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Design and Implementation of MoNetFamily Web Service : using
homologous modules and module-module interaction network in

vertebrates

Student: Shang-Wen Yu Advisor: Dr. Jinn-Moon Yang

Institute of Bioinformatics and System Biology
National Chiao Tung University

ABSTRACT

A module is a fundamental unit forming with highly connected proteins and performs a
certain kind of biological functions. Modules and module-module interaction (MMI) network
are essential for understanding cell mechanisms and functions. The MoNetFamily web server
can identify the modules, homologous modules (called module family), and MMI networks
across multiple species for the query protein(s). This server first finds module candidates of
the query by using BLASTP to search the module template database (1,625 experimental and
1,252 structural templates). MoNetFamily then infers the homologous modules of the selected
module candidate using protein-protein interaction (PPI) families. According to homologous
modules and PPIs, we statistically decided MMIs and MMI networks across multiple species.
For each module candidate, MoNetFamily identifies its neighboring modules and their MMIs
in module networks of H. sapiens, M. musculus, and D. rerio. Finally, MoNetFamily shows
the conserved proteins, PPl profiles, and functional annotations of the module family.
Experimental results demonstrate that the server can be useful for MMI network (e.g., 1,278
modules and 9,678 MMIs in H. sapiens) visualizations and query annotations using module
families and neighboring modules. We believe that the server is able to provide valuable
insights to determine homologous modules and MMI networks across multiple species
for studying module evolution and cell mechanisms. The MoNetFamily sever is available at

http://monetfamily.life.nctu.edu.tw.
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Data sets

Comments

MIPS CORUM database [18]
Annotated PPI database
Predicted homologous PPI set

Integr8 database[14]
KEGG MODULE database [26]

Gene Ontology (GO) database [27]
Extended module data set

Random data sets

The CORUM database using as module template set provides manually annotated protein complexes, which assemble multiple
proteins to perform biological functions, from mammalian organisms.

275,787 experimental PPIs in the annotated PPI database (IntAct [19], BioGRID [20], DIP [21], MIPS [22], and MINT [23])

Our previous sequence-based.and structure-based homologous PPIs with joint E-value < 10 [24] and Z-score > 3 [25], including
290,137 sequence-based. PPI families and-86,252 structure-based PPI families

A complete genomic database (Integr8 version 103, containing 6,352,363 protein sequences in 2,274 species)
KEGG organism-specific modules.is.defined as a tight functional unit.and complexes in the pathway through a set of orthologs

We derive GO biological process (BP).to annotate homologous modules and GO molecular function (MF) to annotate core
components of module family.

Extending one-layer PPIs and proteins for each protein in an original module through homologous PPIs

Each module template constructed 50 random modules, which were selected randomly the same protein number from the genome
of template's-organism, and each random module was the same number of proteins with the module template.
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Jak2 (Q62120)

Step 1: Query a set of protein Ptafr (Q62035)

sequence(s), gene name(s), or Tyk2 (Q3U447)
UniProtKB accession number(s).

—
Module template Complete genomic Protein-protein interaction
Step2: Identify module candidates of (woz5 datat?aset | database, Integr8 database

. ,625 experimental ani (6,352,363 protein sequences (Experimental PPIs and
the quer){ fro_m.mo_dUIe database with 1,252 structural templates) in 2,274 species) predicted homologous PPIs)
the protein similarity (E-value < 10-19)
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Step 1: Select the template
module from MIPS CORUM
database (hetero-protein
3)and PDB database

v

Template moaun M
database ( 1,625 template modules) and PDB (1,252

structure complexes )

F1-ATP synthase (Bos taurus)‘

ATPSAL ATPSD ATP5B ATPSC1 ATP5AL ATP5AL
(P19483) (PO5630) (P00829) (PO5631) (P19483) (P19483)

Experimental PPI
(A. thaliana)

Chain D
of 2jdi é,.. 2ichain G

%g of 2jdi

o9

Step 2: Add protein-protein
interactions (PPIs) to
template module through
template-based homologous
PPIs and experimental PPIs

v

Step 3: Identify homologous
PPI family (A-D and B-C) of PPI
of A-D and B-C respectively,
with the best match using
join E-values < 1040 or
Z-value 2 3 from complete
genomic database (Integr8).

Complete genomic database, Integr8

v

Step 4: Identify homologous
modules (a module family),
including PPl A-D and B-C
with topology similarity (i.e.
protein aligned ratio 2 0.5;
PPI aligned ratio > 0.3)
between each homologous
module and the template.
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- (6,352,363 protein sequences
 — — in 2,274 species)
PPI family datasets v v v v .
(Template-based homologous PPIs and experimental PPIs) A-D PPI family B-C PPI family
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B3| 5 fhetz R 34 2 3 §e% (PPISearch with joint E-value < 1070)frrs & & 54 5
A# R R F-0 TS 5% (PCFamily with Z-value > 4) % = KEGG #rieirfzH F-v
QIR 5 B MG F T R A G KR ¢ BRI X 65% e B A
<303 b o Flptuegen Ferdb AL Bl 2 R > 0.5 v FE Gew BT EH A

bl T & E>03 0
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= ~ eI % R (Module-module interaction network)

2T BpREZ AT IR AN AR S BHELF B0 TR TR
TIER AR AH 3, 27] 0 Fh AR AR B BRE B ohkd TR R
QI IEH AR TR E S B ORdd TR B3 v TR E IR
il dev B v BRI iE* TR E[L, 35 G FE AR REHPLG
(hypergeometric distribution)[10] » 42 % e & & R 503 8 F — BaAcad 3 4 6 > 1 &8 £

Bt E SR At Y DRSS O F o p-value BAS R A ARE G BB FE S o5

ol |

X R AA B EZFG P OREALT T (b ER - ¢ A B B AL
JAK2-PAFR-TYK2 = the hexameric human IL-6/IL-6a receptor/gpl30 it Bl ¢ x=4) n

NEA BRez Barg b M3 IF (bl ® - ¢ n=9)

VRN S AR S AN SN T L SR RN S

&
=
i

™

N R4t e 2 3 % R o 8 3 23 IF R g e

F_L
*®
i
bt
~=h
¥
i
i
\(J
]
=
o3
3\
P
F_*
\(‘
e
pi
)
f
H
B
et
%

(1) p-value<10™*

(2) @ BREP i BIEFE LR e R i F gy FRI k0

B ondd UG 2Bk B4

\\Xr

I iR

EF I EE > AP AR A LB s 4 3B AT T E D 9,678 8,942~ 8,722

TR R e T Er E,'uﬁs}#g\ 3 1[#&%#7}@:1#3_‘9" e et o
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JAK2-PAFR-TYK2 module
(CORUM: 5178)

TYK2
(P29597)

JAK2
PTAFR
(060674) A
(1p9mA,
Q5FC04)
IL6
(1p9mB, (1p9mC’IL-6Ra
P05231) P08887)

The hexameric human IL-6/IL=6a
receptor/gp130 module
(PDB code: 1p9m)

