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Genomes
highlight
the
Finiteness
of the
World of

Seguences

SCIENCE

T 28 JuLy 1995 700
9 VOL. 269 + BAGES 449 G0

Human
Genome
Sequence

1995

Bacteria, 1.6
Mb, ~1600

genes [Science
269: 496]

1997

Eukaryote,
13 Mb, ~6K

genes [Nature
387: 1]

1998

Animal, ~100
Mb, ~20K

genes [science
282: 1945]

20007

Human, ~3
Gb, ~100K
genes [777]



World of Structures is even more Finite,

providing a valuable simplification
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Likewise, for pathways,

functions, sequence

families, blocks, motifs....

Cross-referencing and interrelating among

a Different Types of Parts

Functions picture from www.fruitfly.org/~suzi (Ashburner);
Pathways picture from, ecocyc.pangeasystems.com/ecocyc
(Karp, Riley). Related resources: COGS, ProDom, Pfam, Blocks,

Domo, WIT, CATH, Scop....

~100000 genes

~1000 folds

~1000 genes

X

z

312851
ey
388978

13322

function
& 1.1, nucleic acid binding(724)
+- 1.2, transcription factor binding(15)
-+ 1.3. cell cycle reguiator{10)
1.3, cyclin{10)
= 1.3.1.1. G1/5-3pecific cyclin{2)
1.3.1.2. G2M-specific cyclin
+ 1.4, chaperone{51)
1.5, motor protein(26)
i+ 1.6, actin binding(21)
5 1.7, defensedimmunity probein(20)
- 1.8. enzyme(1057)
1.8.1. alpha alpha-trehalose-phosphate synthase (UD
1.8.2. alpha-1,3-mannosyl-ghycoprotein beta-1,2-N-acq
- 1.8.3. alpha-N-acetyl-neuraminide alpha-2 8-slalyftran:
-1.8.4. alpha-ketoachd dehydrogenase
- 1.8.5. alpha-methylacy-CoA racemase
- 1.8.6. beta-1,3-galactosyl-O-ghycosyl-ghycoprotein bets
1.8.7. beta-1 d-mannosyl-ghcoprotein beta- 1 4-h-acey
1.8.5. beta-N-acetyiglucosaminyl-glycopeptide beta-1.4
1.8.9. beta-alanyl-dopamine Fydrolase(1)
1.8.10. beta-alarmyl-dopamine synthase(1)
1.8.11. beta-carotene 15,15 -dickygenase
- 1.8.12. betz-galactosamide alpha-2,6-siakyitransferaseg
-1.8.13. beta-galactoside alpha-2 3-slalyitransferase
|-1.8.14. peta-ure/doproplonase
1.8.15. gamma-glutarmyicyclotransferase
1.8.16. gammaglutamy transferase(1)
1.8.17. 1-acylghycerol-3-phosphate O-acvitransterase
1.8.18. 1-pyrmaline-5-carboxylate dehydrogenase
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A Parts List Approach to Bike Maintenance
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A Parts List Approach to Bike Maintenance

How many roles
can these play?
How flexible and
adaptable are they
mechanically?

i

A |

Ko v
o

What are the
shared parts (bolt,
nut, washer, :
bearing), unique
parts ( )?
What are the
common parts --
types of parts (nuts
& washers)?

Where are
the parts
located?
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Comparing Genomes in
terms of Protein Structure:
Surveys of a Finite Parts List

bioinfo.mbb.yale.edu

Structures
(“Classic”)

1 Fold Library (A parts list.) Structural
Alignment, EVD P-value, Seq. Struc. diverg.

2 Folds in Genomes (Shared, common,
and/or unique parts?) Known Folds. Fold Tree,
Top-10. Bap. Biases. MG fold assignment

W Krebs, J Tsai, M Levitt, C Wilson,
R Das, H Hegyi, J Lin, Y Kluger,

C Arrowsmith, A Edwards, L Regan,
S Balasubramanin, A Drawid, D
Greenbaum, M Snyder, R Jansen

extent. MG Target Selection, MT
retrospective decision tree.

(now) Structural
Genomics

many folds /function? Mostly 1, but TIM

versatile. Seq. diverg. vs. Func. diverg.
4 Folds in the Transcriptome

(Common parts? Where are parts?)

(now) Func.
Genomics

Arrays

(future)

5 Fold Flexibilty (How adaptable is a

Structures
(“Classic”)

packing, Voronoi Volumes

3 Folds & Functions (Roles/part?) How

Enriched 1 : VGA, TIM, af folds, energy,
synthesis, cyt. Depleted | : NS, long, TM
folds, transport, transcription, Leu-zip, nuc.
Bayesian Localizer, phenotypes clustering

part?). Motions DB, morph server, interface
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Fold Library vs.
Other Fundamental Data structures

Parts List Database; Statistical, rather than mathematical relationships and conclusions
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Folds N Molecular Blology 1000 10000
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(Large than physics and chemistry, Similar to Finance (Exact Finite Number of Objects (3,056 on NYSE by 1/98), descrip. by Standardized Statistics (even
abbrevs, INTC) and groups (sectors)) Smaller than Social Surveys, Indefinite Number of People, Not Well Defined Vocabulary and statistics.
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Alignment Fusing into a
of Individual Single Fold
Structures “Template”

>

. . . o
Iterative Dynamic Programming g
. . Initial Equivalences - -abocde Qo
Like repeated sequence alignment; 1 cycle L £
doesn’t converge, violates key assumption ° E
g y p 0—8‘8"0‘:9 A B CDEF G §

of D.P. 0 mmaneman| =
a-b-cde Score 57 c| 1 2 21012 8 2 Q

ACSQRP- - LRV- SH|- R |SENCV L e e gmiizes | (B
A- SNKPQLVKLMTH | VK | DFCV- - S
8.... ....-8:0....0 . 1}3 2 i ]i ? E GD Zh

Derived from Program of G Cohen (Align, Satow et al. 1986); ab--cde Score 91 E Z 1; lg 1} 15 15 2 %
scop (Murzin et al., 1995). Much Previous work: Remington, lienild B v Zlao s 11 das =
Matthews ‘80; Taylor, Orengo ‘89, ‘94; Artymiuk, Rice, Willett 2
‘89; Sali, Blundell, ‘90; Vriend, Sander ‘91; Russell, Barton ‘92; ._2_2_._. ABcpDEFG c;v
Holm, Sander ‘93; Godzik, Skolnick ‘94; Gibrat, Madej, Bryant pldsun: @ ¢ 1o p
‘96; Falicov, F Cohen, ‘96; Feng, Sippl ‘96; G Cohen ‘97; Singh | $5 " ¢$¢ Sore 20 101 1% %5 & =
& Brutlag, L98 ABCDETFG RMS 0.23 e 0O 0 0 1 1 4 20 o0




Some Similarities are Readily
Apparent others are more Subtle

Tricky: Very Subtle: G3P-dehydro-
Globins IgC &V genase, C-term. Domain

125 res., 85 res., >5 A
~15A ~3 A




Some Similarities are Readily
Apparent others are more Subtle

Tricky: Very Subtle: G3P-dehydro-
Globins IgC &V genase, C-term. Domain
>5 A

125 res., 85 res.,
~1.5 A ~3 A




o RERE

DO

12TP

P-values

1

LA

d1igtbt 5.1 6.0

2.1FP

A

44

l ‘B3

diahn_ diwab__

Q

d5tima_

S

d4tima_

d1htia_

d1igtb1

[ e.g. P(score s>392) = 1% chance]

3

«Significance Statistics

¢ For sequences, originally used in
Blast (Karlin-Altschul). Then in
FASTA, &c.

¢ Extrapolated Percentile Rank:
How does a Score Rank Relative
to all Other Scores?

