Network biology approaches in the identification
of novel pharmacological targets
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Biological Systems are complex
,.ll,|u||w|||w|||||'|||||||||qu«uqum‘mmmmw

WARARTL VOA | | VAALATE

I ] “ >
. 0. __$-CoA | [6. __OH | CoA-SH= w < w" c
e~ B I o<> ,:3
° Hi numpoper o 4. £ | 155 133
074 "OH 0" "OoM | LALA- o9 '<z AM
\ NADPH _ | GLYOXY L”_""_ I NINE !N - ).g
N +HTY LT 452 E\_ ‘ ™eE S J38
components and/or \ waor = bamvoro. A8 Ao, | woocpeon' § 38
- - \EEEE e | )
interactions between o B (B, b
\\ // ™ | 4 éOOH INO
Mene W # Y H.O.D — I /4
them _AYEI GLYOXYLATE NH,’ ACID ”"’,0 | 4/ .TM’F E‘
) '
st OspnM 1‘:&.—;&:9;2—‘; .4-_'—“_31-;4/ - ,Mg"’,. - S ———
¢ o> 1, 2- ¥ g
I I oxy Coom | ST crycinE — Fyee GLUTARATE /. maare 2N
* Not possible to predict S ™ ARATE /| are L
FIINM, - € 1" L-GLUT- ,/.// COOM|  NADH +MH* NAD* €
system behavior just > N N F e Pl [t
N 7/ A 2 - »C
y J o, b SOCHIRATE LTASE g DEHYDRO- SS|CH, 7 ¥ ¢
- GENASE ¥ |doom | WNACCEPTOR 1, ACCEPTOR ¢
(NADP)

2-HYOROXYGLUTAR
DEHYDROGENASE

NH,
NADPH + HYN/

GLUTAMATI

DEHYDRON
[Note 14 (1
(AL

knowing the behavior of &= o Y t
. . . UVATE threo-Ds- (Note 25 OOHe Base
individual components S Nl v /L

~ COOM GENASE - :
ey an-doy | MADPA CENASE ‘0‘ K, /7 GLUTARAMATE
P — ¥

« Computational LT e g D .

COOH 9 "\~ sy s === ""DEHYOROGENASE

approaches are needed B Y T -
T» to integrate available i T sty P il
\"/4( information I 7 M

()0
XN
(D<)

\
\/




Network Biology
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(a) Hub-bottleneck

* Networks are good
representations of
complex systems

Nonhub—-bottieneck

- Easy to analyze &
computationally @
 Network theory @ \
measurements can:
* |dentify network Hub-non-bottleneck

modules P
« [dentify relevant nodes """




Network Biology
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Specific Betweenness
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Network Biology of CFTR
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Network Biology of CFTR
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CFTR stability modulators |
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« SYK phosphorylates
CFTR

* Promotes CFTR
endocytosis

 Proteins interacting
with phosphorylation
site may modulate
amount of CFTR at
the plasma
membrane

A CFTR phosphorylation B CFTR stabilization
and endocytosis
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CFTR stability modulators |
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Apically retained Corrected
corrected F508del-CFTR F508del-CFTR

* NHERF-1 binds
CFTR

e Activated Ezrin binds
NHERF-1 and actin

cytoskeleton
F-actin %
polymerization
~

Moniz S et al (2013) ACS Chem Biol




CFTR stability modulators Il
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* CAMP signaling through
EPAC1 promotes CFTR
stabilization

« EPAC1 and CFTR
colocalize and interact
through NHERF1

Lobo MJ et al (2016) J Cell Sci



Specific neighbors of CFTR Interactors
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Finding mediator proteins — Bridge Score
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* List of paths linking
Interesting proteins

» Quantify fraction of paths |
that go through each
candidate b
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» Decreasing weight
according to path length
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Candidate selection
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UniProt identifier Gene Protein Specific neighbor of  Strong mediator of CFTR with

QOHORS GABARAPL1 Garmma-aminobutyric acid receptor-associated protein-like 1 All sets EZRIN, NHERF1, SYK
(Early estrogen-regulated protein) (GABA(A) receptor-associated
protein-like 1) (Glandular epithefial cell protein 1) (GEC-1)

095166 GABARAP Gamma-aminobutyric acid receptor-associated protein All sets NHERF1
(GABA(A) receptor-associated protein) (MM46)
P60520 GABARAPL2  Gamma-amincbutyric acid receptor-associated protein-like 2 All sets EPAC, EZRIN, NHERF1, SYK

(Early estrogen-regulated protein) (GABA(A) receptor-associated
protein-like 2) (Glandular epithefial cell protein 2)
P35228 NOS2 Nitric oxide synthase, inducible (EC 1.14,13.39) (Hepatocyte All sets NHERF1
NOS) (HEP-NOS) (Inducible NO synthase) (Inducible NOS)
(INOS) (NOS type ll) (Peptidyl-cysteine S-nitrosylase NOS2)

Q58007 LRRK2 Leucine-rich repeat serine/threonine-protein kinase 2 (EC All sets EPAC, EZRIN, NHERF1, SYK
2.7.11.1) (Dardarin)

P35240 NF2 Merlin (Moesin-ezrin-radixin-like protein) (Neurofioromin-2) All sets EZRIN, NHERF1
(Schwannomerlin) (Schwannomin)

Q13418 ILK Integrin-linked protein kinase (EC 2.7.11.1) (59 kDa serine/ All sets except pep-wi
threonine-protein kinase) (ILK-1) (ILK-2) (p5S9ILK)

QIHCET SMURF1 E3 ubiquitin-protein ligase SMURF1 (hRSMURF1) (EC 2.3.2.26) All sets except wt NHERF1, SYK

(HECT-type E3 ubiquitin transferase SMURF1) (SMAD

ubiquitination regulatory factor 1) (SMAD-specific E3 ubiquitin-

protein ligase 1)
QBTF42 UBASH3B Ubiquitin-associated and SH3 domain-containing protein B All sets except wt SYK

(EC 3.1.3.48) (Cbl-interacting protein p70) (Suppressor of T-cell

receptor signaling 1) (STS-1) (T-cell ubiquitin ligand 2) (TULA-2)

(Tyrosine-protein phosphatase STS1/TULAZ2)
Q13618 CuL3 Cullin-3 (CUL-3) All sets EZRIN, NHERF1, SYK
P46940 IQGAP1 Ras GTPase-activating-like protein IQGAP1 (p195) All sets except pep-py  EZRIN, NHERF1, SYK




Experimental validation
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Experimental validation
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« KD of GABARAP
Increases F508del
CFTR abundance
at the PM B

* And increases
surface protein
stability

CFTR-wt @ 37°C
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Conclusions
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* EXperimental data only identifies a fraction
of proteins involved in the process or
disease of interest

 Networ
the full

« Special

K analysis allow us to reconstruct
picture

y powerful to find the missing links

between related processes or diseases
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