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Protein interaction networks

» Critical for the
comprehensive
understanding of
the cell

» Goal:

To decipher the
edges according to
“real” interactions,
l.e. direct physical
contacts

Figure 3-83 Molecular Biology of the Cell 5/e (© Garland Science 2008)

2 ISMB10-Highlight



Focus on Human Membrane Receptors
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From Membrane Receptors...
....to Cellular Communication Mechanisms

Ligands =—>
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PPI Predictions for Human Membrane

Receptors

= A combined
approach

= Binary
classification

= Global analysigseceptor interactome

= Biological
feedback &
validation

sequence & structure function genomic
step 1: information information information
. . WA . w =
feature extraction A
Step .2:. random forest classifier
predictions for B o M-, W o T

: I
e e B i
. i e
foos ' e !

all receptors

step 3.

identification e, o0

validation
functional refevance

?tep 4. _ co-immuno- SiRNA functional assay
Interaction precipitation +functional assay (phosphorylation)|=
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Step 1: Feature Evidences

» High-throughput direct data
yeast-2-hybrid, mass spectrometry

» Indirect data

gene expression, protein-DNA binding, . =
functional annotation data: Gene ontology GO

annotation, . e
sequence based data sources: Domain |
Information, homology based protein
protein interactions, ... E J«»'

Use implicit and direct data as evidence not as
proof for an interaction
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Step 2: Supervised Classification

1.

Describe the
human protein pair
with numeric
features

Learn a function
that maps a feature
vector into one of
the two classes

(

,' ) = [feat,, feat,, ....feat ]

feat, = Location similarity
feat, = Functional similarity

Feat,
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Step 2: Supervised Binary Classification

» To classify each protein pair:
Treat as a binary classification task
Target function: interacts or not ?

» Feature Set
Feature are heterogeneous
Most features are noisy
Most features have missing values

» Reference Set:
Use the small positive set as positive training
No negative (not interacting) set available

Highly skewed class distribution
Much more non-interacting pairs than interacting pairs



Step 2: Random Forest Classifier

» A collection of independent decision trees
(ensemble classifier) learning from the features

» Each tree Is grown on a bootstrap sample of the
training set

» Advantages of the Random Forest:
- can handle heterogeneous features
- Is not as much affected by noisy features
- Is not as much affected by correlated features
- can estimate features with missing values
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Step 2: Random Forest Classifier

M features
k4
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2 te
S VO
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Step 2: Classification Comparison

Logistic Regression
08 — — Naive Bayes
- ---- Support Vector Machine
Random Forest (RF)
§06
@
(=3 H
S .
a 0.4
'\
h
0.2f !
0 " T e e T ———
0 0.2 0.4 0.6 0.8 1

Recall - true positive rate

» Compare Classifiers

( 27 features extracted from 8
different data sources, modified
with biological feedbacks)

11

—— RF Receptor
0.8 ---- RF General
|
505}
2 |
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Recall - true positive rate

» Receptor (subfamily) PPI
task to general Human PPI
prediction task



Step 3: Global Analysis
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» Degree distribution / Hub analysis
» Graph module (from bi-clustering study)
» Family based graph patterns (receptors / receptors

» 12 subclasses / ligands / etc)



Step 3: Receptor Hubs
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Step 3: Receptor-Receptor Interactions

Type | Families Type Il
GPCR
Extracellular -
T
Trans-
membrane | 0& s
Cytoplasmic -
lntrhslc.-e.nzymatlc . Recruited enzymatic
activity (example: activity (example:
receptor tyrosine soluble tyrosine
kinase) kinase)
o -
- Seoe e - = ® ®®a o -
- - e e - e oeceosesesnsae . - - - - -
® & o o » a & weoeee © o © vees
Differences in signaling crosstalk mechanism
14
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Step 3: Receptor-Ligand Interactions
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Step 3: Overlap between our predictions
(HMRI) and other methods