«Our Strategy: Fit to
Empirical Distributions

1) All-vs-All comparison

2)Graph Distribution of Scores
in 2D (N dependence); 1K x 1K
families -> ~1M scores; ~2K included
TPs

3)Fit a function p(S)
to TN distribution (TNs from
scop); Integrating p gives P(s>S),,
chance of getting a score better
than threshold S randomly

4) Same formalism for sequence
& structure

11 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




B

True Negatives (different class pairs)

Sequence Length ( N aligned )
B
Sequence Length ( N aligned )

8

I

Fred. In p(2)

500 1000 1500 2000 2500

Structural Alignment Score (S, )

5. Extreme
Value v. Normal T
Distributions:

— PC2)

EVD ~
Max(indep.
random
variables),

Normal ~
Sum(indep.
random
variables)

[ exp(-z%) ]

loa. P(2) =

2.5

v n=m=190
A EVD
fo
\. .
.'I \ FIts
.
' \ 3-parm fit works;
| P ’
\g 3.0bs. Reasonable as
2 \ TNs Dynamic
!I y  Sect. Programing
g = o0 maximizes
over pseudo-
Score / Z(S) random variables

p(2) =exp\-z- e‘zﬂ

“ _S-(alnN+b)

o
S=Y M(i,j)-G

1)

Z

3 Free Parm. fit to EVD matches distributions bes
Fit involves: a, b,0. N = number of residues
matched; G = total gap penalty; M(i,j) = similarity
matrix (Blossum for seq. or M, (i,j) struc.)



Same EVD Results for Sequence & Struct.

Structure

Sequence

A All Pairs B True Negatlves (different class pairs) [4] A
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 Use Sequence

Scores to Validate
* Seqguence P-value

perfectly tracks
FASTA e-value

FASTA Significance, log(E ¢5)

o
10 +
20 L
30
+ 4,
’ + +
Y +
-
-40 Et I L I
-40 -30 -20 -10

Sequence Significance, l0g(E sq)

Significance computation can
be applied to any existing
sequence or structure
alignment; added Benefit:
allows computation of an e-
value without doing a db run




T What's the use of sequence-
structure scoring schemes?
Precise Annotation Transfer for

i Genomics

Structure

Root mean square deviation / A

Annotation
Transfer

d,TADVKKDLHDSVYDAAAQLTA% /7 DL NN N

—
$ Sequence #—C >
ISQLIAYAYLTOYYYAANSSY N\ N //

' L 1 1 -
lOO - 80 60 40 20 -0

Percent res:due identity

Chothla & Lesk

1986 revisited,
32 — 16K pts.

C&L A=.4 exp(1.9 H) etated
Multi: A= .2 exp(1.3 H) by Thornton, _
Single: A= .2 exp(L.9 H)  oason, Function

Brenner




30 T T T T 2

1
=
(%11

L
RMS (50% trim)

0.5}

Root mean square deviation / A

o

% identity

00 . L 1 ] L '
100 80 60 40 20 - O
x " K122
. =3

Percent res:due identity

Chothia & Lesk L s
1986 revisited, e

RMS C“ separation
(50% trim)

R L
32 — 16K ptS- MULTI
SINGLE
C&L A=.4 exp(1.9 H) etated
Multi: A= .2 exp(1.3 H) by Thornton,
Pearson, 100 80 60 40 20 0

Single: A= .2 exp(1.9 H) Brenner

% sequence identity



Problems with RMS and %ID

Difference not similarity, NO EVD fit
Dominated by worst-fitting atoms, easily
skewed

*Trimming Is arbitrary (50%)

S, RMS

100 >

Z T VS 1/Zdi
%ID problem: TN ’
uBunChIng upn 05 ' 0 0.5}
between 20% N
and 0% )
identity 25 o

0 500 1000 1500 o
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overcomes length dependency
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Comparing Genomes in
terms of Protein Structure:
Surveys of a Finite Parts List

bioinfo.mbb.yale.edu

Structures
(“Classic”)

1 Fold Library (A parts list.) Structural
Alignment, EVD P-value, Seq. Struc. diverg.

2 Folds in Genomes (Shared, common,
and/or unique parts?) Known Folds. Fold Tree,
Top-10. Bap. Biases. MG fold assignment

W Krebs, J Tsai, M Levitt, C Wilson,
R Das, H Hegyi, J Lin, Y Kluger,

C Arrowsmith, A Edwards, L Regan,
S Balasubramanin, A Drawid, D
Greenbaum, M Snyder, R Jansen

extent. MG Target Selection, MT
retrospective decision tree.

(now) Structural
Genomics

many folds /function? Mostly 1, but TIM

versatile. Seq. diverg. vs. Func. diverg.
4 Folds in the Transcriptome

(Common parts? Where are parts?)

(now) Func.
Genomics

Arrays

(future)

5 Fold Flexibilty (How adaptable is a

Structures
(“Classic”)

packing, Voronoi Volumes

3 Folds & Functions (Roles/part?) How

Enriched 1 : VGA, TIM, af folds, energy,
synthesis, cyt. Depleted | : NS, long, TM
folds, transport, transcription, Leu-zip, nuc.
Bayesian Localizer, phenotypes clustering

part?). Motions DB, morph server, interface
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At What Structural Resolution

Are Organisms Different?

person protein super-secondary  helix individual
plant fold (Ig)  structure (BB, TM- strand atom
™, afaf,a0q) (C,H,O..)
L
ey 2
G O ufy f
| i } \
% c%) @Q a2 . J-L
wﬁ:}r o
1m 100A 10A 1A
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Practical Relevance of Structural Genomics

1] T T208TT5T6]71 IBI%.I. [rofE] TeofsT | v | [20] .| (Pathogen
...... /?@ g only folds as
(human) @@ @Q possible
(T. pallidum) | @ﬂa targets)

[T TeTsTTsTe W0 T Telolwoful T 1

|12- [2a] 5T ]

o OspA protein
¢ in Lyme-disease
spirochete B. burgdorferi

¢ previously identified as
the antigen for vaccine

¢ has novel fold (C
Lawson)
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Cross-Reference:

Folds . Sequences

— Organisms

] Match

© 00 N O g b W N P

=
o

Structures
in fold
families
with
repre-
sentive
seq-
uences
(scop)

#1

sequence

representatives

using fasta,blast,
W-blast, or other
“fold assignment’

methods

Organize
Sequences by
Genome or
Taxon

—| Virus

'——| Eubacteria

Other Euk.

| Eukaryote

Metazoa

Arthropod | 6

_Chordate

Abbrev.

Kingdom
(subgroup)

Genome

Reference

EC

Bacteria (gram negative)| Escherichia coli

Blattner et al.

Bacteria (gram negative)

Haemophilus
influenzae

TIGR

HP

Bacteria (gram negative) |Helicobacter pylori

TIGR

MG

Bacteria (gram positive)

Mycoplasma
genitalium

TIGR

Archaea (Euryarchaeota)

Methanococcus

jannaschii

TIGR

VP

Bacteria (gram positive)

Mycoplasma
pneumoniae

Himmelreich
etal

Eukarya (fungi)

Saccharomyces

cerevisiae

Goffeau et al.

-

Bacteria (Cyanobacteria)| Synechocystis sp.

Kaneko et al.

Tabulate Results in Database

#4

class Fold# EC SC HI SS HP MJ MPMG total Fam.PDB

Name

a/p 18 R 7] 4] 3 202 183

a/B 24 PONEEVECEVEUEINNY 1798KK] 132

a+p 31 A RCRLEERN 3| 3| 1578 160

45 36 13 22 11 10

37

WNNDfwlw| o |o1N

35 3 22

1ligd -
DAO -
2t sl 1-217

Rep. Struc.
1xel -
1gky -
1f xd -

5[4 146jJEg399 1byb- | @
2| 67 5 36 1lpyd a2-181
5| 63132 2t a:490-645
6| 56 4 23 1sry all1-421
3| 47 5 19 1fnb 19-154
3| 39wk} 177 lsnc -

1
2
3

NAD(P)-binding Rossmani Fold
P-loop Containing NTP Hygrolas

like Ferrodoxin
TIM-barrel
Thiamin-binding
FAD/NAD(P)-binding

Class-Il-aaRS/Biotin Synth
Reductase/Elongation Fadtor Do

OB-fold

beta-Grasp
Barrel-sandwich hybrid
ATP pyrophoshatases




Shared worm

a9
o

E. coli

of 339

yeast

T.pallidum

E. coll yeast

T.pallidum

Eukaryotes
(229)

?

