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(O 2) Mass Spectrometry-based Proteomics

(2 &) Proteomics Data Analysis
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Curriculum Vitae

Speaker Name: Min-Sik Kim, Ph.D.

» Personal Info

Name Min-Sik Kim

Title Associate Professor

Affiliation Department of New Biology, DGIST

P Contact Information

Address DGIST, 333 TechnoJungang-daero, Dalseong-gun,
Daegu, 42988

Email mkim@dgist.ac.kr

Phone Number  053-785-1630

Research Interest
Mass Spectrometry, Proteomics, Systems Biology, Metabolomics, Multi-Omics

Educational Experience

2002 B.S. in Chemistry, Korea University, Korea
2004 M.S. in Physical Chemistry, Korea University, Korea
2013 Ph.D. in Biological Chemistry, Johns Hopkins University School of Medicine, USA

Professional Experience

2013-2016 Postdoctoral fellow, Institute of Genetic Medicine, Johns Hopkins University
School of Medicine

2016-2018 Assistant Professor, Department of Applied Chemistry, Kyung Hee University

2018-present Assistant, Associate Professor, Department of New Biology, DGIST

Selected Publications (5 maximum)

1. Park, G, Jang, E. W, .., Kim, M.-S*, Lee, Y.-S.* Dysregulation of the Wnt/B-catenin signaling
pathway via Rnf146 upregulation in a VPA-induced mouse model of autism spectrum
disorder. Experimental & Molecular Medicine.

2. Hyeon, D. Y., Nam, D..., Kim, M.-S., .. Hwang, D.*, Lee, S.-W.* (2022) Proteogenomic landscape
of human pancreatic ductal adenocarcinoma in an Asian population reveals tumor
cell-enriched and immune-rich subtypes. Nature Cancer. 4(2):290-307.

3. Jang, E. W,, Park, J. H,, .. Kim, M.-S.* (2022) Cntnap2-dependent molecular networks in autism
spectrum disorder revealed through an integrative multi-omics analysis. Molecular Psychiatry.
Accepted.

4. Park, J-H., Ryuy, S. J, .., Lee, J. H, Park, J. H, .., Kim, M.-S.*, Hwang, D.*, Lee, Y.-S.*, and
Park, S. C.* (2021) Disruption of nucleocytoplasmic trafficking as a cellular senescence driver.
Experimental & Molecular Medicine. 53, 1092-1108.

5. Huh, S, Hwang, D.*, Kim MS* (2020) Statistical modeling for enhancing discovery power of
citrullination from tandem mass spectrometry data. Analytical Chemistry. 92, 19, 12975-12986.
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Nobel Prize in Physics (1906)

"in recognition of the great merits of his theoretical and
experimental investigations on the conduction of electricity by
gases."

J 1 J. J Thomso
:: /—\ (1856~1940)
)] \J

wikipedia
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Nobel Prize in Chemistry (1922)

"for his discovery, by means of his mass spectrograph, of
isotopes, in a large number of non-radioactive elements, and for
his enunciation of the whole-number rule.”

Francis Aston

(1877~1945)
1 Radioactive Decay
W Mass Spectroscopy
W Light Particles
L} :M'mw
W Spallation
B |dentified
i 212 of the 287 naturally
b occurring isotopes
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Nobel Prize in Physics (1989)

"for the development of the ion trap technique.”

Hans G. Dehmelt
(1913~2017)

Wolfgang Paul
(1913~1993)

www.youtube.com

Penning ion trap Paul ion trap

o
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Quadrupole
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Koichi Tanaka
(1959 - )

Analyte

M:Sample

77

A A
Sample Plate .~

Nobel Prize in

“for their development of soft desorption ionisation
methods for mass spectrometric analyses of

& @ 3
N Hmo
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,ﬂy}»’m‘} ,@'
MALDI sy

.'l,- /// T //
Sample Plate ./

biological macromolecules”

John B. Fenn
(1917 - 2010) o
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HFAHEZO| §A -isotopic cluster (S HNLARESBAH)
665.3265
996.9847 po7 4899 664.9928
8 75
= 70
% 654
 « 997.9868 665.6603
n 55
< 50
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2 -
= 354
8
e 998.4882 665.9941
998.9899 666.3287
kll SRS N N — l S
m/z m/z
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EYFAHER O §4Y -isotopic cluster (SHHNLABEE 2 AH)
m/z = 996.9847

- sosoear | Charge (z) = +2
g " >(m) = 996.9847 x (+2) = Peptide + 2H*
§ . — -> precursor mass
5 ' = 996.9847 x (+2) — 2 x 1.0078
<. = 1991.9538
£
e - 998.4882

. l 998.9899

m/z
i




HTFAHEZO §4 - resolution(=8l &)