Predicted HMRI 9144
HPRD 1462
RhodeBioTech05[01] 257
ScottBMCPPIO7[02] 505
STRINGO08[O3] 220
TAP-MSBO07[O5] 3
EGFR-nature06 [O6] 50
(Four ERBB)
Lumier05 [O7] 2
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Step 4: Experimental Validation

= Three of our predictions (of EGFR) were chosen
for experimentally tests
EGFR with HCK (pull-down assay)

EGFR with Dynamin-2 (pull-down assay + functional
assay)

EGFR with TGF-betal(pull-down assay)

Experiments @ U.Pitt School of Medicine
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Step 4: Epidermal Growth Factor Receptor
Predictions

Index #genelD1 geneSym1 RFpnScore  |hprdLabel  GeneticDisorder 27features

1 5159PDGFRB 4.503165204 1 3,0,2,27,0.18226501889004,0.18588937346855,0.0210924068009246,0.1276676171622¢

2 5747PTK2 4.44410536 1 2,1,2,34,0.3857979591043,0.252221450798957,0.0305858131767246,-0.148468199645S

3] 780DDR1 4.40499657 2 3,1,2,32,0.336623863474574,0.20617177576278,-0.0258099099615727,0.206879864091

4 2241 FER 4.14543988 1 2,0,2,22.5,0.157863338443118,0.0542069438088127,-0.0831188120711943,0.11780344-

5 2064ERBB2 4.105419506 1>V-ERB-B2 AVIAN ERYTHROBLASTIC LE 3,1,3,30,0.12273523322744,0.50190954872711,0.0937509704007176,0.2696572988823,0

6 5795PTPRJ 4.100941263 1 1,1,2,24,0.230666354834922,0.12681210930399,0.00323837815843456,-0.18172144257

7 5770PTPN1 4.031615233 1 0,0,2,32,0.498990409972575,-0.135136234974173,0.14372803523001,0.1700817626765

8 6714SRC 3.959557382 1 2,0,2,24,0.459883807646068,-0.108180301511389,-0.0638138748598192,0.2064616743:

