


Overview: Why is protein structure important?

(d) Quaternary structure Hemoglobin
(globular protein)

Protein structures are the basic units of
cellular and molecular work.



What is proteomics”?

S, Wi

(

11 could possibly happen
Proteomics: what actually happens

Protein
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What is quantitative proteomics?
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technique that determines the amount of the
proteome’s proteins in a variety of contexts.


http://sneezetoronto.com/corptest/clinical-operations/high-throughput-screening/

Why is quantitative proteomics important?
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Quantitative proteomics enables both the identity
and quantification of proteins essential to cellular
and molecular mechanisms.


http://sneezetoronto.com/corptest/clinical-operations/high-throughput-screening/

What'’s the quantitative proteomic workflow?

CELL CULTURE OR TISSUE
EXTRACTION OF PROTEINS

COMBINE PEPTIDES

AUTOMATED DATA ANALYSIS

ANALYSIS BY LC-MS/MS



http://www.thermofisher.com/us/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-systems/lc-ms-application-solutions/tmt-based-quantitation.html
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http://www.thermofisher.com/us/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-systems/lc-ms-application-solutions/tmt-based-quantitation.html



http://www.rdmag.com/article/2016/07/avoiding-contamination-cell-cultures
http://www.rdmag.com/article/2016/07/avoiding-contamination-cell-cultures
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http://www.geneaid.com/products/dna-rna-protein-extraction/dna-rna-protein-extraction-kit
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CELL CULTURE OR TISSUE
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“‘ ' AUTOMATED DATA ANALYSIS

ANALYSIS BY LC-MS/MS

\ s



http://www.thermofisher.com/us/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-systems/lc-ms-application-solutions/tmt-based-quantitation.html

Where does trypsin cut proteins?

Trypsin
R ’ O R O
+
& )\[( N \)J}) + HZO »> & /H(O_ + H3N \)Q
O R 0 =Y
Polypeptide Polypeptide fragments

R = Arg and Lys

Trypsin is a serine protease
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http://www.thermofisher.com/us/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-systems/lc-ms-application-solutions/tmt-based-quantitation.html

What might a tag look like?
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CELL CULTURE OR TISSUE

~ COMBINE PEPTIDES

AUTOMATED DATA ANALYSIS
ANALYSIS BY LC-MS/MS
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http://www.thermofisher.com/us/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-systems/lc-ms-application-solutions/tmt-based-quantitation.html

How are tags mixed within a
treatment sample?

Mix
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CELL CULTURE OR TISSUE

COMBINE PEPTIDES

AUTOMATED DATA ANALYSIS
ANALYSIS BY LC-MS/MS
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http://www.thermofisher.com/us/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-systems/lc-ms-application-solutions/tmt-based-quantitation.html

Overview: Mass Spectrometry

i \/ http://hiq.linde-gas.com/en/analytical_methods/mass_spectroscopy.html
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CELL CULTURE OR TISSUE

COMBINE PEPTIDES

ANALYSIS BY LC-MS/MS



http://www.thermofisher.com/us/en/home/industrial/mass-spectrometry/liquid-chromatography-mass-spectrometry-lc-ms/lc-ms-systems/lc-ms-application-solutions/tmt-based-quantitation.html

What are the automated data
analysis programs?

Tools like Proteome Discoverer run mass-to-
charge ratios through algorithms to quantify
identified proteins.



https://www.researchgate.net/figure/Proteome-Discoverer-software-output-for-three-replicate-samples-with-alternating-TMT-tag_fig1_267229694

How does a Proteome
Discoverer output look like”
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What are two types of
guantitative proteomics”
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What makes a tagging reagent isobaric”?

Chemical tag groups with identical
masses
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Isobarlc tags for relative and absolute quantification

?id=10.
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Protein identification
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What's the iTRAQ workflow?
v R oo

L T hnannng

Enzymatic Mix

Diqestion’ + Y > M
or s o @
o s o l

Peptides ITRAQ Reagents 2D-LC-

Labeling MS/MS
Analysis

Proteins




What is the TIVIT workflow?

%5 Label].‘v';l‘-126ﬁ)§j

LC-MS/MS

Sample 2 ~\ 2
Sample 3 ‘i‘% Label TMT*-128
Sample 4 ’i% Label

sample 5 % Label TMT-130 o, < %

Sample 6 ‘i% Label TMT®-131 >,\%

Tandem mass tagging




Relative Quantitation

.

< Intensity
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»

e LU )

o~ Tags i Peptide Fragments Sequence Assignment
L TP p and

Protein Identification

plos. { igure?id=10.1371/journal.pone.0112482.g001




How can you use guantitative
proteomics in your project?




Protein
Localization

Protein

Quantification

Protein
Identification




What are the take-home points?