" Peaks resolved
£ at 10% valley
c H
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c! !
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m/z W : {
Peaks resolved % i
at 80% valley E_ 5
@ i 1 :
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ni A 4O
. EW 10% im.m
mez
Figure 2.1
Diagram showing the concepts of
peak resolution and valley.
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Monoisotopic mass = 2538.01 Average mass = 2539.48
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HAFRMAHEZO| §4 - mass measurement accuracy( R F S W E

True mass = 400.0000

Measured mass = 400.0020

Difference = 0.0020 or 2 mmu

Err = 0.002 -
ar T % 108 = 5 ppm
1004

£

E

@

T 504

o

§ 0.1Da

499.9 500.0 500.1

miz
Mass = 500
Peak width (at 50%) = 0.1
Resolution (FWHM) % — 5000

21
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Example peptide

monoisotopic peak
820.39816

2" jsotopic peak (+ 1 neutron)

3" jsotopic peak (+ 2 neutrons)

T
824 826 828.0 §30.0

.

23

Relative intensity

Gas phase dissociation

MS/MS spectrum
‘ | (Tandem mass spectrum)

T T
822 824 826 828.0 830.0

24
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Fragment ion assignments
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Nomenclature of peptide fragment ions
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PSM (Peptide-Spectrum Match)

Theoretical precursor mass Observed precursor mass
L ¥
Yo ¥Ys Ya Ya Y2 V1 z . b b ¥
i by b b
S|IEIM|[I|N|A|R = > ¢ ! a
g (R| A 1' N 1 M E H
Kl
by b, by by b; bg c’lf e . 4 A i
mfz
Theoretical fragment ion mass list Measured fragment ion mass list

217.0819
348.1224
461.2064
575.2494
646.2865

217.0823
348.1211
461.2072
575.2490
646.2875

SCORE

v

27

Bottom-Up Proteomics

MKWVTFISLLLLFSSAYSRGVFRRDTHKSEIAHRFKDLGEEHF
FSQYLQQCPFDEHVKLVNELTEFAKTCVADESHAGCEKSLHTLEG
VASLRETYGDMADCCEKQEPERNECFLSHKDDSPDLPKLKPDPNTL
KADEKKFWGKYLYETARRHPYFYAPELLYYANKYNGVFQECCQAEDKGA
LLPKIETMREKVLASSARQRLRCASIQKFGERALKAWSVARLSQKFPKAE
FVEVTKLVTDLTKVHKECCHGDLLECADDRADLAKYICDNQDTISSKLKE
CCDKPLLEKSHCIAEVEKDAIPENLPPLTADFAEDKDVCKNYQEAKDAFL
GSFLYEYSRRHPEYAVSVLLRLAKEYEATLEECCAKDDPHACYSTVEDKL
KHLVDEPQNLIKQNCDQFEKLGEYGFQNALIVRYTRKVPQVSTPTLVEVS
RSLGKVGTRCCTKPESERMPCTEDYLSLILNRLCVLHEKTPVSEKVTKCC
TESLVNRRPCFSALTPDETYVPKAFDEKLETFHADICTLPDTEKQIKKQT
ALVELLKHKPKATEEQLKTVMENFVAFVDKCCAADDKEACFAVEGPKLVV
STQTALA

ECCHGDLLECADDR
LVNELTEFAK DVCKNYQEAK

HPYFYAPELLYYANK

HPEYAVSVLLRLAK
LFTFHADICTLPDTEK

> Data analysis

28
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Top-Down Proteomics '
17+
18" 1049.8
100 - 991.5 ¢~ Lysozyme A

&= " MW, calculated 17 825.2 Da Aﬁ
= 80 - 16 MW, measured 17 828 Da b
> 1115.5

s i5*

o] 19+

5} J

= 60 939.2 1189.6

¢

z N ik 137 q2¢

1372.5
E 20 - 1486.6
800 1000 1200 1400 1600
miz
Figure 1.23
ESI spectrum of phage 4 lysozyme; m/z in Th and the number of
charges are indicated on each peak. The molecular mass is measured
as being 17 828 +£2.0 Da.
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General Proteomics Workflow ;
a o b

. ‘}-“ ‘e

B g i
@ n ] \!/ [} s A E b
@ = %— j = ‘ ! — 3 ;-” Chromatographic

Digestion into  Enrichment for PTM-bearing peptide separation Electrospray ionization Elution time (min)

Cells or tissue  Proteinmixture IDPAGE  peptides peptides (for PTM analysis)
A B C
TVGTWR KCGTWR SVGTAK
— EVGTWK GVMSWR ECGTPK —»
GCGTYR SVLTVR  AVGTWR

Intensity

6*%~@- M;,LL'LL'J |

Mass analyser  Collision cell Mass analyser ‘
ol | ‘ |

iz e, Bioinformatic data
MS and MS/MS spectra Database search List of proteins and PTMs analysis

d
€ MS I 1
DSGTWR QVGTNK  DEFYGR

d Mann, Nat Rev Mol Cell Biol, 2010

- 15 -



Choice of Quantitation in Proteomics

- Label - Model samples (ex, cell)

