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I. Introduction:
protein function
evolution




Protein function

f Intuitive but not well-defined:

() chemical how atom bound?
() biochemical transferase

() cellular (kinase) cell cycle

() developmental time, regulatory
() physiological related to disease
() genetic dominant/recessive

f Protein function as action:
Function =

anything that happens to or through a protein
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Our goals

& Predict protein function from sequence + structure

© Where?
¢ nuclear/cytoplasmic/extra-cellular/mitochondrial/other,
membrane/not/which, nuclear matrix, ER/Golgi/vesicle?

© What?

¢ protein-protein, protein-DNA, protein-small substrate, “is

enzyme”, “is cell-cycle control protein”, “SNP deleterious?”

© When?
¢ pathways

& Predict protein structure:
focus on aspects relevant for function
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Increasing wealth of experimental data!
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Increasing wealth of experimental data!
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Gap sequence/annotation grows!
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1.5 million protein sequences known today “‘gene”
| | | | | | | | | | ] | | | Sequences
O h -
g o SWISS-PROT :
% 1,200,000 1 ——EMBL :
< 1,000,000 - s
%) 1 :
8 800,000 1 g
O i :
& 600,000 - g
0 _
‘5 400,000 - a
o) : Date: 3-2004
€ 200,000 -
= -
Z - | | I
QA < O a0 o QN <r O o) o ad
Year & § & 8§ 8 8 & 8 & § §

© Burkhard Rost (Columbia New York)

6/62



Homology transfer accurate for very similar proteins

methyltransferase

identity protein

100% guanidinoacetate N-methyltra
99% magnesium protoporphyrin IX
70% phosphoribosylglycinamide fo
65% inositol 3-methyltransferase
65% phosphoribosylglycinamide fo
63% aspartate carbamoyltransfera:
62% glycine amidinotransferase
61% inositol 3-methyltransferase

1
fyn human VTLFVALYDY EARTEDDLSF HKGEKFQILN SSEGDWWEAR
yrk chick VILFIALYDY EARTEDDLSF QKGEKFHIIN NTEGDWWEAR
fgr human VILFIALYDY EARTEDDLTF TKGEKFHILN NTEGDWWEAR
yes_chick VIVFVALYDY EARTTDDLSF KKGERFQIIN NTEGDWWEAR
src_avis2 VITFVALYDY ESRTETDLSF KKGERIQIVN NTEGDWWLAH
src_aviss VITFVALYDY ESRTETDLSF KKGERIQIVN NTEGDWWLAH
src_avisr VITFVALYDY ESRTETDLSF KKGERIQIVN NTEGDWWLAH
src_chick VITFVALYDY ESRTETDLSF KKGERIQIVN NTEGDWWLAH
stk _hydat VTIFVALYDY EARISEDLSF KKGERIQIIN TADGDWWYAR
SYC_TYSVPA ceeeeecens ESRIETDLSF KKRERIQIVN NTEGTWWLAH
hck human ..IVVALYDY EAIHHEDLSF QKGDQMVVLE ES.GEWWKAR
blk mouse ..FVVALFDY AAVNDRDLQV LKGEKIQVLR .STGDWWLAR
hck_mouse .TIVVALYDY EATHREDLSF QKGDOMVVLE .EAGEWWKAR
lyn human ..IVVALYPY DGIHPDDLSF KKGEKMKVLE .EHGEWWKAK
lck _human ..LVIALHSY EPSHDGDLGF EKGEQIRILE QS.GEWWKAQ
ss81_yeast....ALYPY DADDDdeISF EQNEIIQVSD .IEGRWWKAR
abl mouse ..LFVALYDF VASGDNTLSI TKGEKIRVLG YnnGEWCEAQ
abll human..LFWLYDF VASGDNTLSI TKGEKIRVLG YnnGEWCEAQ
srcl drome..VVBLYDY KSRDESDLSF MKGDRMEVID DTESDWWRVV
mysd_dicdi....ALYDF DAESSMELSF KEGDILTVLD QSSGDWWDAE
yfj4_yeast....BLYSF AGEESGDLPF RKGDVITILK ksQNDWWI'GR
abl2 human..LFWBWLYDF VASGDNTLSI TKGEKIRVLG YNQNGEWSEV
tec_human .EIVVAMYDF QAAEGHDLRL ERGQEYLILE KNDVHWWRAR
abll caeel..LFWBLYDF HGVGEEQLSL RKGDQVRILG YNKNNEWCEA
txk human ..... ALYDF LPREPCNLAL RRAEEYLILE KYNPHWWKAR
yha2 yeastVRRVRLYDL TTNEPDELSF RKGDVITVLE QVYRDWWKGA
abpl sacex....AEYDY EAGEDNELTF AENDKIINIE FVDDDWWL.GE

