METHODS IN
PROTEOMICS

Lecturer: Ming-Hsien Tsai, PHD.

Assistant researcher

Center for Lipid bioscience, KMUH
Lipid Science and Aging Research Center, KMU




DNA - RNA - Protein

Nucleus
DNA
double helix
DNA

RMNA

mRMNA

Translation

tRNA

Polypeptide

E}
-

|1 B

_ » —
transcript Y /

RNA
PROCESSING

E / Aminoacyl- . K
tRNA synthetase
X

h

CYTOPLASM

Growing

polypeptide /
@:minoacyl

(charged)

TRANSLATION

Anticodon

Ribosome




Translation




How does DNA act as A code?

* The order of bases on the DNA strand instructs the
ribosomes how to synthesize proteins

* Gene: portion of DNA that codes for the production
of a specific polypeptide

* Polypeptide: building block of a protein

Q0 Primary Protein Structure
is sequence of a chain of amino acids




Amino Acid codon




But in Fact...

 Genome ~ 20,000-25,000 protein encoding genes
 Human proteins = 1 million
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Zimmermann J and Brown LR. (2001)




Proteomics and the proteome

« Proteomics is the study of the proteome, the full protein complement
of organisms e.g. plasma, cells and tissue.

« Understanding the proteome allows to characterisation of proteins,
understanding protein interactions and identification of disease
biomarkers.

« Unlike related fields like genomics, proteomics allows for the study of
post-translational modifications and interactions.

Hemoglobin




Bad protein folding and Disease




Proteins gone rogue

Multiple kinds of misfolded plaques are implicated in different diseases, but they
share acommon feature

Alzheimer’'s Parkinson’s Creutzfeldt-]Jakob Transthyretin
disease disease disease Amyloidosis
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SOURCE: NEUROPHAGE PHARMACEUTICALS



.- — Abundant proteins
Avoiding contamination

Patients plas bidit
Reliable quantitation atients plasma (comorbidity)

Maximising number of Experimental design

confidently assigned
proteins

Challenges Throughput

Normalisation . , .
Large data files Protein degradation

Maintaining system

What to do with performance over a long
low confidence period of analyses
proteins

Data archiving and management



Post-Translational Modifications

* Phosphorylation * smaller chemical groups
* Glycosylation > Acylation
e Ubiquitinati » Alkylation
1qu m.a ton » Amidation
* Methylation > Hydroxylation

« SUMOylation »N-Acetylation
. » S-Nitrosylation

» S-glutathionylation
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Common PTMs by frequency

* [n 2011, statistics of
each post-translational
modification
experimentally and
putatively detected have
been compiled using
proteome-wide
information from the
Swiss-Prot database

Frequency
28383
6751

Modification
Fhosphorylation
Acetylation
N-linked glycosylation
Amidation
Hydroxylation
Methylation
O-linked glycosylation
Ubiquitylation
Fyrrolidone Carboxylic Acid

Sulfation



Protein Phosphorylation

Phosphorylation is the addition of a phosphoryl group (PO3)— to a molecule. In
biology, phosphorylation and its counterpart, dephosphorylation, are critical for
many cellular processes.
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Acetylation

Acetylation (or in [IUPAC nomenclature ethanoylation) describes a reaction that
introduces an acetyl functional group into a chemical compound. Deacetylation is
the removal of an acetyl group.
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N-linked glycosylation

N-linked glycosylation, is the attachment of the sugar molecule oligosaccharide

known as glycan to a nitrogen atom (amide nitrogen of asparagine (Asn) residue of

a protein), in a process called N-glycosylation, studied in biochemistry.
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Methylation

* In the chemical sciences, methylation denotes the addition of
a methyl group on a substrate, or the substitution of an atom
(or group) by a methyl group. Methylation 1s a form of
alkylation, with a methyl group, rather than a larger carbon
chain, replacing a hydrogen atom. These terms are
commonly used in chemistry, biochemistry, soil science, and
the biological sciences.

* DNA/RNA methylation

DNA methylation in vertebrates typically occurs at CpG sites (cytosine-phosphate-
guanine sites—that is, where a cytosine is directly followed by a guanine in the DNA
sequence).

* Protein methylation

Protein methylation typically takes place on arginine or lysine amino acid residues in the
protein sequence.



Workflow of Proteomics
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Sample Preparation (Cont.)
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Techniques

» 2D-Gel electrophoresis, Sample enrichment
(Beads, Affinity Matrix)

 BCA Assay

« Shot gun proteomics
(Tryptic digestion)
 Solid-phase extraction

—Gly

Maa—HH




2D-Gel electrophoresis

1. Separation
of proteins by
pl value

2. Soaking the
gel in SDS
solution and
fitting it on an

SDS PA gel

3. Separating
the proteins by

molecular mass
with SDS PAGE

Ly
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Decreasing
pl

Decreasing
pl

Decreasing
molecular mass

Approximately 1000 E. coli proteins on
a single 2D gel
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Basic principles of biomolecular MS
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Principle of Electrospray
Ionization (ESI)

