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Protein sequences, structures and functions

1. 'Il*anscriﬁtlon ]

gt lrre
B 3
o
o
A\ " g
iy -
h

Qg .Sy Anticodon
‘/goprotems /

Protein synthesis

Molecular chaperonin
GroEL

heptamer

(Dr Jianpeng Ma, Harvard Univ.)



The interactome

a Genetic pathways b Pathway scaffolding
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Walhout, A. J. & Vidal, M. (2001). Protein interaction maps for model organisms. Nat Rev Mol Cell Biol 2(1), 55-62.



Experimental determination of the interactome
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Protein Interaction Networks (“interactome”)
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Quality of the high-throughput interaction data

Table 1

Large protein interaction screens for eukaryotes

Organism (genes) Method Interactions® Proteins Reference

Yeast (~6000) Yeast two-hybrid 967 1004 [63] .
Yeast two-hybnd 4549 3278 [13] Overlap !
Yeast two-hybrd 420 271 [64,65] 6 Int |
To-ATTHMS = Tons (0] -
Co-AP/MS 3ETR 1578 [67]

Dvozophila (~14 000) Yeast two-hybrnd 20405 T048 [49]
Yeast two-hybrd 1214 488 [14]

Worm (~20 000) Yeast two-hybnd 4027 1926 [68]

*For two-hybrd screens, the approximate number of unique binary interactions is shown. For co-APMS screens, the approximate number of binary
interactions that would result if each bait protein contacted every protein that co-purified with it (the “*hub and spoke™ model) is shown. Data can be
retrieved from one of the databases cited [42-44]

Estimation (yeast): 12.000-40000 ints. (6000 prots.)

Uetz, P. and Finley, R.L., Jr. (2005) From protein networks to biological systems. FEBS Lett, 579, 1821-1827.



Quality of the high-throughput interaction data
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Quality of the high-throughput interaction data
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Retrieving protein relationships from the literature

(text mining)
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Retrieving protein relationships from the literature. iHop
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Robert Hoffmann & Alfonso Valencia. (2004). A gene network for navigating the literature. Nature Genetics 36, 664.

MDM2 is cleaved by Caspase 3 (CPP32) during apoptosis after aspartic acid-361, generating a 60 kd fragment.

These findings indicate that IR-induced apoptosis involves activation of CPP32 and that this CrmA-insensitive apoptotic pathway is [Z] =
distinct from those induced by LT3 and certain other stimuli.

H=

CAT1, CCR1, GLC2, HAF3, Saccharomyces cerevisiae

PAS14

SNF1

NCEI Protein NP_010765

The snf1 mutation also suppresses the glucose repression defects of reg1.

The SIP1 protein co-immunoprecipitated with SNF1 and was phosphorylated in vitro.

Here we show that Reg1 interacts with the Snf1 catalytic domain in the two-hybrid system.

Previous studies showed that Reg1 regulates the Snf1 protein kinase in response to glucose.

The SNF4 protein is physically associated with SNF1 and positively affects the kinase activity.

The Sip1 protein is known to undergo phosphorylation when associated in vitro with the Snf1 protein kinase.
Genetic evidence indicated that the catalytic activity of Snf1 negatively regulates its interaction with Reg1.

The SNF1 protein kinase and the associated SNF4 protein are required for release of glucose repression in Saccharomyces
cerevisiae.

We show that different sequences of Reg1 interact with Glc7 and Snf1.
In two-hybrid assays, one SNF4 mutation enhances the interaction between Snfd4 and Snf1.
Previously, we identified SIP1 and SIP2 as proteins that interact with SNF1 in vivo by the two-hybrid system.

Previous experimental evidence had indicated that Reg1 might target Glc7 to nuclear substrates such as the Snf1 kinase complex.

The catalytic subunits of Arabidopsis SnRKs, AKIN10 and AKIN11, interact with Snf4 and suppress the snfl and snf4 mutations in
yeast.

Pak1 associates with the Snf1 kinase in vivo, and the association is greatly enhanced under glucose-limiting conditions when Snf1 is b &
active.

We show that SNF4 binds to the SNF1 regulatory domain in low glucose, whereas in high glucose the regulatory domain binds to the
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In-silico prediction of protein interactions

a) phylogenetic profiles b) conservation of C) gene fusion
gene neighbouring ota  protb

prot.a prot.b prot.c prot.d 0
org.1 - HE —- prot. a org. 1 -—jil}—_F

org.1 1 1 1 1
org. 2 01 0 1 org. 2 - 0 m— Itb prot. ab
orgg 3 1 0 1 0 org. 3 - - PffEI- org. 2 - —— I —
org.4 1 0 1 1 org. 4 .. | | E— |
’ S oD
e) correlated mutations d) similarity of phylogenetic trees
prot. a prot. b
multiple  org.1
sequence rqg. 8F :
alignments 8r8.§ § %Fgé
(MSA) 8{8:% org:
reduced
MSAs