50
SLTTGET&I
SLSSGAT& I
SLSSGKTQATI
SIATGKT&I
SLTTGQT& I
SLTTGQT& I
SLTTGQT& I
SLTTGQT& I
SLITNSE&I
SLTTGOT&I
SLATRKE& I
SLVTGRE&V
SLATKKE& I
SLLTKKEG'I
SLTTGQEG'I
R.ANGETGI
. . TKNGQGVV
. . TKNGQGNV
NLTTRQEGQ.I
L. .KGRRXV
V..NGREGAF
RSKNG.QGVV
D.KYGNE&I
R1rLGEIGVV
D.RLGNEQ.T
L. .RGNMGF
LETTGOQKAF
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Homology transfer accurate for very similar proteins

methyltransferase TRUE FALSE

identity protein

100% guanidinoacetate N-methyltransferase

99% magnesium protoporphyrin IX methyltransferase
70% phosphoribosylglycinamide formyltransferase
65% inositol 3-methyltransferase

65% phosphoribosylglycinamide formyltransferase
63% aspartate carbamoyltransferase

62% glycine amidinotransferase

61% inositol 3-methyltransferase
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Homology transfer accurate for very similar proteins

methyltransferase TRUE FALSE

identity protein

100% guanidinoacetate N-methyltransferase

99% magnesium protoporphyrin IX methyltransferase

70%  phosphoribosylglycinamide formyliransferase 2/3 accuracy ; 2/4 coverage
65% inositol 3-methyltransferase

65% phosphoribosylglycinamide formyltransferase

63% aspartate carbamoyltransferase

62% glycine amidinotransferase

61% inositol 3-methyltransferase
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Homology transfer accurate for very similar proteins

methyltransferase TRUE FALSE

identity protein

100% guanidinoacetate N-methyltransferase

99% magnesium protoporphyrin IX methyltransferase

70%  phosphoribosylglycinamide formyliransferase 2/3 accuracy ; 2/4 coverage
65% inositol 3-methyltransferase

65% phosphoribosylglycinamide formyltransferase

63% aspartate carbamoyltransferase

62% glycine amidinotransferase
61% inositol 3-methyltransferase 3/8 accuracy ; 4/4 coverage
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Homology transfer accurate for very similar proteins

methyltransferase TRUE FALSE

identity protel =L
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Homology transfer accurate for very similar proteins

methyltransferase TRUE FALSE

identity prote J 4
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Some problems of homology transfer

© not all annotations as informative as “methyltransferase”

ID 1433_TRIHA STANDARD; PRT; 262 AA.
DE 14-3-3 PROTEIN HOMOLOG (TH1433).

CC -!- DEVELOPMENTAL STAGE: HIGHEST EXPRESSION DURING THE ACTIVE GROWTH

CC  PERIOD 10-12 HOURS AFTER GERMINATION.
CC -!- SIMILARITY: BELONGS TO THE 14-3-3 FAMILY.

© 70% multi-domain proteins

adaptors and regulatory proteins

Grb2 SHY | SH2 . sH3

Crk = =

Nek Sy Sy S (SE

She HEETRI s
SLP76 Sam o
Grt —@— -
SOCS — SR socs —

SAP 8w

Schlessinger unpublished

60 |5

50 |

Percentage of proteins

10

ol

40 |

30 |

20 §

1

2

3

Ol
B CHOP on 62 proteomes

4 5 6 7 8 9 10
Number of domains

Liu & Rost 2004 Proteins 55:678-686
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Less than 25% have some annotation

coverage of homology transfer
< 10-25%
we clearly need something more!

B Rost, Nair, Liu, Wrzeszczynski & Ofran 2003 CMLS 60 2637-50 © Burkhard Rost (Columbia New York) 9/62



Prediction in terms of energy landscapes
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Prediction in terms of energy landscapes
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Prediction in terms of energy landscapes
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Prediction in terms of energy landscapes
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Prediction in terms of energy landscapes

& Point mutation

() Binding (Substrate/Protein)

& Environmental change (DNA close/pH)
Need to know history to predict!
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Evolution is history!

100 - _ .
g _Seq.uence identity
S 80- implies  structural
(b - - . .
o similarit !
& 60- Y
S -
g i

. Dist
G 40-
S ] +10
S 20- Distance ’
O - from curve=
S : -10
-0

0 50 100 150 200 250
Number of residues aligned

B Rost 1999 Prot Engin 12:85-94
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Evolution is history!

100 - S
] e’
~<\\\\°~<\°
- NS
- i A C L G S ins del cons
80_ A 0 0 0 1.17
- A 0 0 0 0.42
L 0 0 33 0.92
- L 0 0 0 0.74
60— A 3 0 0 1.17
- c 0 33 0 0.74
G 0 0 0 0.48

N
?

Distance -
from curve= -
-10 §

N
2

Percentage sequence identity

o

0 50 100 150 200 250
Number of residues aligned
B Rost 1999 Prot Engin 12:85-94
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SH3

Src-homology 3 domain
one domain of proteins such as
Src tyrosine kinase (STK)