B - ~ JAK2-PAFR-TYK2 #ic ¥ §r Crystal structure of the hexameric human IL-6/IL-6 alpha
receptor/gp130 HrEp X2 A L F2 Fov F I iEF A
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Z >~ F9 FicEinge

PPEIRE B e L3 BRS e LT R PRI R AT e - Rk
GO terms B3k fr3if# chficie § K i v F20 44415 - i 3d Jeh GO term 2 ka3 gt
GOterm & R fy frle s i Fod 9 2 @ A S ko Bkt GOterm 5 i Flut

o A At B IR eh- Rt B (consensus ratio ;CRM)
CRM, =

LT RAPR RSP LGE ENE B GOterm A At el F o T ¥ @ % =R
2 9 L &t (Bonferroni Correction)i& {733 & » F]pt fra;’gd 53~ 47 CRM > 0.6 fo#h &
i 1 £h p-values< 0.05[36, 37] &3 3 I RpHE Nficie i L P GO terms > & e i e B
Wl FOERE AP R o 7% - RiEant &] (consensus ratio of module family;CRF)
% agreement ratio(AR) & 5 i€ * H # £ 39 cofC e fr o e UL fE 15 L 3 7 7 [8,
29] » CRF 2 ;' T & 40T 1 CRF=F/F > F &0t 0 3o 9735 & D973 e hice B ik
Fo:tizs®t3 chle Rhfice s DR GOterma shfe R eficg o @ AR ho 38 4o !
> A(CRF >c)
_ i<Q

~ > 'T.(CRF 2¢)
ieQ

Q:ie ¥ ¥ 39 it B

Ti (CRF>c)t fitle 3725 (7 7 W )i e 1 & CRF>c GO terms %7 5 4v 44

#BE o

Ai (CRF > c): st #4r 7 it et e # & CRF>c 9GO terms #73 4c L #icg o
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w\,

q

Z* ~ B EAS

BARTE Y AP ROk X W RS N i e 3 1F
* R 0 BE - B RATOPEA 0 AP A NB A B 30 B4 & TR E (CORUM)
£ 1,785 B e 2 oo B E £ 1,252 B 0w e (PDB) - L?fﬁ:". 1,975 B ficie
FOE o A B A S FD 1818 B s AX RS F I 1,801 BHE S Aab 445 F T
1,586 i ficie > Flm fwfflefert? TR NS eI T 5 A A g R G 1,440 iF -
hEREG 1,396 1F > s g 1,257 iE o ¥pdS Flenke R E B4 B R
(connectivity) > * & GO_term =% I+ H rihficles 347 - R4 it # i (biological
process ;BP) ~ 40 I chimfz = % (cellular component ;CC) » #72& £ 41 k cnfs 47 8 i e e e -

» BEA PR R R (R R SE,;scale-free k) o
- s FREENEEE

LB R R frdE B S B A P A B % 2 e KEGG
MODULE FHLE ¥ 4o @ 11370 BHfr el wle 7 1442 B f¢ > £ 5 75706 B
4 F 48 # T4 e (organism-specific. modules) o 4345 ig s FAL A Pt B ip a4 i i
2RO 4 KEGG shficis #/e chgey 0t ] > 535 21 9 F 5696(42,065) 14 4 4% % il
4 F 09 hdv Tt |0 @ 97 82%(62,080):12 F e F 0.5 chdev Tt b (]

A) 0 d BRCERIEY ATy kR B e e ded [T IR < 3t 05 .

SRR B T3 Y A H & KEGG T ALY 1§ i i p 20
$En PRI SR A PR BB A MR AP L G AP S
Kegy 7 AL A criC RS $od R T (EF 0 @ cnged AT FHEALR LT3
7
1) * 5k drendy Fho FRI er FHRE > 2§ 461,077 B s 2 ds 23
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£ (i.e. IntAct [19], BioGRID [20], DIP [21], MIPS [22], MINT [23]) -

2)P~p F-v F F #4217 (PDB crystal structures [38]) » % 3 9,016 if v F £ 39 2
I3 iEr o

AP FHFLPFL AR O RS TR0 T3 E FTHE AR joint
E-value <107 [17] @ % %4£3F R+ Z-score > 4[35] -

& 75706 2 A4 e AL 23,002 B 2 F AR AR R it 2 B TR

ARG FRI A > X P A M P ened BRI ER L) SR R H  65%: f

P TR hiw T3 Er L 5230 0.3(M =) A0 it g v 1 F) b B w] TR R

e B Fon Bt I3k A 0.5 0 s TR 3 (E% 2k 4 03 -

B ¥R AR RO R B B 01 ch 1,975 5 o v B £ (positive
sets) > @ f # & (negative sets)eitix & ¥z 1,975 B Ho oe P & B HCF e st
B F-o FA 24 60 BRI HEARE Sk FHchor o ik g 4

98,750(1,975x50) 3 Hectic /e ¥+ B 15 B fickeqm 5 = B GO term(i): 4

it i 4%;BP ~
e %, CC~ & F# i MF)sh— Txd vl (consensus ratio ;CRM) » B2 ! s -0 en—
Rt b B B iR B - RGN ) » O B BB R - K
Hvt 5] (5]:BP ~ CC ~ MF)F 4 70%(> 1,300)sHids a4 4 0.6 > 4 £ e b fichit e @
43 0.6 ch- R4 A W E § 3.9%(BP)~ 8.1%(MF) - 18.3%(CC) » ® 3t i #-H4F HC
P - R BHIA A 0.6 hrs GO term - 2 P E A S B 4 (p-values) 0 & 7
88.2%(7,776/8,819) 7 GO term p-values & &_]- > 0.05 7> R, vk FHAF e ? — R 5

30 0.6 HGOterm & F A Ffeh Fp v k(R AR B e iinfE o

BT ORI OOBRBEFE R eSS ol e PR L TR E A i A
¥ = % “7 R it crhagreement ratio(AR) 14 2 e 1% - Rt H)(CRF) > & W3-8 & i
2 §2EBP ~ MF ~ CC &7 ) fi i fici enB B3 (B) ~) > J B 7 M5 1§ CRF #kiE
B 06 PF o AR #cie s £ 1L F (X3 - R4 4w 4 BP(0.68,% ¢ ) ~ CC(0.79,

4 )"MF(0.79, % ¢ )o # i: TRAP-SMCC mediator e 2%+ 7 Bk JRfice® ¢ CRF
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=%+ 0.6 7 GO terms 4 %[ 3 transcription(CRF = 0.83 and adjusted p-value = 4.59e-08) ~
RNA polymerase Il transcription mediator activity (CRF = 1.00 and adjusted p-value =
1.41e-11) ~ mediator complex (CRF = 1.00 and adjusted p-value = 1.42e-05) » iz = B & 3
%t en GO terms ¥ 12§ »edk * ke ixfE ¢ TRAP-SMCC mediator #-95 H- e > ik % &
Tlr R R FC e RO ARV UG R Y H TR i (B ) R R - R
GOterms 1 % s e e o b > e B B IR e T 1Y %‘gvﬂ AP e jE