Electrospray ionization (ESI) is a technique used in mass spectrometry to produce
ions using an electrospray in which a high voltage 1s applied to a liquid to create an

aerosol.
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Oxidation
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Principle of Matrix-assisted laser
desorption/ionization (MALDI)

MALDI is the abbreviation for "Matrix Assisted Laser Desorption/Ionization."
The sample for MALDI is uniformly mixed in a large quantity of matrix.
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Mass Analyzers (MS)

* Quadrapole

» High Sensitivity, acceptable mass accuracy and
resolution

» Easily coupled to chromatography
* Time of Flight

»High Sensitivity, high mass accuracy, high resolution
» Limited to small m/z ratios

»Not easily coupled to chromatography
» Easily coupled to MALDI

* Ion Trap
»High Sensitivity
» Low mass accuracy and resolution



Schematic of a Q-TOF mass
spectrometer

Capillary voltage
Voltage adjusted to maintain
stable ion current (1.4-1.8 kV)

¢ Cone voltage

V
B --/

I Nanoflow pressure
Pressure applied to
initiate spray, but best
with none
(0-0.3 nl min™")

Source pressure

Pressure adjusted for optimum
transmission of protein complexes

(3-9 ubar)

Nature Protocols 8, 639—651 (2013) doi:10.1038/nprot.2013.024

Collision gas
Activation and detergent
removal (1-4 MPa; Ar or SF;)

Desolvation of protein
complexes (50-200 V)
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lon guide
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detergent removal
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Reflectrg
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Schematic of a orbitrap mass
spectrometer
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Chromatography and

Mass Spectrum [ .-
B
g
=9
=
—
-
-
Triplicate evaluation 500ng on column
AMHYT70311_3pli_01
100+ 400 26 I
-I g .Ll 2 L | Il M | 2 l 2
405.88 0 r T T mwz
42676 250 500 750 1000
405.85}-405.88
42176
626.82
386.88
523.29
105 88 626.52
= 693.88
806.91 i
Es 421.76 £93.88
o 43630
442.93 806.91
r
437.23 0850
479.92 =l 663,32 736.06.750 7 607.36
486.75 B13.64 61587
™ e
607.35
483.72 531.31
63902
{
540.25
%
LAk 966.99
42585 \ i i
269.06 = (B \ dil 0 J\J‘ o) u;“ | | 1227.30
o .
0 ! n" T
""\""I""""I""""I""I""I""""I""I""I""I""I""""\""""\""I""I""I""T‘mQ7
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00




Equipment in CLB, KMUH
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Bioinformatics server in CLB, KMUH

Statistic software
Service

NGS analysis
service

Proteomics % % %
analysis service - _ _ _

Vieta-analysis
service

Glycosylation % % %
analysis service U
Sers

Image process
service

B WindowsServer

Cisco UCS C460 M2 High Performance
Rack Server Equip with 4 Intel Xeon
E4860 10 core processors

Synology RackStation NAS
RS18016xs+ 29




Protein Database
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The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein sequence and functional

information.
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Identity MSE Results from PLGS
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Acetylation in MSMS
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Intensity (cps)

Phosphorylation in MSMS
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Progenesis QI for proteomics
workflow
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Relative quantification by Progenesis

QI for proteomics
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Identify peptides fingerprint
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PTMs Search
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Review proteins
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mpmuenestsforiepmpides |@tonn EN) 18 00017 164 PESZhtatal | L1Zhtotsl  Guanine nucleotide-binding orotein subunit alpha-12 0S=Home sapiens GN=GNA12 PE=1 S\=4
Vi | @ Qov3ne 2{n B73 00017 146 PBSZhtotal | L1Zhtotal 285 ribasomal protein S23, mitochondrial OS=Homo sapiens GN=MRPS23 PE=L SV=2
You can also double-click to review a protein. @ posa7 6(2) 546 000172 124 PESZhtotal  L1Zhtotal 605 acidic ibosomal protein P2 OS=Homa sapiens GN=RPLPZ PE=1 S¥=1
4 Expiort data ¥ Rt pracessiig @ po7105 a6 189 000175 151 pES2htotal  L52htomal  L-lactate dehydrogenase B chain OS=Homo sapiens GN=LDHB PE=L SV=2
By exporting your data to extemal tools, there's (@) QS62R1 U 186 000176 135 PES2hiotal  L12hiotal  Beta-actin-like pratein 2 OS=Homa sapiens GN=ACTBL2 PE=1 5V=2
no limit to your snalysis.
@ 043707 16(5) 918 00018 129 PESZhtotal | LiZhtotal  Alpha-actinin-4 O5=Homo sagiens GN=ACTNS PE=1 SV=2
| Export o pattways tool | @ pPoss76 28(13) 148 00018 114 L12htotsl  PBS2htotal ATP synthase subunit beta, mitochondrial OS=Homo sapiens GN=ATPSE PE=1 5¥=3
| Expert protein measurements | 0 014950(+2) 414 000201 135 PES2htotal | LlZhtotal  Myosin regulatory ight chain 128 O5=Homo sapiens GN=MYLL2B PE=1 SV=2
[Prvrr—— - 07 s 000207 Uil i USebomo cpins - FR =157 I
Selectect protem F1lam|n B 05=Homo sapiens GN-FLNB PE=1 SV"Z
View peptide measurements
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Experiment design N b
Review your data from a different perspective:
| Section Complete =)
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Reports