1
fyn_human VILFVALYDY EARTEDDLSF HKGEKFQILN SSEGDWWEAR
yrk_chick VTLFIALYDY EARTEDDLSF QKGEKFHIIN NTEGDWWEAR
fgr human VILFIALYDY EARTEDDLTF TKGEKFHILN NTEGDWWEAR
yes_chick VTVFVALYDY EARTTDDLSF KKGERFQIIN NTEGDWWEAR
src_avis2 VITFVALYDY ESRTETDLSF KKGERIQIVN NTEGDWWLAH
src_aviss VITFVALYDY ESRTETDLSF KKGERIQIVN NTEGDWWLAH
src_avisr VITFVALYDY ESRTETDLSF KKGERIQIVN NTEGDWWLAH
src_chick VITFVALYDY ESRTETDLSF KKGERIQIVN NTEGDWWLAH
stk _hydat VIIFVALYDY EARISEDLSF KKGERIQIIN TADGDWWYAR
SIC_YSVPA eeesees ... ESRIETDLSF KKRERIQIVN NTEGTWWLAH
hck_human ..IVVALYDY EATHHEDLSF QKGDQMVVLE ES.GEWWKAR
blk mouse ..FVVALFDY AAVNDRDLQV LKGEKIQVLR .STGDWWLAR
hck_mouse .TIVVALYDY EATHREDLSF QKGDQMVVLE .EAGEWWKAR
lyn_human ..IVVALYPY DGIHPDDLSF KKGEKMKVLE .EHGEWWKAK

50
SLTTGET& I
SLSSGAT& I
SLSSGKTAI
SIATGKT&I
SLTTGQT& I
SLTTGQT& I
SLTTGQT& I
SLTTGQT& I
SLITNSE& I
SLTTGQT& I
SLATRKE& I
SLVTGRE&V
SLATKKE& I
SLLTKKE&I

lck_human

. .LVIALHSY EPSHDGDLGF EKGEQIRILE QS.GEWWKAQ SLTTGQEGI

ss81_yeast....ALYPY DADDDdeISF EQNEIIQVSD .IEGRWWKAR R.ANGETGII

abl_mouse

. . LFVALYDF VASGDNTLSI TKGEKIRVLG YnnGEWCEAQ . .TKNGQGIV

abll_human..LFRALYDF VASGDNTLSI TKGEKIRVLG YNnGEWCEAQ ..TKNGQGV
srcl_drome..VVBLYDY KSRDESDLSF MKGDRMEVID DTESDWWRVV NLTTRQEQ.I
mysd_dicdi....ALYDF DAESSMELSF KEGDILTVLD QSSGDWWDAE L. .KGRRXV
yfj4_yeast....BLYSF AGEESGDLPF RKGDVITILK ksQNDWWIGR V. .NGREGF
abl2_human..LFRLYDF VASGDNTLSI TKGEKIRVLG YNONGEWSEV RSKNG.QGTV

tec_human .EIVVAMYDF QAAEGHDLRL ERGQEYLILE KNDVHWWRAR

D.KYGNE& I

abll_caeel..LFRLYDF HGVGEEQLSL RKGDQVRILG YNKNNEWEA R1rLGEIGIV
txk human ..... ALYDF LPREPCNLAL RRAEEYLILE KYNPHWWKAR D.RLGNEGQI
yha2_yeastVRRVRLYDL TTNEPDELSF RKGDVITVLE QVYRDWWKGA L. .RGNMGLIF
abpl_sacex....AEYDY EAGEDNELTF AENDKIINIE FVDDDWWLGE LETTGQKQAF
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SH3

Src-homology 3 domain

one domain of proteins such as
Src tyrosine kinase (STK)

1
fyn_human VILFVALYDY EARTEDDLSF HKGEKFQILN SSE
yrk_chick VTLFIALYDY EARTEDDLSF QKGEKFHIIN NTE
fgr_ human VILFIALYDY EARTEDDLTF TKGEKFHILN NTE
yes_chick VTVFVALYDY EARTTDDLSF KKGERFQIIN NTE

50
SLTTGET& I
SLSSGAT& I
SLSSGKTAI
SIATGKT&I

src_avis2 VITFVALYDY ESRTETDLSF KKGERIQIVN NTE

DWWJAH SLTTGQT&I

src_aviss VITFVALYDY ESRTETDLSF KKGERIQIVN NTE
src_avisr VITFVALYDY ESRTETDLSF KKGERIQIVN NTE
src_chick VITFVALYDY ESRTETDLSF KKGERIQIVN NTE

stk_hydat VIIFVALYDY EARISEDLSF KKGERIQIIN TAD!
SIC_YSVPa «eeeeee ... ESRIETDLSF KKRERIQIVN NTE¢
hck_human ..IVVALYDY EATHHEDLSF QKGDQMVVLE ES.
blk _mouse ..FVVALFDY AAVNDRDLQV LKGEKIQVLR .ST¢
hck_mouse .TIVVALYDY EATHREDLSF QKGDQMVVLE .EAG
lyn_human ..IVVALYPY DGIHPDDLSF KKGEKMKVLE .EH(
lck_human ..LVIALHSY EPSHDGDLGF EKGEQIRILE QS.
ss81_yeast....ALYPY DADDDdeISF EQNEIIQVSD .IE

abl_mouse ..LFVALYDF VASGDNTLSI TKGEKIRVLG Ynn(
abll_human..LFRALYDF VASGDNTLSI TKGEKIRVLG Ynn