RENEPL G PR P

AT R A F B 4 By FAF £ 4 T4 E(CORUM) £ 1,785 B WO e
WA G PR L 1,252 B E(PDB) s g B KR S L L R
Woi (s £ R 1,975 Bk & 7 BB sk A TG 140 290,137 15 A 7 b Ao
Wendd R 3 (% PR 2 1286,252 B8 fa B HE 5 A HE Henif £ A8 ROk T

&M 1975 BHCERSE > LR EROEL B 1,679 B4 A 45 7] 53,529 i o
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100 + _100 -
= 90 - X 90
S 80 - % 80 -
$ 70 A 2 70 |
S 60 S 60
S 50 - e 5o -
E 40 - %5 40
S 30 | —=-BP (Template) o 30 1 —&-MF (Template)
g %8 | —e—BP (Random) g %8 | ——MF (Random)
c [}
(b} O T T T T T T T v T # T # 1 E O T T T T T T T v I # T # 1
E \Y Vv \Y) Vv \Y \Y) \Y) \Y Vv \Y) L \Y Vv Vv \Y Vv \Y) Vv \Y \Y) Vv
& segggesssgsgg ¢ SO O SO S O O S~
[ [{e] o [ N w [S)] (o2} ~ oo (o]
Consensus ratio Consensus ratio
C
100 +

Percentage of modules (%6)
(6]
o

30 | —#-CC (Template)

20 | ——cC (Random)

10

O T T T T T T T T e I : 1
V V. V V V V V V VvV V
o o o o o o o o o o
o L N W dM U1 O N 0 ©

Consensus ratio

B~ GO 2 v # it 3djgz — RV A5

BB 5 1,975 B RCEHE e (o 4 )2 98,750 B MEHS B e (¢ )4 4] GO (A) BP ~ (B) MF
% (C) CC 3ifat 2= & I (CRM) 1 S A i Bl » ¥ 2Bl & 5 4 9% #oe e CRM
PR S CRM s b e R e it s BPY ME & CC - 37 %) 70%(>1,300)
e it £ CRM >0.6-4p F & > 254842 ¢ »CRM >0.6 ®5 $ 3.9% (BP)~8.1% (MF)
18.3% (CC) » F]pt » 2N i it (N d 2 (1 GO terms T2 B i i2 2 Jf 1 & CRM>0.6 2 3t
3+ kg ¥ and R b (adjusted p-value of GO term < 0.05) °
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SN RS AR e T T R R FR S RROHEI LT IRT 2 P
LEREL~L2) e prRaBHE? > AP EL 38 PK) PR~ £ 4F kifg o
Pl d orp e g s BN R e T T R AT
- scale-free s it 5 i » A RI4 ~ B~ A~ Rl-- B ¢ A # g DINEF e ahs Lk
%5000 PR)ES M2 0T 5 o i 1S hlite T T R A X AR R e
MR Lo AARGFEAPREY e AR e S R EE R F

wre B IR L e Frs2-Grb2-Shp2 module) »aefE S Bh (e ~ 39 B ¥ i
i%@é@ﬁ%ﬁ&ﬁ&é@i&ﬁ@%ﬂ%ﬁ%%kﬁﬁ’ﬁ¢$ﬁﬂﬁﬁ@ﬁ§
scale-free e g fic » @ b o AF ki i £ R m e i R o 2 }*& # dp O
scale-free 4 j v 1/ %ﬁfv} & Adplicy B0 2 B AT S oscale-free Rt AE A o A Akt
2 = B AR R ¢ A B0 VA A dn fic(degree exponent)y (B 0 B 4 HEA L 4 i
yiE s 1183 -k A Adndcy 3 1043 5 hoa§ d 4 Ldndcy ® 5 12185 i
S4P T - v pRATETY E0d b B ke v e 2 [39, 40]0% 2 Hi = iR Aot e
23 ew s[4l 42] (R C) % AR R~ 4p 0o 7 & scale-free fepe @ + 382

THEA Ly EXAR B2 ¢ <30 LG e A A Ly <24 LB
scale-free A g5 [39, 40] b ¢Fo AN e 2 3-8 0 3 B e T T e airie s £ (Degree)
¢ i (Median): & S & 4 sg 2 £ Band BB R 5 1000 hpd g ¢ idiciE 2 11
%ﬁfd B R R R Y E T B e LT LG B AR Ll 7
ABASAS LT A2 PR R EMAE T k0 B b AP e e
BT i g ¢ JAK2-PAFR-TYK2 ptHoi c 2 #ics 250 520 i irhrpt % 4 e

T BRSNS R F LR ehk d oo
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Fpe %H%Léﬁév’vﬁtﬁgi IR R A AT BARfmed L F RBABA A
7 ¥ 4 w &_ nucleic acid metabolic process(i|: ## 4%;transcription) ~ protein metabolic
process (4% ¥ translation) ~ intracellular signal transduction process -~ integrin-mediated
signal transduction process ~ transport process ° ﬁd e FOELF B eanifz Fpt v
AT BREOHE VT URENG A BERBILAN TR e SHEER A
S BAT LB A F RN P ehd i B AZ(B) central dogma) o BRdedd {7 9 gk
PHEAR M R R dd R PHEAZ N A PR PR T TR R 2R e @
Fleps A P2 w i A B A e it o L B 2 A e FALEY R B ILE AR
IFR R AT PSS BRBMESEAFELT T pRaht o ¥ P

chd LiEAEy FRor (B AB--) -

BRI X PR APE N RSy ey D gen A2 P EF G
AWML MG EE AT F @) e ok JL AT (Extracellular matrix; ECM)
F-v B4 £ F]+(growth factors)(Bl - = ~ Bl -2) > 5 e i 2 XD wre b L B0 &
KL E LR b A & (6] ITGAB-ITGBI-FNL-TGM2 Hi § #3417 5 & # s B efen
W) frd £ F] 5 & 2 LA A (6] JAK2-PAFR-TYK2 w8 F timme p 2% & £ ¥
F i f B iREAR)[43] 0 AR e e e P EeE Tl SRR g 2 i e TR
Frs2-Grb2-Shp2 ficie » i&m Frs2-Grb2-Shp2 ficE Efc Tl 5L ¢ 4 H| 3% #3n JLix fLvn
P ey R RAEF R G 0 B RO TR R T AR BL A R AR T e e Y 4 s 1 Tt
BB R T e 5 a0 ALL-1 supercomplex ke > pfitie 3 & (7L N BB AR
TP HE EEAIT e - AT AL R E NS B ELS WA RNA
polymerase Il #= %12 2 TRAP-SMCC mediator fiie — 4= 7 é 11 2 i Fenr it > 817
PR RBREART* (5> Tt A2 NATE S chded F o BhATE S ey i ap TRk
Kinase maturation module 1 e (# Hoie 3 & 3417 3o F S BHEAR)R 7 12 12 &F cds 17 -

B AR A § 5 SNARE W (0 W 4 & 4 78 BB An) % v TP e o
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. Nuclear part (GO:0044428)
Intracellular (GO:0005622)
Membrane (G0O:0016020)

Others

—

Nucleobase-containing compound
metabolic process (GO:0006139)
Protein metabolic process

