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Curriculum Vitae

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

» Personal Info

Department of New Biology, DGIST

Research Interest

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

Educational Experience

2002 B.Sc., Department of Chemistry, Korea University, Korea

2004 M.Sc., Department of Physical Chemistry, Korea University, Korea

2013 Ph.D., Department of 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, Full Professor, Department of New Biology, DGIST

Selected Publications (5 maximum)

1. Kang, M. H,, Lee, J, Kim, J, ..., Kim, M.-S.*, Lee, J.-C*, and Lim, P. O.* (2025) The chloroplast-
targeted long noncoding RNA CHLORELLA mediates chloroplast functional transition across
leaf ageing via anterograde signaling. Nature Plants.

2. Vu, H. M., Shiwakoti, S., ..., Kim, M.-S.*, Oak, M.-H.* (2024) Niclosamide attenuates calcification
in human heart valvular interstitial cells through inhibition of the AMPK/mTOR signaling
pathway. Biochemical Pharmacology.

3. Park, G, Jang, E. W, .., Kim, M.-S.*, Lee, Y.-S.* (2023) Dysregulation of the Wnt/B-catenin
signaling pathway via Rnfl146 upregulation in a VPA-induced mouse model of autism
spectrum disorder. Experimental & Molecular Medicine.

4. 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.
5. Park, J.-H., Ryu, 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.
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Analytical screening techniques

Mass Spectrometry
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Beads—-Based Arrays Antibody Arrays Purified Antigen Arrays
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Apatmer—Based Assay Proximity Extension Reverse Phase Protein
Assay (PEA) Array (RPPA)
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Reverse-phase protein array
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SOMAscan by SOMAleogic

L.
A dSpacer 1. Bind PC g 1. Equilibrium in solution: SOMAmers
Y (S) bind to cognate proteins (P)
- 4 3
w . SOMAmer saY SA )
2. Catch 1 S 2. Complexes immobilized on streptavi-
\/\/\)k B din ("Catch 17). Free proteins washed
away and bound proteins tagged with
hv biotin (B)
f o)
= 3. Cleave 3. Kinetic challenge, release from
streptavidin by photocleavage of
photocleavable biotin N ! UV-sensitive linker (PC)
cy3 fluor
4. Catch2 4. Complexes immobilized on strepta-
. ate é vidin ("Catch 27)
Somalogic homepage
" . 5. Elute é 5. Additional washing and release of
11,000 protein measurements SOMAmers
"
from a 55-pL sample
6. ti 6. Detecion of SOMAmers by standard
as of Jan 2025. Quantiy yordzaton-based DA guaniia:
tion
9
.
PEA by O-link
PS5 Rd1SP FBC  Hyb

C

96 samples

NovaSeq readout
> ~150,000 data points

uonedyung

O-link homepage
“5400 + proteins, 2-pL sample”
as of Jan 2025 0




Plasma proteomics

Affinity-based plasma proteomics

-,":'i“r“@ S A
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EXOSOMAL

PROTEINS & EVs
MIXTURE

Mixture of DNA-conjugated antibodies Antibodies bind to target proteins. DNA tags are read out via qPCR or NGS

introduced into the plasma sample to quantify whole proteins

Mass spectrometry-based plasma proteomics

p.Z'ii‘..s @
U v @@mm wils® g \\\ MM

EXOSOMAL ¢
PROTEINS & EVs. p\ r
N~
Nanoparticle enrichment captures free High throughput mass spectrometry Direct peptide sequencing enables high confidence
proteins and tissue-derived proteins for label-free DIA proteomics. PTMs

11

Pros and Cons of interaction-based proteomics

* Pros
* Sensitivity
* Throughput

* Cons

* Structural alteration: cleavage, modification, buffer/temp.
condition

* Specificity: cross-reactivity

* Expandability: new protein-coding genes, new PTMs, new

organisms

etry-based proteomics is a sequencing-based method.
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Mass Spectrometry
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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.J. Thomson

— /\ (1856~1940)
"/

wikipedia
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Nobel Prize in Chemistry (1922)

his enunciation of the whole-number rule."”