reduced
MSAs
intra- and inter- & implicit

protein correlated trees
mutations
intra-protein inter-protein o oo ®ec0o
—_— . . R
correlation | Coa _ Cob _ Cap Gistance .t .
values 00 |m - — matrices ° °
. . . . | | ]
distributions = —8 -
[ | [ | [ |
+1.0 | == — ] . r: similarity
i between
di /
+ ¥ aandbtrees

interaction index betweenaandb d2
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Conservation of gene neighboring
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Gene Fusion
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Phylogenetic Profiles
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H(A) = - Zp(a) In p(a)
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Pellegrini, M., Marcotte, E. M., Thompson, M. J., Eisenberg, D. & Yeates, T. O. (1999). Assigning protein functions by comparative
genome analysis: Protein pylogenetic profiles. Proc Natl Acad Sci USA. 96, 4285-4288.

*Date, S. V. & Marcotte, E. M. (2003). Discovery of uncharacterized cellular systems by genome-wide analysis of functional linkages. Nat
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Phylogenetic Profiles

Logic statement

C is present in a genome if and only if (iff)
A and B are both present

C is present iff Ais absent or B is absent
C is present iff Ais present or B is present
C is present iff Ais absent and B is absent

Cis present iff Ais present and B is absent, or
C is present iff Ais absent and B is present

C is present iff B is present or A is absent, or
C is present iff B is absent or A is present

C is present iff one of either A or B is present

C is present iff A and B are both present or
A and B are both absent

Cc

Proteins

Phylogenetic profiles

dHE R

Genomes

D

Type 1. Pilus assembly protein TadG (COG4961) is present in a genome if and

only if (IFF) pilus protein TadC (COG2064) and periplasmic protein TonB (COG0810)
are both present. TadG and TadC are members of the type IV pili that form
membrane associated filaments involved in bacterial pathogenicity. TonBis a
periplasmic protein linking the inner and outer membrane.

Biological examples of LAPP

Type 3. Shikimate 5-dehydrogenase (COGO0169) is present IFF 3-dehydroquinate
dehydratase Il (COGO0757) OR 3-dehydroquinate dehydratase (COG0710) is
present. The two dehydroquinate dehydratase protein families offer alternate and
equivalent enzymatic steps that immediately precede shikimate 5-dehydrogenase
in the synthesis of aromatic amino acids.

Type 5. An archaeal DNA-binding protein (COG1581) is present IFF an ATPase
involved in DNA repair (COG0419) is present and a mismatch repair ATPase (MutS
family, COG0249) is absent. These results suggest that COG1581 may play a role
in archaeal mismatch DNA-repair, complementary to the role of COG0419 in
bacteria.

Type 7. DNA-directed RNA polymerase, subunit K/omega (COG1758) is present
IFF one of either the DNA-directed RNA polymerase, subunit E' (COG1095) or the
RecG-like helicase (COG1200) is present. These data hint at possible activities for
the individual subunits of the DNA-directed RNA polymerase complex in eukaryotes,
archaea, and bacteria.

*Bowers, P.M., Cokus, S.J., Eisenberg, D. and Yeates, T.0. (2004) Use of logic relationships to decipher protein network organization.

Science, 306, 2246-2249.



Phylogenetic Profiles
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Based on correlated mutations (i2h)
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Based on
correlated mutations
(i2h)
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Based on correlated mutations (i2h)
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Comparison with old methods

% false positives  ROC area

mirrortree 23.4 0.71
mirrortree with tree distances 21.9 0.73
tol-mirrortree 14.9 0.79

P(N) values (sign test):

—N mirrortree | mirrortree tree dist. | ftol-mirrortree

mirrortree
mirrortree tree dist. 0.276

. - -5
tol-mirrortree 5.60 10 1.91 10

Pazos, F., Ranea, J.A.G., Juan, D. and Sternberg, M.J.E. (2005) Assessing Protein Co-evolution in the Context of the Tree of Life Assists in
the Prediction of the Interactome. J Mol Biol, 352, 1002-1015.
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Computational Methods for Predicting Interaction Partners - Overview

LE}
LN ]
LE}
LE}
Lr
Ly
"y
.
......
"y
LE}
"y
"y
LE}
LN ]
LE}
L

intra-protein . )
inter-protein

. T hE

« Alfonso Valencia & Florencio Pazos (2002). Prediction of Protein Interactions with Computational Methods. Curr Op Str Biol. 12(3): 368-373.
[56/67]

e Alfonso Valencia & Florencio Pazos. (2003). Prediction of protein-protein interactions from evolutionary information. Methods Biochem Anal.
44:411-426.
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System properties of the interactome
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Function Prediction by “Context”
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