- Metabolic labeling

- Chemical labeling - Clinical samples (ex, blood)
- Label-free

- # spectral counting (ex. # PSM)

- LC profile

32
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Label-free (spectral counting or ion current area)

Sample A I 1 Spectral Counting
F = LUJM'MLLU&LE_ = ”lm
e TR N 1
- im

‘i = ‘_.l_g_u m:uUaM},_ = |‘|m
Ll

several depen LC- MS Analysis

33

Label-free (spectral counting or ion current area)

* Sample 1:10 ug peptides -> 1,000,000 MS/MS -> 400,000 PSMs
* Sample 2 : 10 ug peptides -> 1,100,000 MS/MS -> 380,000 PSMs

* Sample 3 : 10 ug peptides -> 950,000 MS/MS -> 390,000 PSMs

Sample 1 Sample 2

Sample 3

34
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Metabolic labeling

SEMINAR*

13c6 1H1 14N7 1608 32516

L.

v Ll
826.0 $28.0 830.0
miz

35

SILAC-based Quantitative proteomics

SEMINAR:SEMINAR* = 1:1
SEMINAR SEMINAR*

l L l L.

820 824 826.0 828.0 830.0
miz

36
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Metabolic labeling of the whole cellular proteome

100

Relative intensity

—— 60a ——|

Day 1
LVSDEMVVELIEK

760.4
760.9

Relative intensity

el

762 763 764 765

L

760 761 762 763 764 765

Relative intensity

miz

760 761 762 763
100
Day 3
762
In vivo SILAC labeling

unlabeled mouse

AN\

H

Intensi

<

Adiponectin ][ Serumalbumin |
g

Intensi

=

2

Intensity

>

g

Intensity

<3

[ Hemoglobin | [ ComplementC5 | [

week 1 ]
s 100
LVQEVTDFAK
.60,
i ;
o Mo
AVLFTYDQYQEK
6 Da
DN e -
i
m/z
100
YTATLLVTYK
6 Da
Gt %
11 ] |-
F T m/z
6 Da 100
FLASVSTVLTSK
‘ .
l I l Ly 0
miz

AT

SILAC ratio
>

@

SILAC ratio

3
3
o
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SILAC ratio
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EphB2*

EphB2* ephrin-B1*

G T
v

Juxtacrine
purification of pY peptides
L identification
PN Y N quantification
| 9 g
EphB2*| |ephrin-B17| EphB27| g | | . |
Arg/Lys 0/0 Arg/Lys 4/2 Arg/Lys 10/8 - Time miz
100 100 MT.
Y 10 minutes 5 5 805.41 80
i
ER 60
e
Ia l =Y Bee] 24 w3420
i - . o o0 20
Control Bidirectional signaling AN ]|| | ||m e |I = il
198 [T BOG a0 Wz 530 o) 638 542 848 Wiz
EPHB2 FLEDDTSDPTyTSALGGKIPIR RATIO (HIL) 1:1.8 AF6 RQEEGYYSR RATIO (HIL) 1:3
@100 o ® § 100 245
§ 80 § 80
3
= % - ‘§ * 088 44
: % 40 z N L Sosas
a0 s1.31 9 ] g 20
[, || | 2, I e . AT L1y,
1 #16 ) 820 22 w24 wz 96 9 9s0  9;2 994 93 Wiz
EFNB1 TTENNYCPHyEK SHC1 ELFDDPSyVNVQNLDK RATIO (HL) 1:3
39

Isotope-coded chemical labeling to clinical samples

‘OQ +  PEPTIDE

Intensity

_— ‘O - PEPTIDE

PEPTIDE

40
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TMT-based quantitative proteomics

A. TMTzero Reagent (TMTO) B. TMTduplex Reagents (TMT2)

7-=~HCD 0 0
10 0 0 0
N'\,:J\N/\)I\O,N N\AI\N/\)lxo,N
126Da H H 126 H
ETD 0 0
— ——— e )
Mass Mass  NH, Reactive o 4 0
Reporter ~ Normalizer Group
N\.)\ N/\)\OD
127 H '

100 101

‘Q - PEPTIDE ‘G - PEPTIDE

100 99

TMT-based quantitative proteomics

100 101

‘Q - PEPTIDE ‘Q - PEPTIDE

100 99

m/z

PEPTIDE

|E | | P [E [P

42
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Summary

L EES-E
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* Peptide sequencing 2| 7| = & |

* Peptide & 7|=

Ak

* Principle of Mass Spectrometry and Basics of Proteomics
» Applications to different research fields

Mass Spectrometry

INTO THE UNKNOWN
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