(G0O:0019538)
Signal transduction

(GO:0007165)
Transport (GO:0006810)

Others
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B+t - ~GOterms(BP ~ CC) A 4 ~ X &l ~ 0§ dcnfiCE 2 3 1% PRI f2L 7

%% GOterms SnifRiFdfiiet 3 (F% i 4 [18] -

(A)1 45 GO him®e = ¥ (cellular component; CC)¥ & B firle RO%E (731f2 > ¥ R
I IEH ERARFTL G SRR A WG 68 BHCER2EILZ L nuclear (GO:0044428,
i d )~ 402 B H- e 73E:f% 5 intracellular (GO: 0005622 > & ¢ ) ~ 141 B fic ke 7% 1%
% membrane (GO: 0016020 » & ¢ ) ~ Fl431f% 5 Others (% ¢ ) o

(B) 1345 GO 4 it # i (biological processes; BP) ¥t & i fice 7 2% & {731 f% » & W 154
® -2 73% 31 f% 5 nucleobase-containing compound metabolic process (&]: # 4% i% * )(GO:
0006139 » = & )~ 83 -t 7 2E3:Lf# 5 protein metabolic process (i]: #:#i®* )(GO:
0019538 » & ¢ ) ~ 126 i -2 72%:1f% 5 signal transduction (GO: 0007165, ¢ ) ~ 37 &
B %% 4 transport (GO: 0006810 » 5 4 ) -

i * 1 Jaccard coefficient (JC) = 72 kiRl &4 BHCe 2 Fenfpivk » Bk o BHE
B FBEA B E M feMy o @ JC AR AT JC=|MlmM2|/|M1uM2|[42] 3
JCEA* 06 Pl HE a8 - BHEDONLPH EMEE T F
Be® BB e Fp o AP ARLEA GEPE T 1,278 B A PCe s E BIPE D) 1,251

BAMEEe v a b ddiE I 1,100 B -2 i o
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. . RNA polymerase 11 (CBP,
e g . PCAF, RPB1, BAF47, CYCC,

Mediagot '(\");[5_';8) oo
PIN sl R

.
*

SNARE

(stx1a, Snap25, Vamp8)+

Rinase'rqaw.rat;on
*“cqmplex® . . P1: Nucleic acid
3 : metabolic process
P2: Protein metabolic
process
P3: Intracellular signal
transduction
process
P4: Integrin-mediated
signal transduction
process
P5: Transport process

Injury
{Wound healing}

_praliferation.

. “TRAP-sméc_ *
Mediator, « }

SNARE TN B Cytoplasm

(St)f.l.a\, Snap25, Yamp8) ; ITGAS.IT JAK2-PAFR-TYK2
-FN1-TGM2 ®

FrsZ-GrbZ-Shp@ ° /G i
= olgi

lKinase maturation{ | NARE
complex (Stx1a, Snap25, Vamp8)

N Newly synthesized

l ER
s 1! L L ’ proteins
!Tﬁ_AS—ITGBl—FNl-T(E._ e 3 Nucleus \/‘Translation

& .3

ALL-1 supercomplex i RNA polymerase Il

Transcription

TRAP-SMCC Mediator
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Blt - ~BEWERII T pR{yE e H A NT S

SR PH{ AR LV ST B AR we 2 L iE AR (P1-PS) Y S8 B (F ¢ HEh)EfT
F3 2 8 B s B 5 ITGAS-ITGB1-FN1-TGM2~JAK2-PAFR-TYK2~Frs2-Grb2-Shp2-
ALL-1 supercomplex ~ RNA polymerase Il (CBP, PCAF, RPB1, BAF47, CYCC, CDKS),
TRAP-SMCC Mediator ~kinase maturation complex 1~ 2 SNARE (Stx1a, Snap25, Vamp8) -

g J _ ¥ g 9 g ALL-1 RNA polymerase Il ¥ A n
ITGA5-ITGB1-FN1-| JAK2-PAFR-TYK2 | Frs2-Grb2-Shp2 complex (CBP, PCAF, TRAP-SMCC Kinase maturation | SNARE complex

supercomplex RPB1, BAF47, CYCC, Mediator complex 1 (Stx1a, Snap25,

CDK8) Vamp8)
2550 5199 854

e
- wais . IR
Gt e

P1: Nucleic acid metabolic
process

P2: Protein metabolic process

P3: Intracellular signal
transduction process

P4: Integrin-mediated signal
transduction process

P5: Transport process

Bl-z ~wredfnA7i7Y SRICER I EwED L3 72 2

i 8 Bl s w5 ITGAS-ITGBL-FN1-TGM2 ~ JAK2-PAFR-TYK2 ~ Frs2-Grb2-Shp2 -
ALL-1 supercomplex ~ RNA polymerase 1l (CBP, PCAF, RPB1, BAF47, CYCC, CDKS) -
TRAP-SMCC Mediator ~kinase maturation complex 1~ 2 SNARE (Stx1a, Snap25, Vamp8) -
AT Bigaimed LERARLY (RIAERE)  Fokdrd oo p N fiiez
B erd-v ?ﬁij fe% B o
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R G
(- ) ~ JAK2-PAFR-TYK2 #&
LIAK2-PAFR-TYK?2 i 7%

Mz ABRN P AFRFEFIRELR T A2 § R ¥ AR RARRT e 383
Wi ﬁ%l » Janus kinase 2 (Jak2, UniProt »%.: Q62120) ~ platelet-activating factor receptor
(Pafr 2 Ptafr, UniProt s %.: Q62035) ~ tyrosine kinase 2 (Tyk2, UniProt 3 %.:Q3U447)
(M= B PARRIFEE R B FHFI I Bk e 29
JAK2-PAFR-TYK2 #icfr e @ &2 rhsgende F 6l 2 A3 (B+-= B)» Vi &
JAK2-PAFR-TYK2 #-2(CORUM ID: 5178)45 & 3|+ Bl ihfle » B¢ chirfhde 7 5 4
A E 8 b~ A WB(H) = D)o i % fkdp B JAK2-PARR-TYK2 e f ft 4 i3
P2 Eiem g A AP HRRE AL AE RIAFL L & 4 [44,45]
SR E JAK2 e TYK2 & B gev B 2L LR S Fe JAK Gk 58 $90ef 5U 6 4 i
[RIEPEEE A S W i 7 F A LA MR 2 B %[44, 46] > Monetfamily = #
JAK2-PAFR-TYK2 Hod jo% > & 4 & p j2F=xi2 GO terms( &]: 4 5 # i (MF) -
non-membrane spanning protein tyrosine kinase activity felm#z i ¥ (CC) - cytoskeleton) -

‘b > Monetfamily = ¢ 3% &t 5 7Rk T ficke GO terms iz » § 843t i # —“‘Ff—i B

B

20 RS RPN e g 3 ER > I AR IR A MG ok BT AR A T
A% 0 gt JAK2-PAFR-TYK2 #8725 5 0] 0 iR R e RIE g 5 P e aniliT
P rfz i v & B GO terms 4 %7 4 47 i j5(BP) - epidermal growth factor receptor

