility
to model (the radius
of dashed circle).
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EXPECTATIONS FROM STRUCTURAL GENOMICS

°This is for

A a 250

£ w

§

: seguence that are

g "

E m

: " clearly homologous .
B 100%

" New fold ¢ The fraction of
il folds that are new
was 8574 in 1W7
and 307 on 1777.
Today i is less.

8% |

50% |

0% |

New family,

L homologous to known superfamily
o% - —
18987 1828 1888 1880 1881 1882 1883 1894 1985 1858 (P'zl‘;};j
New foid mooe ooz o=z w wuw w e 71 % |Brewmer £ Levitlt, Probein
New supertamity 2 6 8 1 17 23 % %5 e e 5
M a 2 4 [} 12 18 40 58 58 BT = | H H ( )
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JCSG CENTER

*% new folds out
of 57 deposited
+ am PDB files.
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BSGC CENTER

|. BERKELEY STAUCTURAL GENOMICSE CENTER

ABOUTBSGC

JOBS

NEWS

COLLABORATORS

WEB RESOURCES

STATUS

CONTACT US

The Berkeley Structural Genomics Center pursues an integrated structural genomics program
designed to oblain a near-complete structural complement of two minimal genomes, Mycoplasma
gentalitm and Mycoplasma preumoniae, two related human and animal pathogens.

Working closely with related cemlers across the country, we strive to present a global view of
protein famiies in nature and lo advance new resources for large-scale biological research.

Lawrence Berkeley Matonal

adminisiers the BSGC, in partnership with the Uinnversity of

Laboratory
California, Berkeley, Stanford Unbversity and the Uinsversity of North Carolina, Chapel Hill. We are
sponsored by the Mational institute for General Medical Sciences of the Mational Institutes of

Health

Lawrence Berkeley National Laboratory s stanford Uniwversity

University of California, Berkeley University of Morth Carolina, Chapel Hill

(B, UNC, LBL
Stanford
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(8% targets.
28 in PDB.
New Folds ?

Progress Summary

3BSGC

This page shows how many tangets have made il 1o each expermental stage. It only counts the
"best” form of each target, even if the target has been cloned and expressed multiple tmes. Le,
if an expressed target ks found to be insohsble, and later another expression system makes a soluble form of ithe

target, the target only appears once a5 ‘expressed” and "solable’,

Data last wpdated 2004-01-2% 17:44:23 PSTEPDT

[ Experimental Stage

thraf!‘lmt(l.’ﬁl_‘r:r;nrﬂ

|Sebected

JEB

08

Native dilfraction data

Phasing diffraction data

Traceablc map
Crystal stracture

a0
4% struchares | 35 targets

NAME characierizafion

20

HSOC 19

NMR structure 2 strsctares / 2 targets
In PDB A4 structures | 33 targets
S ey e
Work stopped 138
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MCSG CENTER

flﬁdwe&tm(} @nter
S#rm‘.r{amﬂ GeROMICS

» XML Files - TargetList - Progress - Statistics - Login -

< PSI

Site Search: _

Consortium Members:

Active Targets: 1325 L9

Crystallized: 318 ¥ Ak |
In PDB: 112 y ﬁ* ‘
New Folds: 15 wo =

1315 targets.
112 in PDB.
15 new folds.

The webpage iz under construction in W.Minor Lab
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NYSG CENTER

Research Consortium

SGXRC

Mission Statement
To develop and use the technolegy for high-throughput structural and functional studies of proteins.
Participating Research Groups
Albert Einstein College of Medicine
Brookhaven National Laboratory
Columbia University
Structural Genomics, Inc
Public Target Information

The Rockefeller University
University of California, San Francisco
Weill Medical College of Carnell University

Public Target Progress Repor
Download Public Target Progress Report in XML Format

Progress Statistics

Selected

Cloned:

'=""""F'5'5F'd BREA -IlIiI
Soluble 626 More Statistics

Furified: 472 %
b3 o

Crystallized 178: 5

Diffraction-quality Crystals: 1 Staachine Galiery

Mative d:.‘.-att-m-aaia 83; ﬁ,.
Fhasing diffraction-data: B3;

= = Model Toverage by
Crystal Structure: NYSGXRC Structures
Deposited in PDB:

Publications Flowchart lceDB Tools

Home Proposal
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New York Structural Genomics PSI

v Protein Structure Initiative

Contact

®Columbia ,

BNL |
Roclefeller |
UCSE, S6X Inc.

1713 targets.
73 in PDB.
? new folds.
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TBSG CENTER
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: v/ Consortium
T
Consortium

Click Genome to browse genes

Member Login

Community
Member Login

Home  MNews B Research Highlights — Consortivm Overview

Targets and Results

Stratedqy
Community Pages TE ORF Info Place
Assisted PubMed Search

Software

LOTI targets.
L3 in PDB.
? new folds.