1890

1 Radioactive Decay
W Mass Spectroscopy
W Light Particles
Fission
W Fusion/Transfer
W spallation
W Projectile Fragmentation

] e

"for his discovery, by means of his mass spectrograph, of
isotopes, in a large number of non-radioactive elements, and for

Francis Aston
(1877~1945)

Identified
212 of the 287 naturally
occurring isotopes
16
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T4 B

« EtA carbon

(E)AXHE 12.011
12 - 98.89%
13C-1.11%

« Uc-Ho gls

AR (H )R XtEF = 12 X 0.9889 + 13 X 0.0111

=12.0111
19
19
BEE 2¥EH
Spectrum Mass table

mlz Relative mlz Relative
- 31 abundance (%) abundance (%)
# 12 0.33 28 6.3
g 29 [32 13 0.72 29 64
£ 50 14 24 30 3.8 B
[] |
< |
'g_ 15 15 13 31 100
5 18 16 0.21 32 66
= L o — 17 1.0 33 0.73

15 30 miz
18 .9 34 ~0.1
mass-to-charge
base peak
20
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100 5 Formula: C9H18
% o [M+HJ" = 127.1482 (-3.93 ppm)
80 —|
] 1-nonene
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Nobel Prize in Physics (1989)

"for the development of the ion trap technique.”

Hans G. Dehmelt Wolfgang Paul www.youtube.com
(1913~2017) (1913~1993)

Plenning ion trap Paul ion trap
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Nobel Prize in Chemistry (2002)

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

John B. Fenn

Koichi Tanaka (1917 - 2010) .

(1959 - )
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EYAWMERC §Y - isotopic cluster (EHEUALBEEZZHA
997.4855 665.3265
1 996.9847 664.9928
8 -
: 70
s -
5§ - _— 665.6603
n 55
< 50
o -
2 “
- 35
K]
e . 998.4882 665.9941
998.9899 666.3287
S | | E— A — | l )
m/z m/z
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997.4855
996.9847
-
8.
2 997.9868
3
3 -
< -
o -
2
-
S
3
& - 998.4882
998.9899

EY¥AHMERS §4Y - isotopic cluster (SR ELBEEZSHE

m/z = 996.9847
Charge (z) = +2

>(m) = 996.9847 x (+2) = Peptide + 2H*
-> precursor mass
=996.9847 x (+2) — 2 x 1.0078
=1991.9538

27

.

3 Peaks resolved
at 10% valley

Intensity

.
>
m/z

Peaks resolved

\’\ at 80% valley

my  my mlz

Figure 2.1
Diagram showing the concepts of
peak resolution and valley.

HYLAUER 54 - resolution(R8lE)

Relative shundance

28
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HYLAUER §4Y - resolution(R8lE)

Monoisotopic mass = 2538.01 Average mass = 2539.48

/

100 —
- Resolution = 250
S
[0}
o
C
©
©
C
=)
o)
©
2 Resolution = 2500
3
[0}
[ .
Resolution = 250 000
O | I | I |
2535 2538 2540 2542 2545
m/z
. MM -
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2z ¥H

m/ém
1913 13 Thomson
1918 100 Dempster
1919 130 Aston
1937 2000 Aston

1998 8 000 000 Marshall and co-workers
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100

100

[M+4H]*
- __918.5696
3 \ R=2000
?l N TQor lon trap
b - 918.3986 —
i 918.1479 | 918.6492 R=20000 TOF
3 ﬂ | | 918.8999
1 (L fleresos
3 _EG oLy b PUTRTTR
= 918.3986 :
3 918.6492 R=60000 Orbitrap
E ‘ 918.8999
] | [ |919.1505
i JI._J i i A
918.3986

| 918.1479 |918.6492 R=200000 FT/ICR
3 918.8999
} 1919.1505
| LI S e T T T U | vl + T T T T T T

9175 9180 9185 9180 9195 9200 9205 9210

31

E)@‘Eﬂ\ﬁﬂléﬂﬂ £J - mass measurement accuracy(E

True mass = 400.0000
Measured mass = 400.0020
Difference = 0.0020 or 2 mmu
Error =0002 L0
a0 10T Bpem
100
3
£
2
‘T 50+
K4
S 0.1Da
499.9 500.0 500.1
miz
Mass = 500
Peak width (at 50%) = 0.1
Resolution (FWHM) % ~ 5000

|
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Peptide Sequencing
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Example peptide il

monoisotopic peak N7

820.39816

274 jsotopic peak (+ 1 neutron)

3rd isotopic peak (+ 2 neutrons)

I .
T T
822

sssss
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Gas phase dissociation

MS/MS spectrum
| (Tandem mass spectrum)

830.0
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Fragment ion assignments