(EGFR) i L ik /= ~ A 3 5 i (MF) -2 5L /58 ~ fm* = § (CC)-tm*e F(F= C) -
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2HCEABCER T IR foiliTaiicE

ARERCE R T R g > JAK2-PAFR-TYK2 #icie (= ¢ & 8L) > #7525 B ARiT
e(sd )R+ pRrEe 7 26 BHren 2 Bl e e 3 v (Rl+Le C
fr& =) 1345 GO term =ixfz{c MIPS FunCat [47] ¢4 47 > ip e v A+ A 5
= ¥ >~ w A cell surface receptor linked signaling pathway (i ¢ ) ~ cellular protein
metabolic pathway ( % ¢ ) - interleukine receptor signaling pathway ( & ¢ ) o
JAK2-PAFR-TYK2 e 8 - B L § 3 A et § § Lo @ U2 e p
AL (R A) 0 APE MR e ARLS JAK2-PAFR-TYK2 fie & 8 4T
etz Bl cd®mo ol d BHE= BIfER 5N R R RDRY > &5
22 PE N TE R R TR & SR g s GO N BN LAY B A cE
a0 I IEELY j-%? PREZEDNE RS AT F P 2 o b IL4-ILAR-IL2RG
(CORUM ID: 1515) # ‘= 4= RIN1-STAM2-EGFR (CORUM ID: 3678) #i- = 12 2
IL-6/1L-6R0/gp130 (PDB code: 1p9m) feBa B . ¢ 4E 2 45 3| S i o 4 45550 & 24 5y
LERFAXPLARF Gend L ffe 3 o P AT P B g3 F F ok o bl
é/?}ﬁagﬁ%‘é‘\ﬁ' v oG AR gﬂﬁt‘g’;/?}}iﬁ”wﬁ;io”wl TRERLBIALE
5P 3 AR PR Fl2 - o

APEAFFAEE BB FEAAPER TSI EE PEEIBHFALL
P 3 d e IL-6/IL-6Ra/gp130 (PDB code: 1p9m)ficis #i-ie k fai&— 45 3534 > 1p9m 2
A4 30 Fd KA EIL-6-IL-6Ro~gpl30- @ e £ S A EAEWHIF L
RHEAP D PR roFin Ty » BN He G A 3pY ondk & 03] 4 B A&
IL-6/IL-6Ro/gp130 &2 % S fepa § 4.5 A A > Fla ERAES BHEY B85 T
e A & R ]y I
1) 7% gpl30 f= IL-6 & B F-9 F ¢ A~ W E % X & f- % & 5 4 5 (interface)

contact-residue (§ g ¢ H384 )¢ o Ak BT IL-6 30 B Ap ffn B 7P 2§ 7.7% >
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fosEh b 0% d PELRE ot Bl E 2R e Fpt E R G R Ak Ros d
A ¢ 35 & 7| gpl30 v IL-6 = binding model(® - 7 ) »

2) AP o A AAH A 2 R 1p9Im iz B RcE R gpl30 e IL-6 &5 B F-v
FHen/i ao4p i & ¥ BF ) Z-values & 0.923~ ez 4 17 3| ¢H Z-values % -1.638 >

«E’l”\g{ 163@%‘3’% N Eg'i’(ls'ii';‘n ?ﬁm‘i T i B E\'f’[“f'ﬁ% ‘i’ L= ]FEP\LP % l:f-
TSP 3% T30

2 J Re(psoriasis) &~ A & LR AR 0 RS A AKERY L KB p2 - [48]
B JAK2-PAFR-TYK2 g ficle @ g5 #2 Fdgdi v 22 & g et 2 Fprrenhf o A7
B At B G oeh JAK2 e TYK2 © S ERITE K2 A BEF B > 4o
ruxolitinib[49]4r tasocitinib[50]:& & & 2 4 & B % J$t JAK2 4o TYK2 & 7 4r4] » & @ 5

$ 5 L e

3 ABRE NPT S B R R e O ek LR JAK2-PAFR-TYK2 #-%e 27 4K
TR DM B Fla Jk T 2 LR A RTEREL 2 ATA R 0 1 JAK2-PAFR-TYK2
e aiigen 2 B » X3 12 BHEr 3Bl p 8 RFT > i 12 Bice
Tgw};t;iﬁ’i Zmre dom X RQAP R i L @ vEie fS o (] 4 SH3P2/OSTF1-CBL-SRC module ~
SLP-76-Cbl-Grb2-Shc module - Fc receptor.gamma-R1 stimulated ™ 2 CAS-SRC-FAK
module it e TR FRAR LIRS & 4 2 £ F]F 4L Bkig i (Epidermal growth factor
receptor signaling pathway;EGFR) - 2 g 3 4 e F b fidg ;ﬁ- I A I I

PHRETEFTAAPFNT NI RET R LA A LSRR M

JAK2-PAFR-TYK2 2 (JAK2/PAFR/TYK2) 4= 1p9m i (IL-6/IL6Ra/gp130) 2 F¥ 3%
$eh2 3 (e 4 w4 JAK2-gp130 ~ JAK2-IL-6Ra ~ TYK2-gp130 + TYK2-IL-6Ro( Bl -+
w B) o A SR A At Bk o 5 BiEE2 BT 1E% o povalue FE B
1.06e-5 > P ARSI A P T A o Bl AP XA BHCEG T EH OB R Bt A

1p9m ficie b IL-6 -6 7+ 4k irfs 3 JAK-STAT UL Bifiic > p 3§ < por= g o0 4
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HE 40 ERpEHIV)E > PR P IL-6 3 Fahs for ¢z i8> @ IL-6 v Fae
7 lpOm fifedg > F@ 2 g S lpIm e B F 0 A AT ¢ AP 1pom
Wi gz JAK2-PAFR-TYK2 fe$ 2 3 5% ehg 4 > #712 JAK2-PAFR-TYK2 e ¢ 7]

)
=

=1
—=\
g

d TR o bk PRt i JAK2-PAFR-TYK2 el f 3t &4 4L 4 £ 7+
R E B L2 S (EGFR) e dmre A1 % X 82 & @if2 5 > 15 JAK2-PAFR-TYK2 #i:2

A Fhi R Fa ERAN I EF o ad 2 Ak RT 2 - 08 AR

S
@
3

AK€ AR L > TP FEA P T § BT JAK2-IL6 E_F 5
Vo s A€ R A AR R - 0 %iév’ﬂﬁ?i%%%ﬁd JAK2-PAFR-TYK2
e AITHC e 3 IR WA RS 0T R > i JAK-318 T gt 4p

Aop (b2 L Befoiih (g M O E P 2

32



JAK2-PAFR-TYK2 module
(CORUM: 5178)

A H. sapiens M. musculus D. rerio
Cell surface
receptor
linked
signaling
pathway/z

(P29597)