DWWJAH SLTTGQT&I
DWWJAH SLTTGQT&I
DWWJAH SLTTGQT&I
R SLITNSE&I
H SLTTGQT&I
R SLATRKE& I
R SLVTGRE&V
R

K

Q

SLATKKE& I
SLLTKKE&I
SLTTGQE&I
R R.ANGETGII
EWCHAQ . .TKNGQGV
EWCHAQ . .TKNGQGV

srcl_drome..VVBLYDY KSRDESDLSF MKGDRMEVID DTE

DW V NLTTRQEQI

mysd_dicdi....ALYDF DAESSMELSF KEGDILIVLD QSS

DWWDAE L. .KGRRXV

yfj4_yeast....®BLYSF AGEESGDLPF RKGDVITILK ksQND R V. .NGREGIF
abl2_human..LFRLYDF VASGDNTLSI TKGEKIRVLG YNQ!
tec_human .EIVVAMYDF QAAEGHDLRL ERGQEYLILE KNDY
abll_caeel..LFRLYDF HGVGEEQLSL RKGDQVRILG YNK]
txk human ..... ALYDF LPREPCNLAL RRAEEYLILE KYNJ
yha2_yeastVRRVRLYDL TTNEPDELSF RKGDVITVLE QVYH
abpl_sacex....AEYDY EAGEDNELTF AENDKIINIE FVD]

GEWS[EV RSKNG.Q@&V
HWWRAR D.KYGNE& I
INEWJEA R1rLGEIGVV
HWWKAR D.RLGNEQI
DWWKGA L. .RGNMGF
D E LETTGQKQ@F
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Evolution improves prediction
é.!a 0{ m P //‘. P g g 5 a P ./

WA
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Evolution improves prediction
é.!a 0{ m P //‘. P g g 5 a P ./
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Evolution improves prediction
é.!a 0{ m P //‘. P g g 5 a P ./

7 IN—.
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11. Focus:
Predict physical
protein-protein
interactions




Henry
'Bigelow |

Bertona ] nchy

Voiﬁr
| f varlch

Makeo
Punta

" y
" Darek 4 ) & - LI

2290yl b N_Ken Carter,
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1999: Want to predict protein-protein partners

© Implement simple method to do this
failed entirely: too many false positives

Two-fragment input Local
region of Neural net-
interaction work
in out

fragments
interact?

| uiajoid ul sanpisal
residues in protein 2
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1999: Want to predict protein-protein partners
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1999: Want to predict protein-protein partners

le method to do this
failed entirely: too
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1999: Want to predict protein-protein partners

le method to do this
failed entirely: too

© Reduce false positives:
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1999: Want to predict protein-protein partners

le method to do this
failed entirely: too

© Reduce false positives:

predict surface residues (PROFacc, 1999)
note: 1/2 of residues -> 1/4 of false positives!
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1999: Want to predict protein-protein partners

le method to do this
failed entirely: too

© Reduce false positives:

predict surface residues (PROFacc, 1999)
note: 1/2 of residues -> 1/4 of false positives!

D predict residues in external interfaces (ISIS, 2004)

© Burkhard Rost (Columbia New York) ]7/ 62



Different interfaces = different physics?

HIV gp120 / CD4 / FAB

PD Kwong, R Wyatt, J Robinson, RW Sweet, J Sodroski & WA Hendrickson (1998) Nature 393, 648-659.
PD Kwong, R Wyatt, S Majeed, J] Robinson, RW Sweet, J Sodroski & WA Hendrickson (2000) Structure 8, 1329-1339.

© Burkhard Rost (Columbia New York) 1 8/ 62



Different interfaces = different physics?

¥y "
b | - e

At least 6 types of interfaces differ in sequence!

Internal (inter-domain and intra-domain)
External homomers (permanent/transient)
External heteromers (permanent/transient)

Y Ofran & B Rost (2003) J Mol Biol 325, 377-87

© Burkhard Rost (Columbia New York) 1 8/ 62



Interface types differ in composition

[5 Amino acid compositions in different types of interfaces
2 06 S I S B B— — —— I I I
=B . . : . i
A m chain-chain ® internal = protein-protein
=
»v 02 ‘ ‘ 1 .
=
a‘ 0 i w#tlt thIl IJ'x :‘fTr rlfx i 1 i i f
5
% 02 ‘
e
= -04
)
L?; 06
3 interface types: g 038

| ir;ltemalh 4 k=

= protein-protein E;‘* -10
g .12
5

protein A ‘}T-: -1 4 ) ; ) : : . . ! ! ! | |
chog - R K D E H Q N S T I L M F VWY P A C G

protein B protein B
chain 1 chain 2

Y Ofran & B Rost 2003 J Mol Biol 325:377-87
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Are these differences statistically significant?

Y Ofran & B Rost 2005 submitted
© Burkhard Rost (Columbia New York) 20/ 62



Are these differences statistically significant?

() Chi-square test:

() known problem: small data sets
() here millions of points

Y Ofran & B Rost 2005 submitted
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Are these differences statistically significant?

() Chi-square test:

() known problem: small data sets
() here millions of points

@ all differences < 10-300
-> SIGNIFICANT

Y Ofran & B Rost 2005 submitted
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Are these differences statistically significant?

() Chi-square test:

() known problem: small data sets
() here millions of points

@ all differences < 10-300
-> SIGNIFICANT

)... unfortunately also:
proteins [a-b] vs [c-d]

1 vs 2 authors
random subsets ...

