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Some organizational information

- Questions throughout the lecture are welcome
- | will ask questions, too!
- Happy to receive feedback on the course



Outline

1. What are protein interactions?

2. Methods to detect protein interactions

3. Bioinformatic resources for protein interactions

4. Graph theoretical aspects of protein interaction networks

5. Visualizing and analyzing networks using Cytoscape
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1. What are protein interactions?



Why do protein interactions matter?

» Gene X functionsin Y - How?

humanoriginproject.com
@ Protein X functions in Y - How?

- Interactions mediate a gene’s
function
- Interactions inform on a gene’s

function



Protein interactions mediate cellular function

Proteln
Interaction

Genome, Cellular function
Environment and organization
Mutation,
pathogen, — — Disease
toxin



Protein interactions are complex




Non-covalent contacts between amino acids mediate
protein interactions

Hydrophobic contact
(van-der-Waals)

Charge contact (salt

)\

Polar contact (H-bond)




Protein interaction strength is expressed as
dissociation constant Kp

[A] + [B] = [AB]

_ [Al[B]
[AB]

Kb

- the smaller the Kp, the stronger the interaction
- nM -> very strong, uM -> rather weak
- It Is a continuum!



When can we say that two proteins
interact with each other?

- interaction strength (Kp) is a continuum
- there is no universal cutoff on the Kp

- discrimination into binding/no binding is assay-dependent

Increasing
functional
relevance?

Increasing
conservation

>
Decreasing interaction strength
nM » UM

- core biological processes
- proteasome, transcription
complex, ...

- multicellularity
- regulation, signaling

Wan et al Nature 2015



All life depends on the proper formation and
dissociation of protein interactions
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Mechanisms of protein interaction specificity?



If we knew all (human) protein interactions...

Complete Complete
functional .
. — —— understanding of
annotation .
human biology
of all genes
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2. Methods to detect protein interactions



Why is it so hard to detect protein interactions?

Next generation
Genome  QWPORN J =

sequencing o
l Great sensitivity
-> Amplification via PCR
. Next generation
Transcriptome w sequencing )

- Moderate sensitivity
Proteome Mass spectrometry  (—/

l

-> no PCR for proteins

- No PCR for interactions
& - Interactions are a state,
not a molecule

Interactome




Approaches to detect protein interactions

interaction detection method
experimental interaction detection
biochemical . . . .
affinity technology
Detection of direct interactions
chromatography technology
cosedimentation

cross-linking study

electrophoretic mobility-based method I SOt h e rm a I t | t rat I O n C a I O rl m et I"y

* peal’see

enzymatic study P I d
footprinting aS m I S Y Syri
yringe

nucleotide exchange assay Raw daota

polymerization \

probe interaction assay T{Y‘{Y’f""

virotrap
biophysical . .

biosensor Proteln Measure_ w = DIreCt

circular dichroism > _>

detection by mass spectrometry . .

differential scanning calorimetry pu rlﬁcatlon ment Time —> I nte ra Ctlon
electron diffraction
electron resonance

enzyme-mediated activation of radical sources
equiliorium dialysis Reference cell Sample cell
filter trap assay

fluorescence technology

force measurement

force spectroscopy

A Detection of binary interactions

light scattering
luminiscence technology

microscale thermophoresis P t .
molecular sieving ro eln Yeast tWO—hyb rld
neutron diffraction .

neutron fiber difiraction Complementa’uon assay
nuclear magnetic resonance
rheology measurement
scintillation proximity assay
small angle neutron scattering

thermal shift binding
ultraviolet-visible spectroscopy

x-ray crystallography

Binary
interaction

—

genetic interference
chemical rna modification plus base pairing prediction
random spore analysis
synthetic genetic analysis
imaging technique
atomic force microscopy
confocal microscopy
electron microscopy
fluorescence microscopy
fluorescent protein-protein interaction-visualization

light microscopy
super-resolution microscopy
x-ray tomography
phenotype-based detection assay
nuclear translocation assay
post transcriptional interference - = -
Detection of co-complex associations
antisense rna
miRNA interference luciferase reporter assay
rna interference
protein complementation assay
Split Intein-Mediated Protein Ligation
adenylate cyclase complementation

Mass spectrometry

beta galactosidase complementation

beta lactamase complementation
bimolecular fluorescence complementation u

dihydrofolate reductase reconstruction

kiss d
mammalian protein protein interaction trap OW n

protein kinase A complementation

‘ C_Zo—complex
| | interaction

reverse ras recruitment system
split luciferase complementation
tox-r dimerization assay

e e s NLLPS://WwWw.ebi.ac.uk/ols/ontologies/mi



Different assays produce different types of
protein interaction data

Direct assays Binary assays Co-complex assays
Direct interactions - Binary interactions - Co-complex associations
Protein fragments - Full length proteins - Full length proteins
With Kp - No Kp - No Kp
Low-throughput - Over-expression - Over-expression and

endogenous

&V

- All are called protein interactions
- Assays differ in which interactions they can detect



Accuracy of protein interaction assays

Sensitivity of protein interaction assays

Known protein interactions

Why are some interactions detected by some assays and not by others?

Assays ‘

Protein fusions Interaction strength Cellular environment
o “ - @
yeast HEK293T
Protein isoforms Post-translational modifications
| ] |
~ -P

Braun et al Nature Methods 2009



Accuracy of protein interaction assays

Specificity of protein interaction assays

Why would an assay erroneously report a protein interaction?