> JAK2
N [/ PTAFR
Cellular * ootz (P25105)
protein 5 8
Interleuking maettr?vk\)/ghc
receptor P y
signaling
(1p9maA,
pathway P10 osrcos)
L6
(1p9mB, (1pomc LER®
P05231) P0S887)

s The hexameric human IL-6/IL-60
1 ¢ receptor/gp130 module
) (PDB ¢code: 1p9m)

B2~ AA%gs X8> 8 g JAK2-PAFR-TYK2 fic e gr 2 4837

il e b e pOR QST R F AP e B H AT et s X B A
¢ i B o (A)JAK2-PAFR-TYK2 #i- 2 (CORUM ID: 5178)x= 25 i ﬁﬂﬁﬁféﬂﬁﬂﬁﬁ Z_HRiT
Bl F R o ;%gﬂ BrfAant g% - 7 EE A RE A L 3B RS 4~ wE cell surface
receptor linked signaling pathway (& ¢ ) ~ cellular protein metabolic pathway (% ¢ ) ~ 12 %

interleukine receptor signaling pathway (& ¢ ) 2 %37 fi-% 4 %] 4 signal transducer activity
f= cytosol i& 2 B GO terms & 5 & A& e— R o (B) & 3 JAK2-PAFR-TYK2 #i- e 22 the
hexameric human IL-6/IL-6a receptor/gp130 (PDB code: 1p9m)ficie 2. & :&-smen 3 i *

Mk d MiFiTa e Pk B SAT R SEHE > A d MRIE A T B IR R

B2 BNt 3 IR xfE o

D

—
N
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A

Query : Chain B of 1p9m (IL6 of H. sapiens) . . .
Shict : IL6 of M. musculus (PO8505) Contact-residue identity : 7.7% (1/13)

Length = 211 Sequence identity : 40.4% (74/183)

Score = 151 bits (382), Expect = 2e-35, Method: Compositional matrix adjust.
ldentities = 74/183 (40%), Positives = 122/183 (66%), Gaps = 3/183 (1%)

Query: 4  VPPGEDSKDVAAPHRQPLTSSERIDKQIRY ILBGISALRKETCNKSNMCESSKEALAENN 63
V. G+ ++D P+R P+ ++ ++ I ++L I +RKE CN ++ C ++ +ALAENN
Sbjct: 30 VRRGDFTED-TTPNR-PVYTTSQVGGL ITHVLWEIVEMRKELCNGNSDCMNNDDALAENN 87

Query: 64 LNLPKMAEKDGCFQSGFNEETCLVKIITGLLEFEVYLEYLQNRF-ESSEEQARAVQMSTK 122
L LP++ DGC+Q+G+N+E CL+KI +GLLE+ YLEY++N ++ +++AR +Q T+
Sbjct: 88 LKLPEIQRNDGCYQTGYNQEICLLKISSGLLEYHSYLEYMKNNLKDNKKDKARVLQRDTE 147

Query: 123 VLIQFLQKKAKNLDAITTPDPTTNASLLTKLQAQNQWLQDMTTHL ILRSFKEFLQSSLRA 182
L1 ++ K+L I P P +NA L KL++Q +WL+ T IL+S +EFL+ +LR+
Sbjct: 148 TLIHIFNQEVKDLHKIVLPTPISNALLTDKLESQKEWLRTKTIQFILKSLEEFLKVTLRS 207

Query: 183 LRQ 185

RQ Contact residues
Sbjct: 208 TRQ 210 Hydrogen-bond residues: [gFéen
Others : gray

B
Query : Chain B of 1p9m (IL6 of H. sapiens) Contact-residue identity : 0% (0/13)
Shjct :IL6 of D. rerio (GenBank: AFC76325.1) Sequence identity : 23.6% (29/123)

Length = 231

Score = 36.2 bits (82), Expect = 1.1, Method: Compositional matrix adjust.
Identities = 29/123 (24%), Positives = 56/123 (46%), Gaps = 7/123 (6%)

Query 64  LNLPKMAEKDGCFQSGFNEETCLVKIITGLLEFEVYLEYLQNRFESSEEQARAVQMSTKY 123
++P+ DC F+ ECL +1 + L ++  Y++ +S ++ STK
Sbjct 95  ISTPLLKPSDRCLSKNFSTERCLTRIYSVLTWYKDNWNY IEKENLTS-VLVNDIKHSTKR 153

Query 124 LIQFLQKKAKNLDAITTPDPTTNASLLTKLQAQNQWLQDMTTHLILRSFKEFLQSSLRAL 183
L++ + ++ D DT+ TL +#+W+ THIL+F + + RA+
Sbjct 154 LLEAINSQLQVRDG--EMDQTSS----TSLSFKSAWTRKTTVHSILFNFSSVMIDACRAI 207

Query 184 RQM 186
M Contact residues
Sbjct 208 NYM 210 Hydrogen-bond residues: [green
Others : gray

Bl ~ A IL-6 39 F(chainBof Ipdm)&# £ & ~ 38 4 2 kA dIv FhR 7
)

r4 BLASTP &7 A g IL-6 F-v F & (A)X & (B)mb g2 Fihd-v Fe i 5t 4o
Tk 2 2 & B oo (interface) + < contact residues o
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(=) ~ TRAP-SMCC mediator #-%

TRAP-SMCC mediator fii e & #4454 ¢ ¢ %3 473 [61, 52] - Mediator of RNA
polymerase Il transcription subunit 19 (Med19)> ¢* 3¢ & £ TRAP-SMCC mediator i p
e [ 2 — o FF R [52]00 2 5L [S3] 3R G TR o AU B le R e e ROk e 2k
ﬁie?J gt B B w0 F] et 5 & 3] TRAP-SMCC mediator #-%> 2t fice 35 & 5] 7 B ik
-2 > TRAP-SMCC mediator #-%:xf% 3 3 B GO terms> & %] §_transcription (CRF=0.83)~
RNA polymerase Il transcription mediator activity (CRF=1.00) ~ 4= mediator complex
(CRF=1.00) (B~ = B)> 7 A&ei i st e 15 BakiThde (% ¢ & L) #73rf2«n GO term
» £ TRAP-SMCC mediator #i-e 725 5 5 B Rehi- R o8 % Hor AP ahiesbe 11
e FOE e Ap e e BR A GO terms s fE L R H «‘ﬁ B H 3 -0 TR B

6 R chimee i o

B A ogpe -k Renfiile 2 5 v # feEe ¥ s TRAP-SMCC mediator #icie (= ¢ & 8L) % 5
15 BAR:THCE > @i 16 BHceY £ 5 57 iEfle I 0% (Bl+ - B)> 1345 GO terms
o MIPS FunCat 4 470 B 500 5 4pde fi i & TSR IF? > A R7 U A2 3 B %
B 1% 3 1 % B4 %] &_transcription activation~ transcription repression ~ DNA conformation
modification (&]:chromatin structure modification) (B~ = ) o &S\ P enficie 2 5 (7% R §t
¢ EL% 1] & TRAP-SMCC mediator #i-e ¢ 3 MED19 3¢ & - mediator of RNA
polymerase Il transcription subunit 29 (IXL or MED29, BADUAT) 3-v F trf 4 &+ 4~ @ 27 3K
TN FRRSII E 5 2% % k¥ MEDL9 fr MED29 &4 B F-v A6
J (tumorigenesis) ~ 3 HJj‘tr}%(breast) ~ % (lung) ~ %% %R (pancreatic cancers) 4 i ¥ B 414

ik d o
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Input one or multiple & Protein seq Gene fUniProt AC Input one or multiple © Protein seq & Gene SUniProt AC

Entar FASTA sequence (cxamp e 1) (exameie 2) Entar, ession number (zxamgls 1) (2xampls 2]
>ap1GIC1I0IMEDIP_MOTEE Mady f KA polymarase 11 Eransceiption MEDLD

subusit 19 G57Mun mesculus SNRMEdlS PERL S¥RL

HENPT!