Proteomics is the study of all
proteins, the drivers of cellular
and molecular work.




Quantitative Proteomics is a
subset of proteomics which
enables both the identification
and quantification of proteins.



http://sneezetoronto.com/corptest/clinical-operations/high-throughput-screening/

iTRAQ/TMT Quantitative
Proteomics utilize isobaric
tagging reagents in to identify
and quantify protein in a cost-
effective manner.
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Article ~ OPEN  Published: 22 June 2017

Quantitative Proteomics Analysis Reveals
Novel Targets of miR-21 in Zebrafish
Embryos

Ying Wu, Qi-Yong Lou, Feng Ge & Qian Xiong

Scientific Reports T, Article number: 4022 (2017) ~ Download Citation &



Why study congenital heart disease?

( Narrowed Aorta

= Aorta
= Pulmonary Artery
B oxygen-rich Blood LA = Left Atrium

] RA = Right Atrium
Oxygen-poor Biood LV = Left Ventricle

RV = Right Ventricle

Congenital Heart Disease is the most common form of birth defect;
specifically, heart valve defects affect 1% of Americans



What is valvulogenesis?

A

Development of the heart

Blood flow
. . Endocardial
Cardiogenic
area K tubes
Primitive * 20 days ’

blood
vessels

21 days

Truncus
arteriosus

Bulbus
Fusion into cordis
primitive

heart tube

Primitive
atrium

A

22 days

Truncus
arteriosus

Bulbus
cordis

Ventricle

Atrium

Tail
18 days

Sinus
venosus

K 23 days

Aortic arch
arteries

Right _ - Truncus
atrium arteriosus

\\

Ventricle Left atrium

Atrium Ventricle

Sinus
venosus

24 days

35 days

Valvulogenesis is the process in which the valves of the heart are developed and

coincides with the looping of the heart

Primitive ventricle



What is a good model organism to study
valvulogenesis?

a8 hpf




What is an important regulator of
valvulogenesis?

Cell Migration and

Proliferation

atrioventricular valves

mature

early | delamination

During heart looping cells must proliferate and migrate into the
to remodel and constrict the atrioventricular valve
rinag



What is an important regulator of
valvulogenesis?

m

atrioventricular valves

early EMT | delamination mature

MicroRNA plays important roles in heart development. In
valvulogenesis, miRNA-21 is essential for proper valve
development



What are micro RNAs?

ﬁ ;"-?.:,i_;f:. = -
oo WAL E SN Typical gene

Direct
protein
assembly

Protein

e rpeyeRTTTTTCTONT

Messenger RNA

Binds to messenger RNA

Bt 1111

Protein assembly
Is blocked

MiRNA are non-coding RNA that bind to multiple transcripts to
modulate protein translation



How does miR-21 function?

Expressed In:

Cancer

Heart



What does miR-21 regulate?

Human cancer targets:
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What does miR-21 regulate?

Human cancer targets:

@
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N
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miR-21 inhibits tumor suppressors to promote cell proliferation




What does miR-21 regulate?

Zebrafish heart targets:

@
A

N

@

miR-21 has similar targets in both tumor invasion and zebrafish
valvulogenesis




What is the goal of the study?

©
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@\/ \/ﬂ
ldentify new global targets of miR-21 and their relationship to
Heart Development/Cancer

°<




How to identify miRNA targets?

MiRNA targets can be identified by high-throughput TMT Mass
Spectrometry



Fig. 2A: Experimental workflow
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Dre-mlR 21 KD

Embryos —— Embryos

Protelm /‘
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Drosha

> |

Morpholino injections inhibit miR-21 maturation



Fig. 1: Does a miR-21 KD affect valvulogenesis?




Fig. 1: Does a miR-21 KD affect valvulogenesis?
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Fig. 2A: Experimental workflow

A
NC Dre-miR-21 KD
C —=] (— — ]
Embryos Embryos

Proteim5 h V

O¢U

TMT labeling

v

LC-MS/MS analysis

v

Database search
and quantitation

v

miR-21 regulated proteins




Fig. S2: How were differentially expressed proteins
identified?

A B
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Fig. 2B,C: How many differentially expressed
proteins were identified?

B C
> Identified

proteins
4387 (FDR<1% ) nucleic acid binding

hydrolase
cytoskeletal protein

transcription factor

receptor
@
g enzyme modulator
S oxidoreductase
-
o
o transporter
&
- transferase
250- = ;
2 5 membrane traffic protein
= 202 o . o i
g 200 calcium-binding protein
= signaling molecule
2 150+
E:‘- structural protein
D
> 100+ chaperone
]
‘g’ 50 49 ligase
D
?‘5= -._ extracellular matrix protein
o1 J— —

0 10 20 30 40 50

oo Genes

251 differentially expressed proteins were identified by TMT-MS
and have diverse protein functions.