®
Chordates

(181)

22 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu
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other (virus)

other eukaryotes

(151)

T

Arthropods
(105)

other metazoa
(126)




Cluster Trees Grouping Initial

Genomes on Basis of Shared Folds

SS
EC

MG

Fold Tree

HP

SC

MJ

Mgen
Mpne

Mjan

Syne

Ecol pr|
Hinf

“Classic” Tree

Cele

Scer

g

D=10/(20+10+30)

D=S/T

D = shared fold dist.
betw. 2 genomes

S = # shared folds

T=total #
folds in both

20 Genomes

23 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Distribution of Folds
In Various Classes

Mgen Mjan
Mpne Mjan 7 Mpne '
. Mpne
Mgen
Mgen Mjan 9
Scer
o Hpyl Scer — Hpyl
Mgen Y Ecol Svne Ecol Syne
iy Hinf Y ﬂn Hinf
Mpne ™~
100 7
i

Mpne Mpne Mjan
Mgen
Scer Mgen _
c>Scer |
Mjan Hpyl Ecol ‘
Hpyl
. Ecol Scer S
o Hinf Hinf SYMe (@) Hing 0
@) @)

! ]

Unusual distribution of all-beta folds
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Common Folds in Genome, Varies Betw. Genomes

Depends on comparison

method, DB, sfams v folds, &c
(new top superfamilies via Y-
Blast, Intersection of top-10 to

get shared and common)

Top-10 Worm Folds

class

num.
matches
in worm
genome

(N)

frac. all
worm
dom

F)

A

SRR,

g

2N

9

830

1.7%

in
EC?

in
SC?

Knottins

SML

565

1.1%

Protein kinases (cat. core)

MULT

472

0.9%

C-type lectin-like

A+B

322

0.6%

corticoid recep. (DNA-bind dom.)

SML

276

0.5%

Ligand-bind dom. nuc. receptor

A

257

0.5%

alpha-alpha superhelix

A

247

0.5%

C2H2 Zn finger

SML

239

0.5%

P-loop NTP Hydrolase

A/B

235

0.5%

Ferrodoxin A+B 207 0.4%
T ITET
— M.gen | B.sub E.col M.the A.ful Rk S.cer
- - Rank } . Fioop
P-loop Hoop
-loeg hydrol 7 P4 ! P-loog ; P-lnog 1 . 243
1 Poog hydrolase B0 A hydrotyase 173 cop hydralass 191 ] ||5"J'l.lh';‘:ﬂ:' a3 I|g.v_i-ur?:w 148 A hydralyres
SAM mathyl- Rassmann Rossmann ; )
f 5 5 Phosphale- Fassmann 2 Protein kingse 123
2 o Transfeiage 18 @ domaln 185 ® desraln 158 2 [ ] birding barrel 54 @ damain 104 x
Rassmann Phasphate- Phasphate- . Rosarmann . Phosphale- . 3 Ressmann a0
3 ® damain 13 » binding barmal ?U L birding barral 3 @ [ 53 [ ] binding barrel 56 ® damain
Class | AMA-birding -5
4 synithatass 12 ’ PLP-franslarase 44 ’ PLP-translerase 38 4 Farmedoxdng 48 Farredondns 40 4 domain £
Clazs || ¢ ik : ik 28 SAM methy- . SAM methy- 5 SAM medhyl-
5 Byntatass 11 * ChaY-like daomain 36 * ChaY-like domain 36 5 IO Ira:'lflera:::i 17 o Ira:'lflcraslf o4 5 ranafaraga &3
Musles asid SAM malhy- 0 I B Ribsfucleass H- &7
6 binding dom. " P —— a0 Famedosins 35 B ’ PLP-fransferases 15 ’ PLP-ransferases 18 like
Total ORFs 473 4268 4268 | [Towl OREs 1860 za0n | [Total GRFs 6218
wilh Common 105 485 458 | [with Common 252 308 | Jwith Commaon 560
Superlamilies {22%) [115¢) (11%) ] [Superlamilies LEN] (13%1 ] |Supariamilies [0%:)

Eubacteria

Archaea

Yeast
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N ARTICLES—————— . HATURE . 330 3 NOVEMEER 1958

A pepiide ﬁ.l.odel of a protein folding

C h araCte r|St| CS intermediate

Terrence G. Oas & Peter S, Kim

Whitehead Institute for Biomedical Research, Mine Cambridge Center, Cambridgs, Massachisens 02042, USA
Of C O m m O n Drepartment of Hiology, Massachusens Institute of Technology, Cambridge, Massachusents 02133, USA

b ) It ig diffecalt e deeermting the sirsctures of provein folding intermediares because folding & a kigh
diswlphide-bonded peptide pair, designed w mimeie the fiest erucipl intermedigie in rl':e'_;'cl,lrﬁ,lrg u’lr B
indtibiror, confaing secondary and terliary struciure similar to thar found in the native prosein,

h d I d n circumuent the problem of cosperanivicy and permir characterization of structures of folding inter
Shared Folds: :
336: 42

0 e N
=]
’;j éﬁﬁumm

or nearly so (18+4+2 of 24)

l R

SNy £ % = wlj 9, All share a/f3 structure with
e D e — ;, SD P repeated R.H. Baf units
s = LDy, . W, s connecting adjacent strands

'
{

P-loop! Flavodoxin Rossmannl Thiamint TIM|
Hydrolase Like Fold Binding Barrel

HI, MJ, SC vs scop 1.32

26 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




BIaS PrObIem — Known

Structure

Prediction, Expts.

» Known Structures are Incomplete,
Biased Sample from Genome, so...

low-qual.

¢ Resample ™ L,
¢ Expt. Structural Genomics... sig.+
link low

O Predict Structures... cpix. ™

Good

s Ehe New Yok Eimes _
e — Prediction
I Help
; National oyl s’ -
S! June 3, 1998
Clinton Urges Congress to Allow New Method 100%
of Census Cj)unting
Same 90% - | Fraction of the MG Genome
Samp“ng s80v | | (Y residue) with Structural
Annotation over Time
Issues 70%
with US 60% -
Census!! 50% A
40% -
30% -+
I" .A\‘E‘;h'uduah'uuhxacmr:adlwf_.;\ 20% ]
ﬁmf ‘: 3V2Af| —) ‘_EH 100t Good TMs, Low-complexity Regions
-
EPEBM‘T'MISE:' TMh-eh:-l';lZI ﬁca"ed'cm 0% | S E SO EE B S S B R S R B R B R R B N R R R S — —
g S0 e [<a] 4 inke Ragen (3] [] B 18 of All-Leta Regior
o R Hire Hlte e A Res 74 76 78 80 82 84 86 88 90 92 94 96 98
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Finding Unusual

Proteins for Expt.

Structural Genomics

* Prospective Target
Selection
e |dentify Proteins in

M. gen. ORFs
(from TIGR)

483 w68, 479)

PDB match, TM-region
or low-complexity

281

Structurally
Uncharacterized

202

Func. Annotated
(TIGR, NCBI)
132

No Functional
Annotation

70

M. genitalium that are most
atypical structurally (hardest)

*Characterize biophysically by
CD (do they fold normally?)

Good

" Prediction

Full-length Domains

23
|

NOT Full-length
47

Clonable from No homologs
homologs in
another organism 12
E. coli B. subtilis Clonable Not Clonable
4+2 4+1 (no Trp’s) 9

In
collaborati
on with L
Regan, S
Balasub-
ramanian

Ellipticity (mdeg)

.»!saab‘;_,.