Y Ofran & B Rost 2005 submitted
© Burkhard Rost (Columbia New York) 20/ 62



Find-self test (statistical significance)

data set 1 data set 2 data set 3

repeat R times

» perform procedure for P2 and P3

Y Ofran & B Rost 2005 submitted
© Burkhard Rost (Columbia New York) 2]/ 62



Find-self test on six types of interfaces

do

oo

oo

oo

memal &Sy (900 | 65 3| -] 21| 2
o domain 53 812 | 2| -|128| 5
O tigomer oty | - | 2925 | -| 12| 61
homcgligomer :. - - - 1000 - ]
hetere omer Gl | 18130 | 7| -|811 | 34
e, - | 8| 58| -| 38 |896

Y Ofran & B Rost 2003 J Mol Biol 325:377-87
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Using evolution to predict structure

Sequence - PSI-BLAST —»{Filter

PHDsec

Protein

Alignments|

profile table

L MOH0 SZ2000S0agmag <—=0.

M AAEL WUN-Z0-m00=mmDd g0
-0 MAERCQZO0WOOmeEmD ~Am~o-
cME-ELD MARCQZOWO0OMERD M~

im0 mmEQZ0W00CSenD S==0e

GSAPD NTEK(Q CVHIR LMYFW

FR S S T
(5]

. corresponds 1o the the 213 hits coding for the profile of one residue

B Rost 1996 Meth Enzymol 266:525-539

19

93

pick
rnaximal
unit
=
Curment
prediction

secomd or
ourput layer

st or
laver hidden laver
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More complex system to predict structure

Sequence > PSI-BLAST »{Filter

CPROFsec
PROFacc

1999

'_plm->pnor4'

mAetirn_zBmmonE

SPLIT again

Cccaatetel teieleletetelelelalolelel

-

v
JURY over 20

Vv

secondary structure
solvent accessibility
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Much more complex system for function

© Burkhard Rost (Columbia New York) 25/ 62



Much more complex system for function

s
PDB UCSD daily
SWISS-PROT Geneva weekly
TrEMBL EBI Hinxton UK weekly

Se| HSSP EBI monthly

| FSSP EBI monthly
DIP UCLA manually
Pfam Sanger Hinxton UK manually
EVAdb internal daily
BIG internal weekly

C PEP internal weekly

© Burkhard Rost (Columbia New York) 25/ 62



What makes it work?

© Evolutionary information:
) Optimally choosing profile

) Explicitly using conserved residues

© (Predicted) 1D Structure
important: good prediction + used correctly

) Surface residues

) Secondary structure
© Mark low-complexity and sticky

© Filtering “isolated predictions”

© Burkhard Rost (Columbia New York) 26/ 62



Strength of prediction reflects reliability?

D(N)
R(P)
orP)
~ G(P)

) F(P)
ViP) ™
P(P)
AMN) 7
A(N)

< YN
V(P)
K(P)
K(P)

SRS ROSZErR=D0TIOHT N
(o]e]lo]o]elelele] lelelelelelelelelelelo]e)

-~
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Strength of prediction reflects reliability?

strong| |weak

0.9 0.6

0.1 0.4

S ESd RO TZEC A= OTHTNE
(o]elolelelelele] lolelelolelslelelelelele)]

© Burkhard Rost (Columbia New York) 27/ 62



PP interfaces predicted from sequence

0-9_" T T T BN LI R L LN
' —o—ISIS H
0.8 —¥—sequence only ]
—x—random 1

0.7

o
fo)

o
&

Accuracy (correctly predicted/predicted)

Q :
(o

0 01 02 03 04 05 06 07
Coverage (correctly predicted/observed)

Y Ofran & B Rost 2003 FEBS Lett 544:236-9
Y Ofran & B Rost 2006 submitted
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Prediction of hot spots for CD4

. | I BN ]
b alamne Scan fOI' KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQ
V1 domain of CD4
Il N HE B [ ]
(bound to gp 1 20) GSFLTKGPSKLNDRADSRRSLWDQGNFPLIIKNLKIEDSD
(A Ashkenazi et al. & DJ Capon (1990)
PNAS 87, 7150) E 0B <« observed to strongly impact binding
TYICEVEDQKEEVQ <+ sequence
red: observed
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Prediction of hot spots for CD4

. | Il NN I
e alanine scan for KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQ
V1 domain of CD4 — o W
Il 1 B i B [ ]
(bound to gp 1 20) GSFLTKGPSKLNDRADSRRSLWDQGNFPLIIKNLKIEDSD
(A Ashkenazi et al. & DJ Capon (1990) H B § Em=& -
PNAS 87, 7150) HE HN < observed to strongly impact binding
TYICEVEDQKEEVQ <« sequence
red: observed BEEE - predicted by ISIS

purple: predicted

(Y Ofran & B Rost (2006) ISIS submitted)
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Prediction of hot spots for CD4

. | Il NN I
e alanine scan for KKVVLGKKGDTVELTCTASQKKSIQFHWKNSNQIKILGNQ
. I Il B
V1 domain of CD4
Il 1 B i B L]
(bound to gp 1 20) GSFLTKGPSKLNDRADSRRSLWDQGNFPLIIKNLKIEDSD
(A Ashkenazi et al. & DJ Capon (1990) Il I B § Em=s _—
PNAS 87, 7150) HE HN < observed to strongly impact binding
TYICEVEDQKEEVQ <« sequence
red: observed BEEE < predicted by ISIS

purple: predicted

(Y Ofran & B Rost (2006) ISIS submitted)

. Observed / predicted .,

e structure:

PD Kwong et al. & WA Hendrickson
(2000) Structure 8, 1329-1339.
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Hot spots reliably predicted from sequence!

hottest of hot = no error!