Fig. 2A: Experimental workflow
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Fig. 3: What is the GO for the 251 differentially
expressed proteins?

cell part
organelle Biological process
macromolecular complex Molecular function
membrane
s Cellular component
binding -

catalytic activity -

structural molecule activity -
transporter activity -
receptor activity -

cellular process -
metabolic process -
localization -
cellular component organization or biogenesis -|
multicellular organismal process -
developmental process -
response to stimulus -

biological regulation -

immune system process -
biological adhesion -

GO classification

v 1 4 L 2 T L2 1 1 - 1 3 L

0 20 40 60 80 100

Genes

miR-21 likely regulates multiple biological processes



Fig. S3: Do any of candidates interact?

prdx6 PTBP. —
Lot - [ srrm1 | (ncbp2
t>xn2 -
P srsf6a snrpd3
mtdha srrm1 ncbp2 - : : g 5
snrpd3 ; 3
ws1 LT .pcbp2 4
= pcbp2 T e py’ 5 >
rtf1 : rabpni— ) pabpn
o pabpn -~ _ sf3a2 %
= ¥ ~
ctdp1 ptbpib  ARP2ITH T~ _ G P 3
LOCS562077 mpp6b =
cep63 trmt112
clasp2 \
nup43 rqcd1 nme3
ench mapre1b bms1l gch2
eif4ae2rs1 eifdba |z;1 | srp68
rbm39a : TS e ssr4
zgc:65894 xpo1b usp3 | eif3s10 > ‘
rps9 rps28 | srp19
gpib = :
EIF3F rps16 | . i 1
pars2 ENSDARGO00000093125 y - srp54 nanog
tpilb ez
cops8 i mrpsS mcm6l
sap18  HSPA12A faua L g
dnaja2l = atpSo
> pgd farsa sdhb
ugerq
s ptpn13 cullb psmd7
(tmed2 = ENSDARG00000011208
faf1 cyb5b | pexs B
atp6vod1 atpif1 oaars>
sin3ab
smarcd3a EPN2
N gnbia
rb1 synj1
ppp3cca
g = Y2 of the DEPs form
S sh3glib | rho
ppp2ca ptenb waisy 2 a P P I n etWO rk '
L ]
arr3a
itga6b ENSDARGO00000074042
sagb cspg5a ncanbcol11a1b col9a2 wasf2 ELMO1 PREB sec24d wipf2a  waslb
tnnital
lama4
s snap29 vamp8 sdpra cyt1l dab2ipa spry2 (atp2a1 (pvalb4
tpm1
vim

nid1a



Fig. S3

: Do any of the candidates interact?
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Fig. 2A: Experimental workflow
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Fig. 4 Do transcript levels correlate with protein abundance?
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Sixteen targets predicted to be targeted by miR-21



Fig. 4 Do transcript levels correlate with protein abundance?
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Fig. 4 Do transcript levels correlate with protein abundance?
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Six targets show opposite expression patterns



Fig. 5: How valid is the proteomic data?

TMT Ratio WB Ratio
Protein Name iR- iR-
(miR-21 KD/NC) NG iR 21 KD (miR-21 KD/NC)
Gapdh 1.024+0.063 36 kD --‘ 1.090+0.100
Nanog 0.6331+0.034 66 kD a s | 0.490+0.260
Pcbp2 1.3324+0.069 42kD | = s | 1 2304 0.003
Tpm1 0.767+0.000 33kD ’ s | 0.400+0.070
Kat7 0.82610.069 33 kD | " e | 0.64210.070

Western Blot assays show similar results to TMT-

R A /AN



Firefly

What Is a luciferase assay?

3’ UTR cDNA
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enhancer/
hRIuc T7 promoter
Promoter
Nhel 684

Renilla Luciferase



What Is a luciferase assay?

HO S N _COOH
>_</
\C[N/ Sj + ATP + 0,
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Fig. 6: How valid is the miR-21 bioinformatic data?
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tpm1 is targeted and repressed by miR-21 but decreases in the K



Fig. 6: How valid is the miR-21 bioinformatic data?
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pcbp?2 is directly targeted and repressed by miR-21



What is tpm1?

actin __troponin
tropomyosin

Caz* binding site

Tropomysin regulates muscle contractions and is a known tumor
suppressor gene



Summary

E Quantitative Proteomics is a tool for
- measuring protein abundance and

g identified 251 differentially expressed
oroteins.

rotein Class
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AT - "; miR-21 regulates valvulogenesis
e SE: SN 2" through a network of different proteins
Nz A with diverse biological roles.
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Fig. 2B,C: How many differentially expressed
proteins were identified?
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251 differentially expressed proteins were identified by TMT-MS
and have diverse protein functions.
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and have diverse protein functions.