P S S
wwwwwww

o Commuricaior Help.
frovren =] et hoed [

" Northeast Structural
7 Genomics Consortium

Collaborators, and
ing Institutions

mmmmmmmmmmmmmmmm

-
mmmmmmmm

P T
mmmmmmmm

Wavelength (nm})
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Characterizing the Low-hanging Fruit for

Experimental Structural Genomics

insoluble Soluble  143gg—13 * Retrospective Decision-Tree
« e - Analysis of the Suitability of
53 4 28 90185 500 M. thermo. proteins for X-
Q ray/NMR work
2 e Based on results of Toronto
Proteomics Group
(C Arrowsmlth A Edwards)

For example, proteins that
= fulfill the following sequence

120

yyyyy

@ N of four rules are likely to be
/|l insoluble: (1) have a
A K hydrophobic stretch -- a long
ral Genomics Consortiam region (>20 residues) with
AR " ovec k:,”;‘" ,,Lg,:’“fn';f,‘,'ﬁf";:’”“ average hydrophobicity less
RRES ©oec oot vilveprerized gmamealy besedon | than -0.85 kcal/mole (on the
F?:‘;:Ea based on functional genomics results GES Scale); (2) GIn
. e iy composition <4%; (3)
The pocect wl rplore e copleniy smects o Asp+Glu composition <17%;
Y oo s doorminaion and (4) aromatic composition

>7.5%. Conversely, proteins
that do not have a
hydrophobic stretch and have
= less than 27% of their

11 residues in "low-complexity"
regions are very likely to be
soluble.

== |Document: Done
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« TM prediction (KD, GES). » Divide Predictions into sure

[ M-helix 2 poake. 3 peake. & and marginal
eaks, eaks, &c. o .
Pe beat (Boyd & Beckwith’s criteria)
e Similar conclusions to others:

“pred |Ct|0n” von Heijne, Rost, Jones, &c.

12.0%

—Wworm
10.0% A yeast
(2] .
& —E. coli
O 8.0% A
(4]
2500 - 5
GC) 6.0% -
o T
S
o 4.0% A
®©
e
2000 4 2.0%
O marginal 0.0% — ‘_-\ =
%] Isure 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
é Number of TM helices
O 1500 -
€
5 100
=
5 0 —T
o 1000 4 e
Q ] - % -SC
S g 10
> I7) - A -MJ
z 3
2 - HI
500 + S
o} -+ -MP
£ 1
o - A -MG
[8)
9]
= -+=-EC
0 s
S -2 -SS
1 2 3 45 6 7 8 91011121314 1516 17 18 19 2 01
. 5 - -HP
Number of TM helices per ORF 2
[
e
0.01 ‘
1 10 100
Number of TM Helices
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2° Structure
Prediction

« Bulk prediction of 2° struc. in genomes
« Same fraction of a and 3 (by element,

half each)

« Both overall and only for unknown

soluble proteins.

Structurally Uncharacterized (186)

ﬁAﬂ S/ N

—

B . EEN

[z [ 5 To] I 1

PDB Match (152) 3] TM helix (30) 5
2 Low Complexity Region (116) Linker Region (5)

» Diff From PDB:

31% helical and 21% strand.

» Related results: Frishman

Coiled-Coil
All-alpha or All-beta Region

Fraction of
residues
Predicted
tobein.. [strand| helix
Avg 17%| 39%
SD 1% 2%
EC 17% 39%
HI 16% 41%
HP 15% 42%
MG 17% 39%
MJ 19% 37%
MP 17% 39%
SC 17% 34%
SS 16% 38%

Not expected
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Different
Amino Acid
Composition

Should Give
Different 2°
Structure

Each a.a. has different
propensity for local
structure

->

Different Compositions (K
from 4.4 in EC to 10.4 in
MJ, Q too)

->

Different Local Structure
(but compensation?)

Propensities from Regan
(beta) and Baldwin (alpha)

Amino Acid Composition

EC HI SS SC HP MP MG MJ

10.6(10.5|11.4] 9.6 | 11.2] 10.3| 10.7| 9.5

Sro4A<<mMTMOUINI->0ZIT0X

15 11 16

total propensity
a -1.00 -1.02 -0.96 -1.00 -1.05 -1.03 -1.05 -1.01
B -0.27 -0.33 -0.26 -0.36 -0.37 -0.38 -0.42 -0.36

Propensity
(kcal/mole)

TM-hix helix strand

-1.5
-1.1
-1.9
-1
-1.3
-1.9
-1.2
-1.1
-1.1
-1.4
3

0

-1
-1.2
-1.2
-0.8
-0.6
-1
-1.6
-1.1

-0.4
-0.8
-0.4
-0.5
-0.4
0
-1.3
-0.4
-0.9
-0.9
>3.0
1.2
-1.1
-0.2
-1.6
-0.9
-1.4
0.9
-0.5
-1

32




Comparing Genomes in
terms of Protein Structure:
Surveys of a Finite Parts List

bioinfo.mbb.yale.edu

Structures
(“Classic”)

1 Fold Library (A parts list.) Structural
Alignment, EVD P-value, Seq. Struc. diverg.

2 Folds in Genomes (Shared, common,
and/or unique parts?) Known Folds. Fold Tree,
Top-10. Bap. Biases. MG fold assignment

W Krebs, J Tsai, M Levitt, C Wilson,
R Das, H Hegyi, J Lin, Y Kluger,

C Arrowsmith, A Edwards, L Regan,
S Balasubramanin, A Drawid, D
Greenbaum, M Snyder, R Jansen

extent. MG Target Selection, MT
retrospective decision tree.

(now) Structural
Genomics

many folds /function? Mostly 1, but TIM

versatile. Seq. diverg. vs. Func. diverg.
4 Folds in the Transcriptome

(Common parts? Where are parts?)

(now) Func.
Genomics

Arrays

(future)

5 Fold Flexibilty (How adaptable is a

Structures
(“Classic”)

packing, Voronoi Volumes

3 Folds & Functions (Roles/part?) How

Enriched 1 : VGA, TIM, af folds, energy,
synthesis, cyt. Depleted | : NS, long, TM
folds, transport, transcription, Leu-zip, nuc.
Bayesian Localizer, phenotypes clustering

part?). Motions DB, morph server, interface

£
g
E]
-
[e] e
e[|
TIL11T m

ENZYME
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Adding Structure to
Functional Genomics,
Function to Structural

Genomics
Structure ‘\
Folds v.
Genomes

‘}\_TADVKKDLHDSVYDAAAQLTAQ

: Sequence &

7,. -
“ISQH1aYMAQYLIOYYYAAASSY

Why Structure?
Do we really need it?

Based

Analysis --
. e.g. EcoCyc,

ENZYME,
GenProtEC,

COGs, MIPS

Function

Purely Seq.

Most
Highly
Conserved

Precisely
Defined
Modules

Seq. =
Struc.
Clearer
than Seq.
= Func.

RMSD

s‘O c.ro 4;3 2‘0
%ID

Link to
Chemistry,
Drugs
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A Simple Scheme for Functionally £ “omomnee
cheme,

Classifying Protein Structures  merging
All of SCOP entries ENZYME +
| FLYBASE,

| m | @ | with manual

1 3 1 3 "yt
Oxido- Hydrolases Meta- Cell addltlons for
reductases bolism structure .
—® —@ —®—  — proteins not
1.1 1.5 3.1 3.4 1.2 1.1 3.1 3.8 ' . ( g
Acting on| |Acting on | [Acting on | | Acting on Nucleotide Carb. Nucleus | | Extracel. I n e Ither e Y.
CH-OH || CH-NH gg;e(;s ngrt]'gs metab. metab. matrix I g ) S)
] |
[ l_\I i_\I l_| !_L_\ !_A_\ '_)L | | | |
N Al[')lélnd Caa;blo'xlylic 11.1 E3£8'2 |
Xtracel. .
oo Polysach Also: MIPS,
It | lvco-
T proen GenProtEC
b)

GOGs

1111 1.1.13 3.1.1.1 3.1.18 1.1.1.2 11.1.1 3.8.21 3.8.2.2
Alcohol Homo Carboxyl Choline Starch Glycogen Fibro- Tenascin
serine - g
der:]ydro dehydro esterase esterase metab. metab. nectin P
genase genase A
/
<> Precise functional similarity @ General similarity @® Functional class similarity
ENZ/-ENZ
Focus on Pairs with Precise (1.1.1.*) and Broad (1.*) Similarity (|




Fold-Function

Combinations

Many Functions on the
Same Fold
-- e.g. the TIM-barrel

Have the sequences
diverged beyond point of
homology? Or does this
occur at a certain
sequence threshold?