9 5777TPTPNG 3.924269322 1 0,1,2,27,0.143270356667724,0.0358596586449359,-0.0318002747241216,0.1044790493
10 2887GRB10 3.836903435 1 0,1,1,32,0.184743100945764,0.329285523716952,0.0472178486518216,0.10310463357¢
11 10183TNK2 3.802128477 1 2,0,2,30,0.354885263717762,-0.0186894670191491,0.0864782700732649,0.0467979814
12 23683PRKD3 3.794846527 2 3,-100,2,29,0.203974962823926,0.21910673200699,-0.0476452911259867,0.0653482473(
13 2049EPHB3 3.787968458 2 3,1,2,24,0.232287208251851,0.0732087301282931,0.21713670440767,-0.010390300966
47 2050EPHB4 3.100289744 2 3,1,3,27,0.341733553103878,0.476791585150477,0.297476356334941,0.23501871 7064«
48 1785DNM2 3.100063766 2 >CHARCOT-MARIE-TOOTH DISEASE  1,1,2,33,0.25538346552993,-0.0551313733323703,0.00267406395955752,0.3341700772
49 7042TGFB2 3.082692885 2 0,-100,2,26,0.383940761280343,-0.0584412032572917,0.193148322082313,0.22334229,
50 5578PRKCA 3.082472297 1>PROTEIN KINASE C, ALPHA; PRKCA |3,0,3,30,0.482118091097545,0.120050686008403,0.0767861003648686,0.09829646431:
51 7410VAV2 3.079406763 1 0,-100,1,26,0.422094487572184,0.0173197170472577,0.240028366547163,0.257436665
52 6654SOS1 3.069805941 1 >GINGIVAL >SON OF SEVENLESS (DRC0,-100,1,32,0.198684396847193,-0.10823251273217,0.036361556948435,-0.0605520157Z
73 685BTC 2.800376246 1 0,0,2,13,0.689377470001002,-0.229190515925331,0.218674187700643,0.133922556847
74 3791KDR 2.794783961 2 3,1,2,23,0.310581942544255,0.129954141508985,0.096554088944944,0.2447485141233¢
75 3678ITGAS 2.781850231 1 1,1,1,33,0.238788567073593,-0.134053363908772,0.0519841804085357,0.08443825186
76 4921DDR2 2.778124049 2 3,1,2,29,0.344167146483689,-0.253874738841485,-0.134299168135772,-0.0841632426:
77 2261FGFR3 2.769474293 2 >ACHONDROPLASIA; ACH >BLADDER ( 3,1,2,22,0.246482077834684,0.0289628826538472,0.286001398508694, 0.025474569442(
78 9113LATS1 2.761767483 2 2,1,3,30,-100,-100,-100,0.254785188364928,-0.0221334692206298, -0.2896 77789165882
79 6850SYK 2.735900195 2 2,-100,3,27,0.0200595688266153,0.329329024188295,-0.0627056120939914,0.14022589(
80 3055HCK 2.73451603 2 2,-100,2,21,0.248636917232494,0.00865574923921485,0.182874692216781,0.02479343
81 374AREG 2.720020516 1 0,0,1,17,0.416471443862492,-0.133800774643999,0.193562561378801,0.0157271952027
82 8660IRS2 2.709975508 2 0,-100,2,25,0.352236297775078,-0.302334664590916,0.0343776665791522,0.099054207!
83 4920ROR2 2.672670887 2 >BRACHYDACTYLY, TYPE B; BDB >ROE 3,1,2,23,0.454902145681668,-0.372718538887154,-0.0192952809367274,0.06386039979!
84 960CD44 2.645608047 1 1,1,0,35,0.279973941262052,-0.458936145799902,0.0550459636853806, -0. 2359325457
85 3084NRG1 2.641695.8 1 0,0,0,24,0.145952999368458,-0.141738210057678,0.231004112542165,-0.38095604 186!

5573PRKARI1A 2.640963078 1>MYXOMA, SPOTTY PIGMENTATION, Al 1,0,2,35,0.13978494396082,-0.039889817304306,0.120888688218259,-0.045379822691 1t

EGFR has a total of 91 validated partners in HPRD (2007v);
Choose among our top 200 predictions for EGFR
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Step 4: EGFR Validation: Dynamin?2

Dnm2 Domain Structure Pull-Down Experiment

or .y
gl ®

Anti-GFP-blot

Function:

Untransfected
Dyn-C-term EGFR COS-1 cells
- >

Receptor internalization on E1E2 E3E4 E1E2 E3 4

250>
150>

10
5t
50—

37>

25>

20>

Anti-GFP blot of Dyn-C-EGFR and
untranfected Cos-1 cells negative control

» 19 Foundations of Biomedical Sciences Fall 2009



Step 4: EGFR Validation: Hck

l +
Anti-His-blot
Hck Functions: U
» Binds and regulates . _ fime2 e E2es e
Nef during HIV o
Infection ot

37>

» Function in signal -
transduction, but not =
well defined ?

Anti-His blot of Hck-C-EGFR and untranfected
cos-1 cells negative control

» 20 Foundations of Biomedical Sciences Fall 2009



Step 4: Functional Experiments

UM-22A 1483 UM-22A 1483

o -

110

<t
=
o
7]
IP:Hck / IB:EGFR IP: Hck /7 1B: Hck g 133-
3 804
22A g 707
. 60+
. gcr . + - +  lysate T 50
. 2 404
IB:EGFR g 20-
g 0
IP:Hck 3 Control siRNA Hck siRNA
IB:Hck E
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Step 4: Summary of Validation Steps