1L

bof sepechrendt | Choar | | SBearch

(Quick ok of search result [Ciwar | [ Search Chick |

B NetMoFamily Module candidates T e —— Protein PPI profile GO annotation
Module-module interaction twork

Center
module TRAP-SMCC mediator complex
name:
No. of 7
organisms:
Reference: MIPS mammals module: 867
Top 1 annotation of center module family
: 0.6
BP: transcription
M. FNA polymerase I transcription mediator
* activity
CC: mediator complex
Top 1 annotation of neighboring modules :
BP: transcription
M. FNA polymerase I transcription mediator
" activity

CC: nucleus

R b o . 3
Select species: | Homo sapiens <] Neighboring modules of TRAP mediator comple
EANT No. No. No. of p-ralue of
Topology description : Show ID  MMI Name organisms proteins PPIs Organisms  MMI
Center module : (@) Neighhoring module : () @ 301 Topolozy SMCC complex Memsem | i 2 1160042
Selected module : () Selected neighboring module annotation
Module-module interaction : B
GO type Gom GO temm Consepsus Adjusted p-
3 T T AT Ratic  vahue of GO term
€lected neighboring module BP  GO.0006350 trenscription 0.636 732607
THRAP2 MF GO:0016433  RNA polymerase Il transcription mediator activity 1.000 1.78e-23
cenc 2 €C GOD016592  mediator complex 1.000 278620
288 Topolozy ARC complex Hsapiens 15 36 12 5 12039
- MEDTT 229 Topelogy NAT complex H.sapiens 7 14 13 2162036
MED12 337 Topolozy Mediator complex Mmuseulus 8 9 10 1408 021
MED21 CDKE MEDZO 2626 Topolozy CCNC-CDKS-MEDI-MEDS-MEDT Hsapiens 35 4 35 3456019
- xeomplex
MED10 =, 910 Topolozy CRSP Mediator 2 complex Hsapiens 10 s 11 3422015
MEDZT 2823 Topology BRCAL-RNA polymerase I complex Hsapiens 26 106 53 291e-014
=t Topolozy CDKS-MEDS-PARPI complex H.sapiens 3 2 17 1726014
MED1S RNA polymerase IT complex (RPBL
3060 Topology RAPT4, CDKS, CYCC, SRET, BAFI90,  H.sapiens 7 14 30 6702014
B . BAF17), chromatin structure modifying
2685 Topology RNA polymerase I (RNAFIT) Hsapiens 17 56 36 3802013
RNA pelymerase Il complex (CBF,
3061 Topolozy PCAF. RPB1_BAFAT CYCC. CDKS).  H sapiens 5 13 63 3032011
C chromatin structure medifying
T Select module:
MED22 TRAP-SMCC mediater complex SMCC complen
MED1T
MED4
p—
" MED11
WED12
®L
WED25
B4DJL3
WEDS
oMt ome
Protein : PPI:

Hamologous moduis of TRAP SMCC mediator complex

e M e 8 A0 Commmdietadd
o iy Oopames MED ¥ pLs i L MBI Minto jpim femedrge © Sl by qury ® S by vt predetal)
Oy . PRI famiky
Querypreteims GRS 3 : 3 L e
AN M sl 5 Lo e
LAV Hose sagiers L w
MAM ot 10 :
VET D e Lo
VAT Tewssde s Lo
o Asophedss pumbae ’ o
ooy A oL "
BV Asdes sagi 10}
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B~ >~ FiRRERBEREREHEF TRAP-SMCC mediator 22 27 41 5

e R e R e RO% S 5 £ 39 mediator of RNA polymerase 1 transcription subunit
19 (Med19) - (A) & * J‘ﬁ“’ uéi;J » F-9 B A 7| ~ gene name ~ UniProtKB - (B)#& & ] ik
it TRAP-SMCC mediator ficie ~ #RiTernficie ~ aRiT R < 3 %% Rt ~ L ficle ROEZ A0
THC ez F g GO 1f% o (C)# & TRAP-SMCC mediator #2873 $% 2 #RiT i
fe (] SMCC #irle)Fi¥md—y F 2 3 i8* ®a o (D)TRAP-SMCC mediator il s7le ik

AR S SO R

H. sapiens M. musculus D. rerio
2625 Transcription 2625 2625
- activation N -

/

537 537
2626 1.\ \910 2626°1.\ 910 2626
30 301 39)
ar %\ 2\ 1\ =
Transcription 288 288 288
repression
2685 . 2685 R
1080752 B 3080,
\ 441 e, ey
6 3061 L1308
2639306i061 2539306 306 3 301
\DNAconformatlon
modified

(e.g., chromatin
structure modification)

B+ - ~ A%~ & -5 42 TRAP-SMCC mediator #3227 #RiTH-

TRAP-SMCC mediator #-2 (CORUM ID: 867)%2 15 i #8:T fije A7 4 = eriilaT filie & e it o
Fd B R o T R S O 2 30 R B 4 5] S transcription activation (84 )
transcription repression (4= ¢ ) ~ DNA conformation modification (¢ ) - H aR8:TH e &
including transcription ~ RNA polymerase 1l transcription mediator activity ~ medlator complex
13 1 GOterms:Lfd t & 3 4p§ B - KL o
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dRnERRR Y FANAWE R RPARREERRELEER AL TR
Brin2 Bend 3 (8% foficle 3 3 08 % gt 0 gt e RS - B3R AT R o dg o
B b i L3 (vr R d AL BRI A MSLBP U R X h3
SR FORY T P fEndd T Rd Bhd FRI T chirg T 22 g% GO
terms A #7 A 38 ehf e ROEfe AR eDiC e (T fE o

AU % 2 &g d BdRh o AV IR 0 e s IRAE 0 R Y H i~ AR
BOFAIS F AT R R R L D g R AR > P R T
R S B A R e R T (R R TR P e ORI e K S
_-ﬁb T4 kv ’;.‘récu Lf% o