4 LYase

enolase

5 ISOmerase

xylosa isomerase

1cdxi

.’I_‘T ——— __.“"s{\'k‘\_

b 'I A - _— _— ."-'\_. .”.\.\\

F __»"H_ [ "

L . -1
s ; S 1
. s .

{ \ \‘E '\\\ F & f:_,f

Sy _;_:;_'.'-"-5-"'

' || 1 OXidoreductase

aldose reductase
2acs

3 HYdrolase
adenosine deaminase
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e Relationship
©% of Similarity In

o
o

Seqguence &
Structure to
that In
Function

B
o=

]
=

P
=]

—
=

=

1%
o
fractional percentage of pairs with same
class or function

50 40 30 20 10 0
e (Genieral similarity
—»—— Monenzymes with same Functional Class % |dent|ty
—ik—— Enzymes with same Functional Class
- - Eorymes i same Prscis Fucion e I
8
See at what %ID have diff. PR
function (both broad & precise). | —+—wrsciss SN w0 g 8
re . ---&---MIPs Precise Func. F40 =2 HE’
Use 4 func. classifications -- e GenProEC Clase N
ENZYME, FLYBASE (+extra), i N D=
O\O

MIPS, GenProtEC - M o 0

% sequence identity
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fractional percentage of pa

on

class or funct

— 100
1]

5 90
g 80
:é 70
S 5, 60
o T

c 40
3@

5 30
Q.

3 20
g 10
3]

o

L™=

RMS C? separation (50% trim)

Relationship of

Similarity in Seqguence

& Structure to that In

Function |l

Percent identity quite

successful vs. structure sim. or
statistical scores

TZ ﬁ
I o 90
2 X 80
s 2 Y N}
gﬁ o " 70
c E 4 60
o = Y
o v gt 50
g ¢ ;
- O 40
A
S £ - 30
‘g 2 x 20
- 10

0
-25 -20 -15 -10 -5 0

Iog{Pseq)
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1 OXidoreductase

npa'afeA qquojulolq ‘BeA ‘666T ‘URISIED YJelN (9) OF

5 ISOmerase

xylose isomerase

Function

Fold-

\\m ,q ﬂ ; \?__._ m
W VA, iz
. af.r/;....:,\
83
B
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H 2 S
g  Sp i
W T wE*= o g
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. ~20K (=92x229) Possible,
ﬂO_QIﬂCSO.ﬁ_Oj mwmwu_. O—Qmmﬁ<mﬁ_

Combinations

229 Folds

NONENZ

oX < u — ] .
]

TRAN =

HYD <

+ Non-Enzyme

LY = LR " ] [ 1

91 Enzymatic Functions

ISO -

LIG -
_ [ J
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Most Versatile Folds & Functions

# folds with certain # of functions

Top-5 Most
Versatile
Folds

[ 175 B
g 2\
g__' 38 ‘*:Q’:‘ Rossmann
==
_.E,-:_ - af hydrolase
| ==
== 7
N 3
—1
[ 1

# functions

< suonound pjojnniA doy

Top-4 Most
Versatile

Functions:
Glycosidases,
carboxy-lyases,
phosphoric
monoester
hydrolases, linear
monoester

hydrolases (3.2.1,
4.2.13.1.3,3.5.1)

Top Multifunctional
Folds -
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Id- . B AIB A+B | MULTI | SML
F O F u n Ctl O n NONENZ 34 30 14 : 4 26 Sunlse
C b t OX 13 5 17 4 5 47
TRAN 3 3 16 5 35
ombinations | = s 3 /Q\ : e
C 50 T 2 Y A T e
rOSS- LIG 1/ 2 3 1 7
. sum 57 - 99 69 30 31 331
Tabulation /
Summary | —* 3 v
Dlaqram / scop
f A A B AB  A+B 5 =
.... e . = =
el l | , C_(D O ; : NONENZ| @171 57 7.1 n | 28 | [ o7 |
i L @) i
L HE & . / OoX 3.5 2.1 n 2.1 0.7 0.7
i E TRAN 0.7 n 1.4 1.4 0.7
ﬁ HYD | 28| [ 28| [ 64 57 14
G|
ISO 0.7 1.4 0.7
o LIG o

[ Similar analysis in Martin et al. (1998), Structure 6: 875 ]




Compare Classifications and Genomes

SCOP
Compare 1 Structure- R CATH (Thornton)
. =
F_unctlon Cross-Tab for m—————r e _oam
Different Genomes and ox 2 - [ERCa R E—
leferent FunCthnaJ &. E TRAN 07 n 14 14 0.7 OoX - - po=
Structural Classifications &| v e W/ TRAN
s
for the Yeast Genome “| 'Y J| wvo | L] s
ISO 0.7 1.4 07 L LY ‘zl 13
LIG - i ISO 13 13 5.1
LIG 13
35
30
2 MlPS YFC (Mewes)
15
1c5) SCoP
0 < A B AB AB % E‘
HBoth
HENZ m Both R R “ n °
aoez WO o ] - R
:-("; necription 4 22 as 08
30 ‘—:“ P 5 09 07 03 02
22 % g 6 El 2 05 03
c transport
15 IE faciitaion 09 05 0.7 05 0.4
10 E M 8 21 06 EI
E(; S |, 9 0.9 07 03 03 0.1
H Both P e : 5ot e lIl 0.3 0.7 03
BENZ < x5 < 26 07 os
HnonENZ E L} CO I I g @ Ef(’)\‘nZENZ m";‘{“z“:ms 13 0.5 0.3 0.4 04 02
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Different Structure Function
Relationships for Most Ancient Proteins

SCOP

SCOP

npa'afeA qquojulolq ‘BeA ‘666T ‘URISIED YJelN (9) GF

TNS 3
ILINA 3 3 3
n..m. o ~ ~ < =] [} o
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< | s . - < B
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: S9S$9920.d
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uolewJou|

SO0 1SedA IV

(Scop, Murzin, Ailey, Brenner, Hubbard, Chothia; COGs, Tatusov, Koonin, Lipman)




Comparing Genomes in
terms of Protein Structure:
Surveys of a Finite Parts List

bioinfo.mbb.yale.edu

Structures
(“Classic”)

1 Fold Library (A parts list.) Structural
Alignment, EVD P-value, Seq. Struc. diverg.

2 Folds in Genomes (Shared, common,
and/or unique parts?) Known Folds. Fold Tree,
Top-10. Bap. Biases. MG fold assignment

W Krebs, J Tsai, M Levitt, C Wilson,
R Das, H Hegyi, J Lin, Y Kluger,

C Arrowsmith, A Edwards, L Regan,
S Balasubramanin, A Drawid, D
Greenbaum, M Snyder, R Jansen

extent. MG Target Selection, MT
retrospective decision tree.

(now) Structural
Genomics

many folds /function? Mostly 1, but TIM

versatile. Seq. diverg. vs. Func. diverg.
4 Folds in the Transcriptome

(Common parts? Where are parts?)

(now) Func.
Genomics

Arrays

(future)

5 Fold Flexibilty (How adaptable is a

Structures
(“Classic”)

packing, Voronoi Volumes

3 Folds & Functions (Roles/part?) How

Enriched 1 : VGA, TIM, af folds, energy,
synthesis, cyt. Depleted | : NS, long, TM
folds, transport, transcription, Leu-zip, nuc.
Bayesian Localizer, phenotypes clustering

part?). Motions DB, morph server, interface
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of some other gene's allered mRNA levels. The 506
genes we have identified that require Meds function to
the same extent as Rpb1 function are those at which
promoter-associated transcriptional regulators are most
likely to function through interactions with Madé.