0.8L
z | worst:
5 0o 1 >»60%
E%Mi_ llaccuracy
<C

0.2F o v

O- ..............................

0 0.1 0.2 0.3 0.4 0.5 0.6

Coverage/Sensitivity
Y Ofran & B Rost 2006 submitted © Burkhard Rost (Columbia New York) 30/ 62



Predict protein-protein binding partners

&> Reducing false positives:
IZ predict surface residues (PROFacc, 1999)

g predict residues in external interfaces (ISIS, 2004)
lz predict residues saturated internally (PROFcon, 2004)
D localization (e.g. only all nuclear, LOCtree, 2004)
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Predict protein-protein binding partners

&> Reducing false positives:
g predict surface residues (PROFacc, 1999)

g predict residues in external interfaces (ISIS, 2004)
g predict residues saturated internally (PROFcon, 2004)
g localization (e.g. only all nuclear, LOCtree, 2004)

g predict residues in protein-substrate interfaces (active)
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Most predictions are discoveries!

M Prediction includes known binding motif

0.7

Fraction 0.6
for which 0 5
DNA/RNA
binding 0.4
known
0.3

0.2
0.1
0

Y Ofran & B Rost 2006 in preparation © Burkhard Rost (Columbia New York) 34/ 62



Predict protein-protein binding partners
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Predict protein-protein binding partners

&) Reducing false positives:
B’ predict surface residues (PROFacc, 1999)
g predict residues in external interfaces (ISIS, 2004)
B’ localization (e.g. only all nuclear, LOCo, 2004)
@ predict residues in protein-substrate interfaces (active)

g predict residues saturated internally (PROFcon, 2004)
g predict protein domains/improve alignments (2003/2004)

@ Put all together and predict
binding partners!
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II1. In passing:
Predict subcellular
localization




Predict sub-cellular localization

& Homology
O Alignment
O Text analysis

© Motifs

& De novo

) structure
() sequence

© Protein-protein
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Hierarchical prediction system

\ CYTOSOL

|
| NUCLEUS | l PEROXISOME

‘ MITOCHONDRIA PLASTIDS ‘

| ENDOPLASMICRETICULUM |

GOLGI

LYSOSOME L SECRETORY
VESICLES
ENDOSOME

KEY: mmm gated transport
= transmembrane transport
B vesicular transport

B Alberts et al. (1994) The Cell Garland
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Hierarchical prediction system

| CYTOSOL

| NUCLEu31| l

MITOCHONDRIA

' PEROXISOME
PLASTIDS

| ENDOPLASMICRETICULUM |

GOLGI

LYSOSOME L SECRETORY
VESICLES
ENDOSOME

KEY: mmm gated transport
= transmembrane transport
B vesicular transport

B Alberts et al. (1994) The Cell Garland

LOChom

p>0.95

LOCkey
~

Secreted/
Non-secreted?

~

&

R Nair & B Rost (2005) JMB 348 85-100
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Complete map of localization

_____ II

Arabidopsis thaliana

]

'l Extra-cellular
[ Organelles
' Nuclear

' Cytoplasm
[ Mitochondria
‘[ Chloroplast

Saccharomyces cerevisiae

R Nair & B Rost 2005 JMB 348:85-100
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SWISS-PROT: transcription factor E2F-1

Description Transcription factor E2F1 (E2F-1) (Retinoblastoma binding protein 3) (RBBP-3) (PRB-
binding protein E2F-1) (PBR3) (Retinoblastoma-associated protein 1) (RBAP-1).

Gene name(s) E2F1 OR RBBP3.

Organism source Homo sapiens (Human).

Taxonomy Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria;

Primates; Catarrhini; Hominidae; Homo.
Comments

TRANSCRIPTION ACTIVATOR THAT BINDS DNA COOPERATIVELY WITH DP PROTEINS
THROUGH THE E2 RECOGNITION SITE, TTTCC/GCGC, FOUND IN THE PROMOTER REGION
OF A NUMBER OF GENES WHOSE PRODUCTS ARE INVOLVED IN CELL CYCLE REGULATION
FUNCTION OR IN DNA REPLICATION. THE DRTF1/E2F COMPLEX FUNCTIONS IN THE CONTROL OF
CELL-CYCLE PROGRESSION FROM G1 TO S PHASE. E2F-1 BINDS PREFERENTIALLY RB1
PROTEIN, IN A CELL-CYCLE DEPENDENT MANNER. IT CAN MEDIATE BOTH CELL
PROLIFERATION AND PS3-DEPENDENT APOPTOSIS.