SRRER

Y6 Y5 ya_y3 y2 y1

b1 b2 b3 ba bs bs

y3

Relative intensity

y6

>

m/z

36




Neomenclature of peptide fragment ions
S
Xs Y3 23 :H
| R il
1 1 1
pgl g g %
L ]
H2N~?TC{rlil-i(I:~C—lil—‘C|:*C~lil~<l:~COOH
Hi 'HIH  HH  HH
oty s
a; by e
LW
'OEC_T_(I:_C_T_(I:_COOH
H H H H
X3
Ty
'H;N—(li—C—fil—(IJ—COOH
H H H v
Rs

=

(l:’—C—iil—(l:—COOH
H H H

Z
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PSM (Peptide-Spectrum Match)

Theoretical precursor mass

Yo Ys Ya Y3 Y2 1

by by by by bs bs

Theoretical fragment ion mass list

217.0819
348.1224
461.2064
575.2494
646.2865

SCORE

Observed precursor mass
¥

¥

by bs
by

R[® A v

Relative intensity

H

Measured fragment ion mass list

217.0823
348.1211
461.2072
575.2490
646.2875

38
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Bottom-Up Proteomics

MKWVTFISLLLLFSSAYSRGVFRRDTHKSEIAHRFKDLGEEHEF!
FSQYLOQCPFDEHVKLVNELTEFAKTCVADE SHAGCEKS LHTLE!
VASLRETYGDMADCCEKQEPERNECFLSHKDDS PDLPKLKPDPNT:!
KADEKKFWGKYLYEIARRHPYFYAPELLYYANKYNGVFQECCQAEDKGA
LLPKIETMREKVLASSARQRLRCASIQKFGERALKAWSVARLSQKFPKAE
FVEVTKLVTDLTKVHKECCHGDLLECADDRADLAKY ICDNQDTISSKLKE
CCDKPLLEKSHCIAEVEKDAIPENLPPLTADFAEDKDVCKNYQEAKDAFL

GSFLYEYSRRHPEYAVSVLLRLAKEYEATLEECCAKDDPHACYSTVEFDKL
KHLVDEPQNLIKQNCDQFEKLGEYGFQNALIVRYTRKVPQVSTPTLVEVS
RSLGKVGTRCCTKPESERMPCTEDYLSLILNRLCVLHEKTPVSEKVTKCC
TESLVNRRPCFSALTPDETYVPKAFDEKLFTFHADICTLPDTEKQIKKQT
ALVELLKHKPKATEEQLKTVMENFVAFVDKCCAADDKEACFAVEGPKLVV
STQTALA
ECCHGDLLECADDR
LVNELTEFAK DVCRNYQEAK
HPYFYAPELLYYANK
HPEYAVSVLLRLAK
LFTFHADICTLPDTEK
> Data analysis
39
Top-Down Proteomics
17+
18* 1049.8
100 9915 Lysozyme A
= . MW, calculated 17 825.2 Da
= 80 16 MW, measured 17 828 Da
> 11155
[}
c
L 60
=
2
L 1 13" q2*
1372.5
o 20 1 1486.6
800 1000 1200 1400 1600
mi/z

Figure 1.23

ESI spectrum of phage i lysozyme; m/z in Th and the number of
charges are indicated on each peak. The molecular mass is measured
as being 17828 £2.0 Da.

40
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General Proteomics Workflow

B >
B 2
- \ o s o g g
© 2 B "o v s R A e —
@—»t/h -9 — ‘ — ‘ Chromatographic UL
4 Digestioninto  Enrichment for PTM-bearing peptide separation Electrospray ionization Elution time (min)
Cells or tissue ~ Proteinmixture IDPAGE  peptides peptides (for PTM analysis)
d
< MS
j SIGNALINGNETWORK-
SREGULATE TVGTWRESSEN-
= < TIALLYAEGGTPKILLOFTHE- R B c
\ £ BIOOOFCELLSANDEVGTWK
-_, = =8 —— g]k@:grﬁzgmgw@ TVGTWR KCGTWR  SVGTAK
\/ = SIGNALINGISTRADITIONAL- | [—> EVGTWK' GVMSWR ECGTPK . —>
GCGTYR SVLTVR AVGTWR

DSGTWR QVGTNK  DEFYGR

Mass analyser  Collision cell Mass analyser ﬁ

m/z Bioinformatic data
MS and MS/MS spectra Database search List of proteins and PTMs analysis

and Mann, Nat Rev Mol Cell Biol, 2010

41

41

Quantitative Analysis
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Choice of Quantitation in Proteomics

- Label
- Metabolic labeling
- Chemical labeling

- Label-free
- # spectral counting (ex. # PSM)
- LC profile

- Model samples (ex, cell)

- Clinical samples (ex, blood)

43

Label-free (spectral counting or ion current area)

Spectral Counting

Sample A

|
| |
i E:)‘ l:{u‘u' chfu\.» &L.. ‘

“Peptide digest
without any labels

Sample B '

v Q L 'JW 'L} u\.. &L“

PO
several dozen LC- MS Analysis

lon current based

Ms/ms.