Srb§ is a component of the Srb/mediator complex
whose function is also not known (Thompson et al,,
1993; Kim ot al., 1994; Koleske and Young, 1994; Hen-
gartner et al, 1995; Myers et al, 1998). To determine
the genome-wide dependence of gene expression on
Stb, a strain lacking an SRBS gene and its wild-type
counterpart were compared [see the web site for de-
tailed information). The results indicate that 163 of all
genes raquire SrbS function for their exprossion. With
the SRBS deletion strain and other constitutive mutants

The transcriptional program in the response of
human fibroblasts to serum
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Saccharomyces cerevisiae

A multipurpose transposon system for analyzing protein
production, localization, and function in

PETRA ROSS-MACDONALD, AMY SHEEHAN, G. SHIRLEEN ROEDER, AND MICHAEL SNYDER™

Department of Bielogy, Yale University, P.O. Box 208103, New Haven|

Communicated by Gerald R. Fink, Whitehead Institute, Cambridj

ABSTRACT Analysis of the function of a particular
product typically involves determining the expression p.
of the gene, the subcellular location of the protein, an
phenotype of a null strain lacking the protein. Conditi
alleles of the gene are often created as an additional tool

192 Genetics: Ross-Macdonald ct . Proc. Natl Acad. Sci. USA 94 (1997)
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Composition of Genome vs. Transcriptome

Transcriptome Enrichment

oaF) | 3 n ) G(F) Sen(F) |3 en(F) T(F) D(F)
oif 1 F oorfi orf i F oorfi
Feature Fis Number of Ala | Number of Genome Number of Ala | Number of Transcriptome | Relative
Amino acids, | in yeast amino acids in | composition of | weighted by amino acids composition of | enrichment of
in particular yeast Ala in yeast expression weighted by Ala in yeast Alain
Ala expression transcriptome
Spec. Num. 141890 | 2574876 | 5.5% 347807 | 4758441 7.3% 32.7%
Feature Fis Number of Number of Genome Number of Number of Transcriptome | Relative
Folds, in TiM-barrel matches with composition of | TIM-barrel matches with composition of | enrichment of
particular the | fold matches all folds in TIM-barrel fold matches all folds TIM-barrel TIM-barrel
TIiM-barrel in yeast yeast genome | fold matches weighted by weighted by fold matches matches in
{3.1) genome expression expression transcriptome
Spec. Num. 65 1560 4.2% 389 4709 8.3% 97.8%
i)
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X
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Relation between Length & Expression

Max Expression (e.g. transcripts/cell) ~ (Length)-%3
Shorter proteins can be more highly expressed

10000

—Fit
— Maximum Lengths

1.0 10.0 100.0
Expression Level
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Composition of Transcriptome In

= Jelinsky etal. (11)

# Roth et al., mating type a (10)

e t@rMS Of Broad Structural Classes
< Roth et al., galactose (10)

< Roth et al., heat shock (10)
@ SAGE, G2/M phase (1) 1 00%

O SAGE, log phase (1)
OSAGE, S phase (1)
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L
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= -100%
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1 2 1318 3 1012 5 69 4 Soluble
_ _ _ Fold Class
# TM helices in yeast protein of Soluble
Proteins
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Which Protein Folds
are Highly Expressed?

Top-10 folds in genome and transcriptome

Composition Rank
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Composition of Transcriptome In terms of
Functional Classes
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Bavesian
System for

Localizing
Proteins

'IIER+I|

Represent localization of each
protein by the state vector P(loc)
and each feature by the feature
vector P(feature|loc). Use Bayes
rule to update.

Feature Vects

e N & & O O

State Vects

P(feature|loc) Pom(loc)

Initial Prior

-F"(NLS=true | loc) \
NuC Pm(nuc)
ER :
Cyt Y -
v Posterior
— >
T P,.(loc | NLS=true)

p(NLS=true | nuc) \

Pm(nuc | NLS=true)
= p(NLS=true | nuc) . pminuc) | Z

18 Features: Expression Level
(absolute and fluctuations), signal
seq., KDEL, NLS, Essential?, aa
composition
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Bavesian
System for

Localizing
Proteins

'IIER+I|

Represent localization of each
protein by the state vector P(loc)
and each feature by the feature
vector P(feature|loc). Use Bayes
rule to update.

Feature Vects

_ State Vects
P(featurelloc)

>
Pmn(loc)

Initial Prior

_I;(NLS=true | loc) R
10 Nuc Pm(nuc)
L c ER
] yt -
: v Posterior
ol [ 1 : 5
T P, (loc | NLS=true)

p(NLS=true | nuc) \

Pm(nuc | NLS=true)
= p(NLS=true | nuc) . pminuc) | Z

P(mRNA expr=high | loc)
: . ™
E _ M

: »

. Pm(loc | mRNA expr = high)
+ O
P(pl > 9| loc)

ﬁ I ~ Final Result
- v
R

@Pm(loc | pl > 9)
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Results on
Testing Data

Individual
proteins:
74% with
Cross-

validation

Testing, training
data, Priors: ~2000
proteins from YPD,
MIPS, SwissProt,
Snyder Lab

% Correct Predictions

&1

76

CYT

.

85

NUC

62 62

MIT

Compartments

ME2

37 |

74

46

ER2 TOTAL
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ReSUItS on with cross-validation

Individual proteins: 74%

Testing Data #2

% Correct Predictions

_{.-.‘ﬁTT i
] ) :.237“ T -
Compartment Populations. S A 480 2000
directly sum state vectors to NG O0CYT
get population. Gives 96% 285(293 NUC
pop. similarity. 7\ OMIT
overall compartment . | state 70 £ ER2
population vector vector of
protein 1
“Normal” l

sum of only o

well localized
proteins

“QM-like”
sum of all
state vectors

(Y

O O O

N(loc) = Py(loc) + P+ P3+ P, + -+ P, + Py
~N & Vg0 T an
\ ] N
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Extrapolation to Compartment
Populations of Whole Yeast Genome:
~4000 predicted + ~2000 known

15%

22%

17%

14%

32%

~6000

CYT
S NUC
IMIT

ME2
E ER2
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Functional category number

Function

Average correlation

# ORFs

01

METABOLISM

0.1001

1005

01.01

amino-acid metabolism

0.1488

199

01.01.01

amino-acid biosynthesis

0.239

114

01.01.04

regulation of amino-acid metabolism

0.23

32

MIPS YFC: 66 bottom classes, 10 top classes
Average correlation of uncharacterized genes is 0.16

Similar to Botstein analysis.

MIPS Functional
Category

e.g., "Phosphate
Metabolism"

ORF

Transcripton
Profile

T y—

YRR

e,

ST

|

Z |E | B EEEm
=12 |2
TAROT 1. | 0| 03
A RROFIC o2 L [
Y RROG3C 0.3 0.4 1.
|
] ",.,
- *

Correlation Coefficient Matrix (Pearson Coefficient)

Average Correlation Coefficient
for Group of Genes

Cluster Expressio

Data, Relate to

~MIPS Functional

Cateqgory

01

Functional category number |Function
METABOLISM O.lOOll

Average correlation [# ORJlE |

01.01

amino-acid metabolism

01.01.01

amino-acid biosynthesis

01.01.04

regulation of amino-acid metabolism

01.01.07

amino-acid transport

01.01.10

amino-acid degradation

01.01.99
01.02
01.02.01

01.02.04
01.02.07
01.03

01.03.01
01.03.04

other amino-acid metabolism activities
nitrogen and sulphur metabolism

ps|

nitrogen and sulphur utilization
regulation of nitrogen and sulphur utilization

nucleotide metabolism
urine-ribonucleotide metabolism
rimidine-ribonucleotide metabolism

01.03.07

deoxyribonucleotide metabolism

01.03.10

01.03.13

metabolism of cyclic and unusual nucleotides
regulation of nucleotide metabolism

01.03.16

| otide degradation

01.03.19

01.03.99

01.04 hosphate metabolism
01.04.01 hosphate utilization
01.04.04 regulation of phosphate utilization

nucleotide transport
other nucleotide-metabolism activities

01.04.07

01.05

phosphate transport
carbohydrate metabolism

01.05.01

|carbohydrate utilization ’ 0.075

01.05.04

|regulation of carbohydrate utilization & 01174
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Correlation for small and large groups

of genes
35
/~\ -#- Groups with more than 30 genes
30
/ ——Groups with 6-30 genes

E;
/
//

# MIPS groups (%)
\
| .
—1 7
/771//

{

Correlation of

Functional Class and

Expression — not that

strong

; 5

‘ ]
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: | Highest Correlation o
Average correlation <
>