Accession | Peptides | Score | Anova (p)* [ Fold | Tags | Description Average Normalised Abundances
POE&TO 39 (34) | 312,55 | B.47e-004 [ 1.13 Vimentin 05=Homo sapiens GH=VIM PE=1 5V=4 5.58e~004 | 5.562-004 | &, 302004
PO7355 32 (29) | 293.85 0.01 [ 1.16 Annendn A2 OS=Homo sapiens GN=ANXAZ PE=1 SV=1 T.d3e+004 | T 120004 | 6.422+004
POBZ3E 30 (15) | 241.90 0.03] 1.14 Heat shock protein HSP 90-beta 05=Homo sapiens GN=HSPIOABT PE=1 SV=4 5.96e+004 | 5.84e=004 | 6,6Te=004
P11021 33 (28) | 234.40 [ 2.57e-003 | 1.20 78 kDa glucose-regulated protein OS=Homo sapiens GN=HSPAS PE=1 SV=1 2.752+004 | 2,592=004 | 3,122+004
63261 22 (12) | 190.18 0.72( 1.03 Actin, cytoplasmic 2 OS=Homo sapiens GN=ACTG1 PE=1 SV=1 2.562~005 | 2.652-005 | 2.56e-005
ABAIED 33 (4) | 188.64 0.07 | 1.07 POTE ankyrin domain family member F O5=Homo sapiens GM=POTEF PE=1 SV=1 6370.96 6568.73( 683177
PO7I00 26 (10) | 179.56 | 2.94e-004 [ 1.25 Heat shock protein HSP 90-alpha OS=Homo sapiens GN=HSPS0AAT PE=1 5V=5 1.11e=004 | 1.08e=004 | 1.35e=004
BPO74 23 (4) | 177.81 | 3.71e-005| 1.32 Tubulin beta chain O%=Homo sapiens GN=TLBB PE=1 SW=1 1.02e+004 7704.69 | T805.81
QESEI3 30 (0) | 176.93 POTE ankyrin domain family member E 0S=Homo sapiens GM=POTEE PE=1 5V=3

Pog7sa 23 (22) | 170.67 0.02 ] 1.12 Annexin AS O5=Homo sapiens GN=ANXAS PE=1 SV=1 3.07e+004 | 2.962-004 ( Z,732+004
P11142 30 (23) | 150.82 | 9.76e-004 | 1.10 Heat shock cognate 71 kDa protein OS=Homo sapiens GN=HSPAS PE=1 SV=1 2.07e=004 | 1.992+004 | 2.182-004
PeB104 22 (21) | 14764 0.37( 1.04 Elongation factor 1-alpha 1 O5=Homo sapiens GN=EEF141 PE=1 SV=1 3.47e+004 | 3.602-004 | 3.582+004
PO4406 18 (18) | 146.70 [ 1.388-005 | 1.32 Glyceraldetyde. 3-phosphate detydrogenase 05=Homo sapiens GN=GAPDH PE=1 SV=3 4.598+004 | 3.482+004 | 3912004
P68371 18 (1) | 143.13 | 6.B80-003 | 1.24 Tubulin beta-48 chain OS=Homo sapiens GN=TUBE4E PE=1 Sv=1 1777.83 | 123463 2567.48
POCG38 25 (4) | 139.92 | 6.568-006 | 1.32 POTE ankyrin domain family member | 0S=Homo sapiens GN=POTEI PE=3 SV=1 1.30e+004 | 9BBE.7E | 1.062-004
PO40ET 18 (16) | 135.38 0.42 [ 1.06 Annexin A1 OS=Homo sapiens GN=ANXA1 PE=1 5V=2 1.63e~004 | I.492-004 | 2.51e-004
E30101 20 (16) [ 129.19 | 2.30e-003 | 1.10 Protein disulfide-isomerase A3 0S=Homo sapiens GN=PDHAZ PE=1 SV=4 2.03e+004 | 1.99e<004 | Z.192+004
Q3FRQE3 18 (4) | 125.00 | 5.95e-005 [ 1.14 Tubulin alpha-1C chain 0%=Homo sapiens GN=TUBA1C PE=1 V=1 4591.27 | 401431 4589.82
PoB363 17 (0) | 122.99 Tubulin alpha-18 chain 0S=Homo sapiens GN=TUBA1R PE=1 SV=1 s s
Q13885 15 (0) | 118.95 - Tubulin beta-24 chain 0%=Homo sapiens GN=TUBBZA PE=1 SV=1 === ==
27797 15 (15) [ 116.58 | 3.04e-004 | 1.22 Calreticulin O%=Homo sapiens GN=CALR PE=1 V=1 2.7e=004 | 2.582=004 | 3.162+004

http://163.15.167.51/QIP/20161229%20L1L5mito.htm
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Combine data with bioinformatics
analysis software (IPA
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Thank you for your
attention!!!