Random protein pairs

Protein fusions Contamination (AP-MS) Auto-activation (Y2H)

-

tag - ‘
9 v
Control Control
tag - '
‘ DB ~ —>

Braun et al Nature Methods 2009



Accuracy of protein interaction assays
Correct benchmarking of assays

Positive reference set

ity

VI

High specificity

Low sensi
Braun et al Nature Methods 2009, Luck et al TiBS 2017

Protein
interaction
dataset 2

v90 sg90 HO0D  BOHOOZ
24N soH INLl  ZZWINL
ze49 1v1 4914 9vANZ
wea V-V H 9AdZd  92WIEL
odvHL €avL 1STOH 21vs
wea OV Id43S  9NLOQ
WO GH49ad avs 81494
2849 2).1d 2d8v4 VSXL1S
[NTET) ESEE] SO 2¥S9rL00T
youI8 LdSYO 24NV 2Dz3an
0L4SANL 8014SHANL 9400 YIV6EDS
£ANDD 9%a0 SHIHD _ 9dIgTHV
L_cavns yavns| aws  LOWHV
1710X0 487l XNV zaviv
LOEHN Y13H V63ad veeserid
120HO OLNOW ls1a0 LPHaM
ESTVO1 dIESTIVO 018  SLSOWWIM
LOVaH 919167 1800 20dN
Wed 8-V 1H WdHNH  0k4SANL
|_LINdid ____ 2SHd| WAl 21929N
VidIH €5dl Ogddd  0S€dNZ
1494 LH4D4 HOY £408V
2dvdD v SSV 2Ll
2do1 LAVA guxd  L170X0
284D LAVA al4N dvdiL
VONVH DONVA Wd MOS
LOVOH 184 VIH  ZHOLWY
85490d FINdLd ¥dN30 €ldd
2did POHYO £dg) 2ODN
9dg30 so4 EAVP  QIA9dLY
YN L84 LOHO 9THM
134 2SH4 V0 SHd.ld
LdYOHEY 2dINg lsoud S2HLS
VOHH  }dvOHEY vSHY INga
LAY SH2dYW Hyoad  IdEHAN
BT} S4IN aodvy LONW
yOHIg £dSY0 vdavd 909
[ETE 2diduy 1413 HwN
200 8500 vHEvD  2didLSd
| esdl  ie38n| ONON 2aWA
ZWOW SINOW Hiddd 269€09I
vSpaavo WNOd VIH 2NaSd
Sdgv4 LV00IS £8aY3 L9209
LMY V1oL Sz01s  £l2dNZ
yAVINS V1d0a lv43a /64080
1OEUN ¥OdSH ISAB  LOBOWYIN
1d8ON 2dgON HLLSIH 10adN
araad 112aND ¥EQD 19140020
vZuwitd ZlA HOWd £0IH
1ovH 2diduy sv4 NS
120H0 WO Wid1o  zuawel
2ZYaH ggH SQWSd _ ¥BYO0LD
== Dion | dHOWN  SZSdHI
ZWOW SNOW XN 2EdNN
eLiaa sod LaWSd 1dIH0
Z491 #dg49I L9ONH +av3aL
€883 19HN ZIVN  YIVNO
LY IMdad 1Na 0202E09
(BT vidvd XNVO GL43DHHY
yoHIg 64SYD OOHH  0£102r1<
2dSvo aavyo pX10  disavy
VONYS DONVS Seavy 208
L_tavws vavis| LddNI 2900109
2vdy £vdH Hiddd  L0E4NZ
IN3d VNOd 94V0S  8l2dHd
LOHO NVH ZNOW  ¥evdzaxa
yansSd veeavy Ogdly Q20310
D4V 1 1234N Zxgd TUA
§180 2859 vg1do ZHAd
61X3d 91X3d engy Ivess
VINMAD LYNOO 2LaNN  8eveiMmd
LNMAD LYNOO LHAOV _ 11614MD
V L3S S BOVIN 4010
9V00LS 0018 gNOdd  OPPANZ
Ve 112108 SAWSd S1ve20s
1120V LILavIN daN ¥LANN
2yLd OHS 8|HdD  TIdUNH
V Ld¥S odl18 EXdd  Drvwas
61X3d a11X3d 9400 ¥IVOdH
VOEddd 1HEddd INNO 1ovHd
61X3d £X3d 3SIN eavL
142419 242419 20d9 _ szherd
viIX3d 61X3d S2OIN -LOVNTYD
2400 81830 CIGAN 600}
1Ha IdvHa - o zaH
£41Y eLaa % FIVNN  YddIND
anne 4lva SANE 61140010
NS 2ns % 8HAd  HOHED
2do1 2dvHD C V901S  tdSHW.
IV00LS 8001S @ Z2inHS £0VL
VNI NI .nlv Vdll  ¥IH06LD
ava 112108 o e rooonill
< c <
@ = o £

Wwao a S = &

X S B2 X >Sarta<

S5SN0Z & SN0 Z

=2>0 2 @ L >a =

Low overlap

Correct interpretation of protein interaction data

Protein
interaction
dataset 1



Functional relevance of detected protein interactions

Often artificial context when protein interaction is detected

In vitro Exogenous expression Cellular context Cell lysis
A4
< @ w
@® “_—
yeast cell line

—
—

At which ceIIuIar context is a detected protein
interaction functional?

Should we delete ‘non-functional’
interactions?

O Mutation Cancer

® g e o " e




Methods to detected protein interactions

Summary

- Interaction strength is a continuum

- Most common methods are direct, binary, and co-complex assays
- Different methods detect different types of protein interactions
- Many interactions remain undetected

- If properly controlled interaction data can be of high quality

- It is difficult to distinguish between functional and non-functional
protein interactions