Functional category numberFunction Average corrglation [# ORFs

¢ Many groups of 10.04.11 key kinases /7 09403[\, 2
genes Categorized 10.04.13 key phosphatases 0.9283 2
1111 ageing 0.8634 2

by MIPS do not 0222 alyoxylate cycle 0.8136 6
I 10.02.07 G-proteins 0.8122 3

have hl_gher 04.03.99 other tRNA-transcription activities 0.693 4
correlation than 09.08 biogenesis of Golgi >5.662% 2
09.19 peroxisomal biogenesis /06512 \ 2
random ORFS 08.10 peroxisomal transport 0.646 2
04.01.04 rRNA processing 0.6074 3

[ ]

Sma”er groups 01.20 secondary metabolism 0.5921 4
tend to have a 01.20.05 amines metabolism N\ 05921 / 4
liahtlv hiah 10.05.11 key kinases oS 4
S Ig ty Ig er 90 RETROTRANSPOSONS AND PLASMID PROTEINS 0.5299 7
Correl ation 02.10 tricarboxylic-acid pathway 0.5236 22
04.07 RNA transport 0.5111 27
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i Phenotvpe ORF Clusterlnq
o Ypml 2 k-means
o clustering
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Structural comparison of SCOP domains

e

RN TR ——

Alighment

A 4

Database

Alighment

A\ 4

Server

Structural Alignments of
Protein Sequences

Database of Alignments

A

GeneCensus

nmm

 The new searchable database for llhe proteins in Scop 135 |
© LPEC, the Library of Average Protein Core Structures prowdes an older aftemate alignent database

Automatic Alignment Server

turally align o arbiraty protein struciues

Papers

M Gerstein & M Levit (1998), Compreb ot of Automatic Structural
Mansal Standard, the Scop Classication of Protein, Protein Science 7 445-456.
[Get preptintn ok (snavaiable afte publication date)]

* M Levit & M Gersten (1998).*A Urified Statistcal @
Commparicon, Provcedings of the Nationsl Academy of Scieaces USA 95: 5913-5920.

e

* R Sclunict, M Gersten & K. Afwan (1997),'LPEC An oteret Library of Potein Family Core Structures,!
Erotein ience 6. 46-248

* M Gerstein & M Levit (1996) “Usig lerative Dymamic Programing to Obiain Accurale Pairvise and
Muliple Aligrmerts of Proten Sirchures." i Procedings of the Fourth Isernaional Conforene on Iteligent
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GeneCensus
Genome
Comparisons

GeneCensus is intended to give a comprehensive statistical accounting of protein features, particularly structural
anes, n genomes -- in the sense of a demographic census.

Detailed Tables and Summaries of Results

Criginal 1997 and 1995 yesults for 3 genomes plus the PDE, in table browser format
Updated 1999 results on selected genomes

Fesults on the relahonship between fold and function, particularly m the yeast genome
Comparison of the worm and yeast genomes in terms of folds
Focus page on M litam, with 2 comprehensive compari
NEWUpdar.ed summer 1999 results on 20 genomes (unpubbshed)

of fold

b Buckvots L ocain o oriowth e slmemeTvm e e

Protein Folds in the Worm Genome

Detailed
Tables

Help 81nf0
Membrone

Poper Response

ORF

NEW Cenorne Trees (enpublished)

Comparison of thermophilic and mesophdlic genomes

Chustering of yeast phenctype patterns (with M Snyder)

» NEW Yeast Cluster Analysis Server =
. NEWH? Genome Annotator (matches cDMAS to genomic DNA)

Selected Queries

Find the Mumber of Times a Fold Corresponding to a PDB 1D Occurs in Vanous Genomes (e.g 6LDH):
Enter a PDE ID I

Find the Structural Annatation for a Green ORF i a particular genome (e.g YOR133W and 5C):

Enter an ORF 1D IGmum_lSC 'I

Structural Alignments
Has information about the struchures that share the same fold.
Papers
* RJansen & M Gerstein (2000). “Analysis of the Yeast Transcriptome with Broad Structural and Functional

Categones: Charactenzing Highly Expressed Proteins,” Muc. Acwis Res. (in prass).
= HHeayi & M Gerstein (1999), "The Relationship between Protein Structure and Function: & Comprehensive

Query

Surve with Apolication o the Yeast Genome.” J Mol Biol 228: 147-164. Imedine] [oreonint]
I == | [Documant Done Er e =l v A
A

\ 4

PDB
Query

http://bioinfo.mbb.yale.edu/genome

R ara C ]

T s
Structural Annotation for ORF YALO17W
in the SC genome

[rov compieieys Feow 358 vo 708 551

1 1357
e
Low corplonity
Linkar
PI-blon FOb
PDB match:
FELIESLRCYPRRE TIED IRIDKY

Low complexity:

From 55 T 263

T ——— L

Fic Edt Vew Go Commnicaln Help

7| b Boohmka . Losaton [ ity =l gercseach k=i L R |

Genome Occurrence of 3tim's Fold i
Results in Old Formal. Fomatied Teslin Popug Window | 8ea Malches in Genoma |N

ID.3m Chaina Domain._  SCOPFold Number 3001 Supsrfami. 3441
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Comparing Genomes in
terms of Protein Structure:
Surveys of a Finite Parts List

bioinfo.mbb.yale.edu

Structures
(“Classic”)

1 Fold Library (A parts list.) Structural
Alignment, EVD P-value, Seq. Struc. diverg.

2 Folds in Genomes (Shared, common,
and/or unique parts?) Known Folds. Fold Tree,
Top-10. Bap. Biases. MG fold assignment

W Krebs, J Tsai, M Levitt, C Wilson,
R Das, H Hegyi, J Lin, Y Kluger,

C Arrowsmith, A Edwards, L Regan,
S Balasubramanin, A Drawid, D
Greenbaum, M Snyder, R Jansen

extent. MG Target Selection, MT
retrospective decision tree.

(now) Structural
Genomics

many folds /function? Mostly 1, but TIM

versatile. Seq. diverg. vs. Func. diverg.
4 Folds in the Transcriptome

(Common parts? Where are parts?)

(now) Func.
Genomics

Arrays

(future)

5 Fold Flexibilty (How adaptable is a

Structures
(“Classic”)

packing, Voronoi Volumes

3 Folds & Functions (Roles/part?) How

Enriched 1 : VGA, TIM, af folds, energy,
synthesis, cyt. Depleted | : NS, long, TM
folds, transport, transcription, Leu-zip, nuc.
Bayesian Localizer, phenotypes clustering

part?). Motions DB, morph server, interface
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 What are they?

¢ Proteins, Nucleic Acids
(Hammerhead)

Macromolecular Motions

¢ Sidechains (trivial),
Loops (LDH), Domains
(ADK), Subunits (Hb)

¢ When a Ligand Binds:
Open, Closed
e Essential link
between structure
and function

¢ catalysis,
regulation, transport,
formation of
assemblies,
and cellular locomotion
« A complicated
biological phenomena
that can be studied in
guantitative detail

¢ changes in thousands
of atomic coordinates

Large
Comain
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Number
Known
Forms

Size
of
Motion

M echanism
of
Motion

Examples

Unclassifiable

[2 forms |

[Domain |

| Hinge

Shear
Refold

[MOt10T]

Special

Unclassifiable

Allosteric

[Subunit |

Non-allosteric

[Fragment |

Unclassifiable

Unclassifiable

[1form |

[Domain |

Refold
Hinge
Shear

Special

Unclassifiable

Allosteric

[Subunit |

Non-allosteric

Unclassifiable

TIM, LDH, TGL

Insulin
MS2 Coat

LF, ADK, CM
CS, TrpR, AAT
Serpin, RT

Ig elbow

TBP, EF-tu

PFK, Hb, GP
lg VL-VH

bR
LF~TF,SBP
HK~PGK,HSP

Myosin

PCNA, GroEL

14

w

3

1

W = WHKeKe)