A. Interactome prediction n—p B Rank-ordered list of interactions 1

53 PTPRF

unr w1  C.Experimental confirmation E. si-RNA knock down
o LATS2 306 2 - - - 0o

p— zu - ‘-:’a my HA o

oy onig
e = = @

— &S

anen s Of interactionin lab cell lines

ek & CLGHR untransfected
COS1 colls & CEGFR

E) E2 E2 E4 ES E6 E2 E3 E4

] 2% 2
67 PREDI 28 2
el 2%

F. Functional assay

:
WRM 38 o §2
Brom 30 D. Interactionin cancer cells H
B 30 . in
N0 10 IR UM-2A 1483 UM-22A 1483 ;:
»n
55
IP:Hk /IB:EGFR  IP:Hck / 1B:Hck s’

L4
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Web Server: HMRI

<2 Web Services For Human Membrane Receptor Interactome (HMRI) - Microsoft Internet Explorer,

File Edit ‘iew Favorites Tools  Help

@Back - \_)' \ﬂ @ _h /.._\J Search L:_;n‘\':(Fa\u'n:urites QE 87 .x’_,'\_ .i.l - _J ﬁ 'ﬁ

Address |éj hittp:fiflan.blm.cs.cmu.edu/HMRIfindex. jsp

Web Service for Human Membrane Receptor Interactome (HMRI)

Four Ways to Query our Human Receptor Interactome Database

S . Check query protein { ClickToUse )
ervices:

1 This service would perform a check on the input protein to see if the query is a receptor protein or not. If yes, we further check if the input belongs to
the GPCR family or not. Please input the query as either NCEI Entrez gene ID or gene Mame.

Query Database
Search interaction partners for the Query protein ( ClickToUse )

Getting Help 2 This service would search an the whole predicted receptar interactome to find interaction partners for the query. Another constraint is that the
returned pairs O interaction scores are higher than an input score threshold. Please input the query protein with either NCBI Entrez gene ID or gene
Marne.

Search interaction pairs among the set of input proteins ( ClickToUse )

This service would search the potential pairs armong a group of input proteins. The returned pairsO interaction scores are higher than an input score
threshold. 0 The input proteins list use either NCEI Entrez gene ID or gene Mame.

Check predicted scores for a pair of input proteins ( ClickToUse )

4

This service would return the predicted score for a pair of input proteins. The two input proteins use either NCBI Entrez gene 1D or gene Name. YWe
check if this pair existed in HPRED (2006 version) or not.0 In addition, we also provide the features of this requested pair.

Copyright 0 2007 | Home | Contacto | Developed by Yanjun Qi

23 flan.blm.cs.cmu.edu/HMRI ismBio-Highiight



Predictions/Code Downloads

www.cs.cmu.edu/~qyj/HMRI

» Download predictions for each receptor (each having
its own predicted interaction score file)

Includes HPRD label, related features, gene description,
genetic disorder information

» Download family related subgraphs
» Download multiple kinds of hub protein lists

» Software Download (both source-code and runnable
versions provided)
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Questions ?




Step 4: Experimental Validation

B. EGFR/dynamin-2

Oyramin 2 & Co J-EGIR unteansfected

CO5-1 ool & Co)-EGFR
kDa S FT FTWEI E2E3E4ES EVE2E3E4ES

25
1

C. EGFR/Hck

I Hek & CEGFR untransfected

COS-1 cells & C-EGFR

El E2 E3 E4 E5 E6 E2 E3 E4

UM-22A 1483 UM-22A 1483
1P:Hck / 1B: EGFR 1P Mok / 1B: Hek
. UM-22A
EG + lysate

IP:Hck
IB:EGFR

IP:Hck
IB:Hck

.

288383

Percentage survival vs.

control siRNA

ControlsiRNA  Hck siRNA

D. EGFR/ITGF-p1

2,
- 1

1 1 1 1 GST-EGFR
5025 5 1 TGF-81

TGF-B1 M = ™ o -

" €225 (6pg/ml)
NoTx EGF TGFR1 NoTx EGF TGFA1
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MAPK -- .\— = ; = —_——
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- ALKA(SHM)

NoTx EGF TGF81 NoTx EGF TGFR1
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B-tubulin —_—
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