COMPONENT OF THE DRTFI/E2F TRANSCRIPTION FACTOR COMPLEX. FORMS
HETERODIMERS WITH DP FAMILY MEMBERS. THE E2F-1 COMPLEX BINDS SPECIFICALLY
HYPOPHOSPHORYLATED RETINOBLASTOMA PROTEIN RB1. DURING THE CELL CYCLE, RB1
SUBUNIT BECOMES PHOSPHORYLATED IN MID-TO-LATE G1 PHASE, DETACHES FROM THE DRTF1/
E2F COMPLEX, RENDERING E2F TRANSCRIPTIONALLY ACTIVE. VIRAL ONCOPROTEINS,
NOTABLY E1A, T- ANTIGEN AND HPV E7, ARE CAPABLE OF SEQUESTERING RB PROTEIN,

THIIS REI.FASING THE ACTIVE COMPI .FX.

SUBCELLULAR NUCLEAR.

LOCATION

Transcription regulation; Activator; DNA-binding; Nuclear protein; Phosphorylation; Cell cycle;
Apoptosis; Polymorphism;
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SUBUNIT BECOMES PHOSPHORYLATED IN MID-TO-LATE G1 PHASE, DETACHES FROM THE DRTF1/
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Localization: better and more detail

http://www.rostlab.org/services/nlprot/

References
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Library
of Medicine
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machine-reading literature and
building databases from extracted information
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IV. In passing:
Function from 3D-
Structural Genomics




Structural genomics: 1 structure / family for all

B Rost 1998 Structure 6:259-263



Speeding up structure determination

« today: more structures in 27 days than in first 27 years

* 8% ‘new sequence-structure family’
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Speeding up structure determination

o today: more structures in 27 days than in first 27 years

« 8% ‘new sequence-structure family’

Acronym

JCSG
MCSG
NYSGRC
NESG
Gene3D
CESG
CHTSB
CSMP
ICSFI

Name

The Joint Center for Structural Genomics

The Midwest Center for Structural Genomics

New York Structural Genomics Research Consortium
Northeast Structural Genomics Consortium
Accelerated Technologies Center for Gene to 3D Structure
Center for Eukaryotic Structural Genomics

Center for High-Throughput Structural Biology

Center for Structures of Membrane Proteins

Integrated Center for Structure and Function Innovation

NYCOMPS New York Consortium on Membrane Protein Structure

BSGC
SECSG
SGPP
S2F
SGC

PSF
PSB
SGM
YSG
SPINE

RSGI

Berkeley Structural Genomics Center

The Southeast Collaboratory for Structural Genomics
Structural Genomics of Pathogenic Protozoa Consortium
Structure to function

Structural Genomics Consortium

Protein Structure Factory
Partnership for Structural Biology
Structural Genomics of Micobacteria
Yeast Structural genomics

Structural Proteomics in Europe

RIKEN Structural Genomics Initiative

F139 §eeEsasEssaaEs g
>$150M/year

Japan
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Speeding up structure determination

o today: more structures in 27 days than in first 27 years

« 8% ‘new sequence-structure family’
Acronym  Name Country

JCSG The Joint Center for Structural Genomics

MCSG  The Midwest Center for Structural Genomics
NYSGRC New York Structural Genomics Research Consortium
NESG Northeast Structural Genomics Consortium

USA

USA

USA

USA (.
Gene3D  Accelerated Technologies Center for Gene to 3D Structure USA S
CESG Center for Eukaryotic Structural Genomics USA QO
CHTSB  Center for High-Throughput Structural Biology USA >\.
CSMP Center for Structures of Membrane Proteins USA ~—
ICSFI Integrated Center for Structure and Function Innovation USA 2
NYCOMPS New York Consortium on Membrane Protein Structure USA
BSGC  Berkeley Stuctural Genomics Center USA ->)
SECSG  The Southeast Collaboratory for Structural Genomics USA V)
SGPP Structural Genomics of Pathogenic Protozoa Consortium USA —
S2F Structure to function USA oy
SGC Structural Genomics Consortium Canada /\
PSF Protein Structure Factory Germany
PSB Partnership for Structural Biology France
SGM Stuctural Genomics of Micobacteria France
YSG Yeast Structural genomics France
SPINE  Stuctura Proteomics in Europe Europe
RSGI RIKEN Structural Genomics Initiative Japan
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Structure reveals function

Claudia Bertonati, Sharon Goldsmith-Fischman &
Barry Honig, unpublished

Total: 88 structures Total: 60 hypthetical

NOVEL FUNCTION

ANNOTATION
(51)

(A) Target IR24 (B) Target ER30 (C) Target ER75

W
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Automatic annotation of function

MODEL/PDBIid: XXX

Analysis

Protein Information

Protein name Protein CGI-126 (HSPC155).