N B~
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Motions DB:

Information, Size,

then Packing Based

bioinfo.mbb.yale.edu/MolMovDB

Classification

& Databaze of Maciomolecular Mavements - Hetscape

i Fie Ed Mew Go Commricotor Help

1% " Bockmaks A Location i //bicinio.moh ysle eduMoh v/

Database of
Macromolecular Movements

with Associated Tools
for Geometric Analysis

| ] 2
| Ttz describes the motions that accur in proteins and other macromelecales, particularly using mowes. Associated with it are a variety of
I| Free software tools and servers for structural analysis.

|

Full-text search on database:

x| OR | Sean:hl

: View entry:

|- Select a mation

Movies
Gallery of movies of protem motions. IF you want to make your own mevie, we have a Morph Server that will interpolate
between any two protein conformations, generating a movie, Also, a server with a simplified interface. (Alternate,

MPEG:-orly page ) You can quickly add a link from a databace entry 4o your own movie with this form

Papers

+ A general Srientific American article on water and protem motions [Sall-tess]

+ The database citation: B Gerstein & WG Krebs (1938). Muc, Acid. Bes. 26:4220-4230 [medline].
+ More papers..

' ® Software
i * @ This inchedes freeware
i VEML

i
I
!

Browse
i The main database is aranged around a multi-level classification scheme (2.8 motions of mains, or subunits). It
|

for caleulating volumes, surfaces, awes, angles, and distances. Alse, there is information about

can be viewed in outline form with condensed subheadings (the normal way), Billy expanded subheadings, just main
¢ 2 raw SOL data dump

ne proteins, a schemat

headings. Also available are: a focus page on motions in membs,

Edit

A copy of the database has been made remotely editable over the Internet wia a sirnple Web form interface. You may use

this mterface to armotations with the latest research, add your own binks to specific entries in the database, or create il
entrely new entries from scratch, Emad prodb@hicinfo mbb. vale edu for your passwerd and instructions. Page of Links
related to protein motions (You can autematically add a bnke,  you want ) If you want to bak directly to entries m the

‘ darabage, more mformation is available

Help!
Help s.-nd other relevant information about the database 15 waa]a't-lc There are pages describmg the experimental
iated for determmining molécular solved erystllograph

i'd‘f‘ﬂi-: [Biocument: Gone

=] 4 whats Rt E

This is d-ata'base wversion 1.70 last rebudt on Friday, 24- bep 199? 19.08:53 EDT Ll
1S O &9 @ s2 | 4
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* |Intercalating Interface, Knobs into Holes
Interface Ading . .
e Packing is a strong constraint on motions

PaC k| nq and ¢ Domain or loop motions have to be fast (~10 ps —
- 100 ns)
M Otlons 0 Can't cross big energy barriers involved in

repacking an interface

~
4 3

-

NI HEEER

Interfaces

=

Shear Motion Hinge Motion

Hinge

Not applicable to allosteric
motions, which are much slower
(~1 ms) and do involve repacking
interfaces 8
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Packing Based

Classification:
Hinge V_Sh ear

b

Interfaces
F = H

Shear Motion

\/ :
J‘ I‘IU (i
L
’
¥
¥
inge r 119 .= e
-l"_
m = 11"
h'h
o
Hinge Motion @ _."-
L

Shear Mechanism

\

{,\%}jﬁ N\ Involves Many Small

2

Motions across a
Continuously
Maintained Interface
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Proteins With Shear Motions are

Often Divided Iinto Layers

npa'afeA qquojuiolq ‘deA ‘666T ‘URISIED YJelN (9) 69

Hexokinase

GAPDH




Packing Based .@%

&

Classification:

H|ngev8hear % @

Shear Motio

Hinge Mation

Hinge Mechanism
Involves absence of
steric constraints
(continuously
maintained interface),
esp. at hinge
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Voronoi Volumes,
the Natural Way to
Measure Packing

 Each atom surrounded by a
single convex polyhedron and

allocated space within it

¢ Allocation of all space
(large V implies cavities)

Packing Efficiency
= Vol une- of - bj ect

Space-it-occupies
=V(VDW) /V(Voronoi) |
@ x

Absolute v relative eff.
V1/V2

71 (c) Mark Gerstein, 1999, Yale, bioinfo.mbb.yale.edu




Unified Atoms

Parameters used in Protor Volume Derivation

atom radii volume
C3HOb 1.61 9.70
C3HOs 1.81 8.72
C3H1b 1.76 21.28
C3H1s 1.76 20.44
C4H1b 1.88 14.35
C4H1s 1.88 13.17
C4HZ2b 1.88 24.26
C4HZs 1.88 23.19
C4H3u 1.88 36.73
N3HOu 1.64 8.65
N3H1b 1.64 15.72
N3H1s 1.64 13.62
N3HZu 1.64 22.69
NAH3U 1.64 271.47
O1HOu 1.42 15.91
02H1u 1.46 17.98
SZ2HO0Ou 1.77 29.17
SZ2H1u 1.77 36.75

Residues
aa volume . Hybrid chemical and numerical
Typing Scheme typing with 18 basic types
Gly 63.8 Radii Set ProtOr Radii, Tsai et al. (1999)
Ala 89.3 Plane-Positioning Method Ratio
val  138.2 ‘ g
Leu 163.1 Atom Selection Criteria BL+
lle 163.0
Mot 165.8 Structure Set SCOP (87 structures)
Pro  121.6 O
His  157.5 P rOt [
Phe 190.8
Parameter Set:
Trp 226.4 d d d L
e Slandard Radil &
Cys 102.5 I
Ser 94.2 VO UI I leS
Thr 119.6
*;ls" 112; « Consistent Radii, Typing,
n . .
Asp  114.4 and Volgmes for Packing
Gu 1388 Calculations
Lys  165.1 . E .
Arg 190.3 or comparison
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Motion Analysis Server,
Morph Movies

Server I Alignment
Entry Users I g
Form Server Experimental Methods

and Simulations

* Sequence/Structure Alignment | |

e S
* Modified Sieve-Fit Superposition |
e S =

Screw-Axis Orientation

Home : Table of
Morph

Movies

Morph Movie Report

Struc-1 Struc-2

Core-1 Fit

il

]
|

Core-2 Fit
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ADH

Recov.

DNA
Pol-

GroEL

Dip.
Tox.

5 Movies Generate

d

b

y

t

h
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Comparing Genomes in W Krebs, J Tsai, M Levitt, C Wilson,
terms of Protein Structure: Y Kluger, S Balasubramanin,

Surveys of a Finite Parts List L Regan, R Das, C Arrowsmith, A

. Edwards, H Hegyi, J Lin, A Drawid,
bioinfo.mbb.yale.edu D Greenbaum, M Snyder, R Jansen

1 Fold Library (A parts list.) Structural
Alignment, EVD P-value, Seq. Struc. diverg.

2 Folds in Genomes (Shared, common,

Structures
(“Classic”)

and/or unique parts?) Known Folds. Fold Tree,
Top-10. Baf. Biases. MG fold assignment
extent. MG Target Selection, MT
retrospective decision tree.

(now) Structural
Genomics

3 Folds & Functions (Roles/part?) How =

s »|  many folds /function? Mostly 1, but TIM e |'. =N, !
€ O : - : G - LWNS

D E versatile. Seq. diverg. vs. Func. diverg. i @E! ol i ¥ i
— O . . §lvim o BRER: .

s g| 4 Folds in the Transcriptome 75 by g !
— (Common parts? Where are parts?) =

Yy Enriched 1 : VGA, TIM, ap folds, energy, EN .q'= — im

Eg synthesis. Depleted | : NS, very long, TM o A ": ZZM@@M%M? %?Tf 8

<= folds, transport, transcription, Leu-zip fold. . ¥ - ;

Bayesian Localizer, phenotypes clustering

5 Fold Flexibilty (How adaptable is a
part?). Motions DB, morph server, interface
packing, Voronoi Volumes

Structures
(“Classic”)