/s

44




Label-free (spectral counting or ion current area)

* Sample 1: 10 ug peptides -> 1,000,000 MS/MS -> 400,000 PSMs
e 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

45

Metabolic labeling

SEMINAR*

13(:6 1H1 14N7 1608 32516

T T
826.0 828.0 830.0
miz

46




SILAC-based Quantitative proteomics

SEMINAR:SEMINAR* = 1:1

SEMINAR SEMINAR*

1007
1Zc 5 13c 6

Ll L

T
824 826.0 828.0 830.0

47
47
Metabolic labeling of the whale cellular proteome
—— 6Da —
100 763.4 100
Day 1 Day 2
1 LvSDEMVVELIEK ]
g 763.9 Z
c < -
3 s
€ €
s 7604 e |
g 7808 764.4 kS ¢
[] ]
« 761.4 c
0 0
760 761 762 763 764 765 60 761 762 763 764 765
mlz miz
100 100 =
Day3 Day 6
s g 1
€ £
2 2 |
k] K
g & ¢
0
762 763 764 765 760 761 762 763 764 765
mz mz 48
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In vive SILAC labeling

sure .
A ]3C5 lysine
unlabeled mouse “" labeled mouse
e W
+Lys-6
C week 1 [ week 2 I week 3 [
100 - 100, 100, 100,
E LVQEVTDFAK
HE £
| 3] g
E|§ ..6Da | ge
HE I - B
o I I A Y O I v [ e— 1
Lo Lo |EE R B ) i 1 L
» oo, . 'x . mf‘lw ml‘lw - miz 13 1 2 3 ‘weeks.
S AVLFTYDQYQEK
o g 6Da ol
BIE| oo oo - 2
il N | O e W
4 | PO I 1 O v 11
miz mz miz 1 2 3 4 weeks
\It} Al 100, 100, ® 12,
§ o
§ £
-2 sl
g I 3
S ‘ J a
O uansany i | rm—ry
- ‘mll = s miz 1 2 3 Weeks
= Eadtdiids - 100, M 12
b
4 2
E
2 5
H { 3
i T 1 P
miz mwz 1 2 3 4 weeks
49
O EphB2* ephrin-B1* EphB2*
C Juxtacrine
purification of pY peptides
/\ identification
an
. - quantification
1 K
ephrin-B1 s
phrin- £
E iy |
Arg/Lys 0/0 Arg/Lys 4/2 Arg/Lys 10/8 Time miz
- 8 100 §1oo saaz7]
10 minutes 5 50 80541 g
8
799.41 2 4 -
2 1 634.26
Control Bidirectional signalin N i
ignaling g, L 1111 g [~ Al
wz 630 634 646 wz
EPHB2 FLEDDTSDPTYTSALGGKIPIR RATIO (H/L) 1:1.8 AF6 RQEEGYySR RATIO (H/L) 1:3
© 100 81931® 8100 992457
2 §
5 80 T %
H
i« 2
') 2w T smoas
i aen?® En ] H
S I st E [ L
816 818 820 822 824 wz 986 988 990 992 994 wz
EFNB1  TTENNYCPHYEK SHC1 ELFDDPSYVNVQNLDK RATIO (HIL) 1:3
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Isotope-coded chemical labeling to clinical samples

‘O<] +  PEPTIDE  —m ‘O-PEPTIDE + <]

Intensity PEPTIDE

o
m
©
-
o
m

TMT-based quantitative proteomics

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

£=-HCD g "
' 0 0 0 0
Izsn;j'g’:kﬁ/\)%jﬂQD ms((\'()‘l\,",'/\)kﬂ’?\'?0
ETD
L P P

Mass Mass  NH; Reactive 5 G 0
Reporter Normalizer Group
LSS W W
H 0

100 101

‘O - PEPTIDE ‘O - PEPTIDE

100 99
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TMT-based quantitative proteomics

100 101
‘ - PEPTIDE ‘O-PEPTIDE
100 99
m/z
PEPTIDE
|E | | ™ |E|P
m/z
53
Summary
. me=sol7|x 27
H A

- HTEZM OOIHo el g
+ Peptide sequencing 2| 7| = 2]
+ Ppeptide & 7|