ANPAR T R e ROR ST Nk R - B EE RRE e 3 i

SPRGR 0 X 2Ry s B foimre 4 i iE ARk g B ESETR fF -
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% = ~JAK2-PAFR-TYK2 # e cnfiRiT - it 312
Functional Module p-value of Module family Module family i
Name . . FunCat annotations [54]
groups ID MMI annotation annotation at level 5
proteasomal degradation
(ubiquitin/proteasomal pathway);
cellular protein metabolic
cellular protein tyrosine kinase;
2563  FGFR2-c-Chl-Lyn-Fyn complex 2.28E-08 protein phosphorylation process
metabolic pathway FGF-receptor signalling pathway;
(GO: 0044267)
structural cell of tissue (fibroblast,
osteoblast, etc.)
cellular protein cellular protein metabolic enzyme mediated signal transduction;
p21(ras)GAP-Fyn-Lyn-Yes
metabolic pathway 2564 2.28E-08 protein phosphorylation process blood coagulation;
complex, thrombin stimulated
(GO: 0044267) platelet
cellular protein cellular protein metabolic
CD20-LCK-LYN-FYN-p75/80 tyrosine kinase;
metabolic pathway 2565 2.28E-08 protein phosphorylation process
complex, (Raji human B cell ling) B-cell
(G0O:.0044267)
protein phosphorylation;
cellular protein metabolic
cellular protein EGFR-containing signaling cell communication;
1185 3.99E-05 process EGF-receptor signalling pathway
metabolic pathway complex phosphoinositide-mediated
(GO: 0044267)
signaling
cell surface receptor cell surface receptor linked
SH3P2/OSTF1-CBL-SRC epidermal growth factor cell adhesion;
linked signaling 5713 1.06E-05 signaling pathway (GO:

pathway

complex

receptor signaling pathway

0007166)

actin cytoskeleton
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% - ~ JAK2-PAFR-TYK2 # iRt it i£f2(2)
Functional  Module p-value of Module family Module family i
Name ] ] FunCat annotations [54]
groups ID MMI annotation annotation at level 5
modification by phosphorylation,
cell surface receptor cell surface receptor linked
insulin receptor signaling dephosphorylation,
linked signaling 1222 Irs1-Grb2-Ptpnl complex 2.17E-09 signaling pathway
pathway autophosphorylation;
pathway (GO: 0007166)
insulin receptor signalling pathway
cell surface receptor cell surface receptor linked
Sam68-p85 P13K-IRS-1-IR insulin receptor signaling insulin receptor signalling pathway;
linked signaling 2577 3.77E-12 signaling pathway
signaling complex pathway cytoplasm
pathway (GO:.0007166)
cell surface receptor cell surface receptor linked transmembrane receptor protein
SLP-76-Cbl-Grb2-Shc complex, epidermal growth factor
linked signaling 2535 2.28E-08 signaling pathway tyrosine kinase signalling pathways;
Fc receptor gamma-R1 stimulated receptor signaling pathway
pathway (GO: 0007166) immune response
cell surface receptor cell surface receptor linked
Frs2-Grb2-Shp2 complex, FGF fibroblast growth factor
linked signaling 2550 1.06E-05 signaling pathway FGF-receptor signalling pathway
stimulated receptor signaling pathway
pathway (GO: 0007166)
epidermal growth factor
receptor signaling pathway;
cell surface receptor cell surface receptor linked
nerve growth factor receptor transmembrane receptor protein
linked signaling 5282 CAS-SRC-FAK complex 1.06E-05 signaling pathway

pathway

signaling pathway;
integrin-mediated signaling

pathway

(GO: 0007166)

tyrosine kinase signalling pathways
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% = ~ JAK2-PAFR-TYK2 #CiEenfiRi #% # i 3172(3)
Functional  Module p-value of Module family Module family i
Name . ] FunCat annotations [54]
groups ID MMI annotation annotation at level 5
non-enzymatic receptor mediated
cell surface receptor cell surface receptor linked signalling;
ITGA6-ITGB4-SHC1-GRB2 integrin-mediated signaling
linked signaling 3096 3.99E-05 signaling pathway cytoskeleton/structural proteins;
complex pathway
pathway (GO: 0007166) epithelium;
skin
T cell receptor signaling
polyphosphoinositol mediated signal
pathway;
cell surface receptor LAT-PLC-gamma-1-p85-GRB2- cell surface receptor linked transduction;
platelet activation;
linked signaling 2529  CBL-VAV-SLP-76 signaling 7.20E-13 signaling pathway transmembrane receptor protein tyrosine
nerve growth factor receptor
pathway complex, C305 activated (GO: 0007166) kinase signalling pathways;
signaling pathway;
adaptive cell mediated response (T-cells)
T cell costimulation
vesicle formation;
cell surface receptor
CIN85-CBL-SH3GL2-EGFR endocytosis
linked signaling 2454 1.06E-05 - -
complex, EGF stimulated EGF-receptor signalling pathway
pathway
second messenger mediated signal
cell surface receptor
cRET-Shc-Grb2-Gab2-P85PI13K- transduction;
linked signaling 482 3.03E-10 - -

pathway

Shp2 complex

transmembrane receptor protein tyrosine

kinase signaling pathway
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% - ~ JAK2-PAFR-TYK2 # iRt it iLfz(4)
Functional  Module p-value of Module family Module family i
Name ] ] FunCat annotations [54]
groups ID MMI annotation annotation at level 5
cell surface receptor CIN85 complex (CIN85, CRK,
transmembrane receptor protein
linked signaling 2480 BCARL1, CBL, PIK3R1, GRB2, 1.35E-09
tyrosine kinase signalling pathways
pathway SOS1)
polyphosphoinositol mediated signal
transduction;transmembrane receptor
cell surface receptor
PLC-gamma-2-SLP-76-Lyn-Grb2 protein tyrosine kinase signalling
linked signaling 2536 2.28E-08
complex pathways;
pathway
blood coagulation;
platelet
interleukine receptor interleukine receptor signalling
1515  IL4-IL4R-IL2RG complex 1.06E-05 immune response
signalling pathway pathway
transcription activation;
interleukine receptor
5564  LMOA4-gp130 complex 4.68E-11 interleukine receptor signalling
signalling pathway
pathway
interleukine receptor Shc-Ship-Grb2 complex, 1L-3 interleukine receptor signalling
3203 1.06E-05
signalling pathway stimulated pathway
Crystal structure of the hexameric
interleukine receptor
1p9m  human IL-6/IL-6 alpha 1.06E-05 -

signalling pathway

receptor/gp130 complex
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# = ~ JAK2-PAFR-TYK2 # & cnfiRiT -7 i 1112(5)
Functional Module p-value of Module family Module family )
Name ] ] FunCat annotations [54]
groups ID MMI annotation annotation at level 5
cell motility;
2528 ERBB2-MEMO-SHC complex 1.06E-05 - -
microtubule cytoskeleton
protein targeting,
sorting and translocation;
RIN1-STAM2-EGFR complex,
- 3678 1.06E-05 - - endocytosis;
EGF stimulated
EGF-receptor signalling pathway;
endosome
cellular signalling;
- 2542 EGFR-CBL-GRB2 complex 2.17E-09 - -
endosome
ZAPT70-CRKL-WIPF1-WAS
- 2510 3.99E-05 - - cellular signalling
complex
vasculature development integrin receptor signalling pathway;
- 2475  Cbl-Crkl-Rapgefl complex 1.06E-05 blood vessel development

(GO:0001944)

cell migration
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