Databases

Organism Homo sapiens
Gene Name Name=Ufcl;
Sequence Annotation
Sequence R
g Genomic Context

Chain: A Length: 175 AA
MADEATRRVVSEIPVLKTNAGPRDRELWVQRLKE
EYQSLIRYVENNKNADNDWFRLESNKEGTRWFGK
CWYIHDLLKYEFDIEFDIPITYPTTAPEIAVPEL
DGKTAKMYRGGKICLTDHFKPLWARNVPKFGLAH
LMALGLGPWLAVEIPDLIQKGVIQHKEKCNQLEH
HHHHH

Structure Classification
Available Literature

Sequence

Sequence Similarity

Jmol Sequence Motifs

Structure
Structure Function Strctor Mo s
Structure Motifs

Conservation Map

Predictions-Predictions-Predictions-Prediction

Secondary Structure Fully Automated Servers Electrostatic Potential
TM, coiled coil, low complexity Subcellular Localization Cavities

Disorder Region Predictions Posttraslational Modifications

B-factors

Metal Binding Sites
Protein-Protein interaction
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Automatic annotation of function

MODEL/PDBIid: XXX

GeneTegrate

Protein Information

Protein name Protein CGI-126 (HSPC155).

Analysis

Databases

Organism Homo sapiens
Gene Name Name=Ufcl;
Sequence Annotation
Sequence R
g Genomic Context

Chain: A Length: 175 AA
MADEATRRVVSEIPVLKTNAGPRDRELWVQRLKE
EYQSLIRYVENNKNADNDWFRLESNKEGTRWFGK
CWYIHDLLKYEFDIEFDIPITYPTTAPEIAVPEL
DGKTAKMYRGGKICLTDHFKPLWARNVPKFGLAH
LMALGLGPWLAVEIPDLIQKGVIQHKEKCNQLEH
HHHHH

Structure Classification
Available Literature

Sequence

Sequence Similarity

Jmol Sequence Motifs

Structure
Structure Function Strctor Mo s
Structure Motifs

Conservation Map

Predictions-Predictions-Predictions-Prediction

Secondary Structure Fully Automated Servers Electrostatic Potential
TM, coiled coil, low complexity Subcellular Localization Cavities

Disorder Region Predictions Posttraslational Modifications

B-factors

Metal Binding Sites
Protein-Protein interaction
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GeneTegrate: ontology for comp bio

Data flowechart for PredictProtein

s to see details

Method update

PredictProtein

e growing since 1992
¢ >50,000 users
e from 102 countries

www.predictprotein.org/doc/flowchart/syn.html

© Burkhard Rost (Columbia New York)
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GeneTegrate: ontology for comp bio

Data flowechart for PredictProtein

PredictProtein

° growing since 1992
¢ >50,000 users
e from 102 countries

www.predictprotein.org/doc/flowchart/syn.html

beneTegrale Yechiam Yemini (CU)

Yoav Freund (UCSD), Gal Kaiser (CU), Ken Ross (CU)

© 5 challenges:

@ Diversity, Confidence, Scaling, Complexity, Reuse
© Solution:

@ ontology for computational biology

@ unified abstractions of enriched object-relationship semantic layer

@ classifier-based indexing, look-ahead caching, generalized object-
relationship spreadsheet
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PiNat (Protein Interaction Network analysis tool)

Search DiP, -
IntAct for PPl

Display in a
cellular context

e
protein 1 uniprot
protein 2
protein 3 Get = ~
I I Sequences Genbank

]
Submit proteins of Other seq
interest db
Extra-

cellular
membrang v

cytoplasm

s
organelles nuclaus mitachondrion

Y Ofran et al. 2006 Bioinformatics

ff—
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|

|

lsssessco )

Assess
each PPI
protein | protein srore
1 2
P P4 Loy
Generate P Pa0 MNeutral
network P& Pg Meutral
P10 Pa High
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P11 PG Meutral
P? P24 Meutral
Ps =5 LOwy
F3 P34 LWy
FEd P4 MNeutral
Ps =51 High
P F2 Meutral
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V. In passing:
Model organisms pose
problems for protein-

protein interactions




Can we transfer binding through homology?

© Obviously, otherwise no value in model
organisms ...

o O

similarity > X | |
0-+0

©Sven Mika & Burkhard Rost (Columbia New York) 54/62
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Inter and Intra-species the same?
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Inter and Intra-species the same?

similarity > X

°<%> Q Human
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Much better intra-species

10 ———

worm (C.Elegans)

Homology-Inference

A WOrm vsS worm
L1 worm vs non-worm

BUSH

—

'—I
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|.|
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HSSP

70

— 10

©Sven Mika & Burkhard Rost (Columbia New York)
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Conclusions

& Transient protein-protein interfaces specific
-> specific prediction very accurate

& Localization predicted at levels of accuracy
similar to high-throughput experiments

& Structural genomics is increasingly impacting
biology; it builds on computational biology

& Evolution provides the key for de
novo prediction of (protein) function
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X=http://www.rostlab.org

@PredictProtein PP X/predictprotein/

QMETA-PP X/meta/submit_meta.html

QEVA X/eva/

@ services: X/services/
@LOCtree X/services/loctree/
¢)PredictNLS X/predictNLS/
¢INORSp X/services/norsp/
¢)DSSPcont X/services/dsspcont/
©INLProt X/services/nlprot/ “\‘“\\
@ CHOP/CHOPnet X/services/chop/ CHOP
Q@ISIS X/services/isis/

gdatabases:  X/db/ PEP
OPEP X/db/PEP/
@ CellCycleDB X/db/cellcycledb/ s '
@& NMPdb X/db/mmpdb/ MD
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