Consortium Members
Consortium Policies Selected Publications
Opportunities Links to Related Sites Site Map

Mycobacteriophage Page
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SPONSOrs

sUCA,

Los Alamos

ORFs
#of #of worked
Stage ;
Experiments ORFs on by
Facilities
Targeted 4077 4 555
Cloned 2955 212 452
[ i =
S 2482 429
Expressec 1996 858 330
Solubility 1252 536 | 101
f 808 T3
569 40 5
g 546 22 51
ials
Crystallized 218 7 36
Diffract ng 148 nE 47
Xie o -
Data 434 78 16
Collected : = :
Phased 98 4
Model Built 98 : 4
Refined 73 3
Deposited 43 29 3
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Expression Patterns
Concept 7.4
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MICROARRAY BASICS
®(Ise position in array to distinguish immobilized
molecules (A, B, C?]), E, F,?’G, H, I, ]}.. )

®{lse o\ﬂe color (red or greeh) to olistihgms‘n source of
soluble molecules (a, b, ¢, &, e, [, 9, h, &, ).

A A ® Assume A only binds a, B only

,ej LY --'f 1“‘*& .
/a \ VTN binds b, etc.
l ¢ : : ':f;,ﬂ“\a )
fa Z I H fluorescence
Dd Ga u pattem to
C‘iﬁ l(lk
EE [ sl inga el | 0 g (17
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OLIGO DNA MICROARRAYS

®In DNA arrays, A, B, C, D, etc are short
single~stranded DNA oligomers of length ~15.

*Make DNA Y aYs Lﬂj pkoto-litkogrﬁpkg.

® Density can be very high (M um features).
1,3061,000 oligos per chip.

®Need several dbout 20 oligos per gene.

<t Mask. Need 4 mask for each
added nucleatide (A, G, C, T)

A /1 Silicon Chip
Tt Ay — Fodor et o, Science,251:767 (171).

S e sl s g i
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CDNA EXPRESSION ARRAYS

®In ¢DNA arrays, A, B, C, D, etc are single-
stranded ¢DNA molecules of length ~500 or more.

®*Mae cDNA arrays by spotting or printing.
®Density lower than DNA chip. More uniform

15,000 oenes per chip.

Spot ¢cDNA with robot or ink jet
o printer. Mde DNA from seguence.

% O Glass slide
-— Schena et al.  Science, 770: 467 (19%5).
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MORE EXPRESSION ARRAY CARTOONS

¢DNA chip also hepridizes RNA

RMNA fragments with flucrescent tags from sampla to be tested
e 1 9 6 A Comparative

®°  Hybridization
} J Experiment

RMA fragmant hybridizes with DNA on GeneChip

- - - -
,5 Cognrmight © 15984 by Jeremy Buhler
L]

N T IR R
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SCIENTTFIC AMERICAN EXALAINS
Experimental setup

mANA
“2r=— PROTEIN ——DRUG Obtain two samples of liver cells;
INAETWE'-—Jm%} \.g?\ 4 *1‘3?\ % apply the drug to one sample. Then,
GENES % N ~ \ 5 7t from each sample, collect molecules
EEELJEE - XSS_,/’ j ELSS—J of messenger RNA [mRNA]—the mobile
copies of genes and the templates for
protein synthesis incells.
UNTREATED CELL S TREATED CELL \4-\
mRNA ' mRNA
[“, mH PAIR OF
COMPLEMENTARY
cONA () S cDNA BASES EEE?'L
7 TREATED
Transcribe the mRNA into more stable = cONA FROM —rig CHIP CELLS
po UNTREATED
complementary DNA (cDNA) and add ?;\ ckls {c]
fluorescent labels—green to cONAs derived from s
untreated cells, red to those from treated cells. H AN
£-4

Apply the |abeled cDNAs to the chip. Binding occurs

when cONA from a sample finds its complementary
sequence of bases on the chip (detail at right). Such
binding means that the gene represented by the chip DNA
was active, or expressed, in the sample.

EXAMPLES
OF REACTIONS

o | il el s
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SCIENTTFIC AMERICAN EXALAINS
Computational analysis.

Bl GENE THAT STRONGLY
INCREASED ACTIVITY
IN TREATED CELLS

B GENE THAT STRONGLY
DECREASED ACTIVITY

5 Put the chipin a scanner. Have a
IN TREATED CELLS

computer calculate the ratioof red to
green at each spot (to quantify any
changes in gene activity induced by the
drug) and generate a color-coded readout.

B GEME THAT WAS EQUALLY
ACTIVE IN TREATED AND
UNTREATED CELLS

I GEME THAT WAS INACTIVE
IN BOTH GROUPS

SCANNER

READOUT

HYPOTHETICAL PROFILES OF GENE ACTIVITY
IN CELLS TREATED WITH VARIOUS COMPOUNDS

Determine whether any genes responded strongly to the
drugin ways known to promote or reflect liver damage. NONTOXIC

; SUBSTANCES
Or compare the overall expression pattern produced by strong

responders with the patterns produced when those genes reactto  NEW DRUG CANDIDATE

known liver toxins [right]. Close similarity would indicate that the KNOWN _|
new candidate was probably toxic as well. In the diagram, each box LIVER TOXINS

represents a single gene's response to a compound.

briend SH, Stoughton RB. The Magic of Microarrays
Sci Am. 286: 4449 (2001)
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DRUG DOCKING.

Kunts et ol. 3. Mol. Biol. 161: 269, 1982.
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PROTEIN 2-D GELS

Swi Map Selection: LYMPHOMA HUMAN
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For high resolution gel image, see reference or download the tiff file.
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