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20NMdATP #87-107 RT: 2.15-2.62 AV: 21 NL: 2.26E6
T: - c ESI Full ms [ 200.00-1000.00]
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(Hayano T, Yamauchi Y, et al., J Proteome Res. 2008, 7(9):4183-90;
Xu'Y, Piston DW, et al., PNAS, 1999, 96(1):151-156;
Zhou M, Veenstra TD. 2007, 7(16):2688-97.)
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(1)L #Ri5(Metabolic labeling)(3C, °’N )

Blagoev B, et al., Nat Biotechnol, 2003, 21: 315-316;
Krijgsveld J, et aI NatBlotechnoI 2003 21: 927-931.

(2) Commercially available ICAT reagent

CBICAT reagent: Oda Y, et al., Anal Chem, 2003, 75(9): 2159-65;
ICAT reagent: Gygi SP. Nat Biotechnol, 1999, 17: 994-999
ITRAQ reagent: Choe LH, et al., Electrophoresis, 2005, 26(12): 2437-49

(3) BB [ s F#Rd
(Post-digest isotope Labeling of peptides)(180)

X2l &2 b}t 11, et al., Rapid Commun Mass Spectrom, 2001, 15: 2456-2465)
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Total mass = 145
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Reporter Group mass I reactive group (NH3)
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Balance Group
Mass 31-28 (Neutral loss)

0SS PL,et al., Molecular Cell Proteomics,2004,3(12): 1154-1169)
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Figure 3. Qutline of the #0150 proteclytic labeling procedure used for multidimensional comparative membrane proteomics of |b-
induced Vero cells.

Enzymatic labeling: trypsin catalyzed O to O'8 exchange

mart 11, et al., Rapid Commun Mass Spectrom, 2001, 15: 2456-2465)
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Glycosylation: N-linked

fuctose (somatimes)

24 = L] 3
e ®
Tg Polypeptide chain core structure mannnia—/

% T O : I mannos @--.._-_
E" jas] N_H s — — —
l M-
(|3=CI (__lJH onsensus I two N-acetylglucosamines \@-""-
sequence
iZH, CH, : (nat Pro} mannc:;a.*’ﬁ

| |
fe T NH-CH-CO-NH-CH2-CONH-CH-CO- "t

Ser/Thr
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N X S/T Polypeptide chain
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Glycosylation: O-linked

0-linked core structures

o | 1. Galp-1,3GalNAco-Ser/Thr
BL-3 2. GlcNAcp-1,6(GalpL, 3-GalNAca-Ser,/ Thr
a 2 — Y — —
% - H Ser{rhr M A ﬁ 3. GleNAcp-1, 3GalNAco-Ser/Thr
s 4, GleNAcp-1,5(GlcNACE-1, 3le-Ser/ Thr
- X 5. GalNAcoe-1,3GalNAca-Ser/Thr
% O | 6. GlcNAcH-1,6GalNAce-Ser/Thr
g i X ¢ (Hinkage are attached to serine, threonine, tyrosine and, occasionally, to
| | hydroxyproline or hydroxylysine

| Cores are elongated by addition of galactose, fucose, sialic acid and
§M—NH—CH— O N galactosamine residues and can carry other modifications

(Hinked glycans tend to be moderate in size and of varied structure

(Hinked glycans have been implicated in regulation processes
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|[dentification and quantification of N-linked E
glycoproteins using hydrazide chemistry, stable isotope:
labeling and mass spectrometry :

Hui Zhang, Xiao-jun Li, Daniel B Martin & Ruedi Aebersold




Lectin affinity capture, isotope-coded tagging and mass
‘spectrometry to identify N-linked glycoproteins

Hiroyuki Kajil, Haruna Saito!, Yoshio Yamauchi?, Takashi Shinkawal, Masato Taoka!, Jun Hil’i’lbﬂ}'ﬂﬁhi},
: Ken-ichi Kasai?, Nobuhiro Takahashi®* & Toshiaki Isobe1*2=5|
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Detection of glycoproteins and total protein
on an SDS-polyacrylamide gel using the Pro: I
Q Fuchsia Glycoprotein Gel Stain Kit. |
— 29,000
— 18,000
— 14,000

Steinberg TH, Proteomics,
2001, 1, 841-855
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oligosaccharide_PHN_1 #63-131 RT: 1.52-2.98 AV: 14 SB: 32 16.89-18.50, 14.78-16.61 NL: 3.09E7
F: + ¢ ESI Full ms [ 100.00-2000.00]
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PhosphoBase v. 2.0 (http://phospho.elm.eu.org/) by EMBL

Enzymes: . ?00_ (|300‘

1.  Basophilic protein kinases HsN—(‘?—H (|) H.N—C—H
(e.g. protein kinase C (PKC)) CH,—0—P—0~ (le

2. Acidophilic protein kinases (|)— 2
(e.g. protein kinase CK2) Phosphoserine

3.  Proline-directed protein kinases

(e.g. protein kinase cdc?2) . (\300_ 0
4.  Protein tyrosine kinases HSN—?—H ﬁ) o—1|:> o
(e.g. epidermal growth factor H—C—0—P—0 - |__
receptor, EGFR) (‘JHS b 0
Phosphotyrosine

5. Protein serine/threonine kinases Phosphothreonine

(a)
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Phosphoprotein Stain. Proteins were
separated by 2-D gel electrophoresis
and stained with Pro-Q Diamond
phosphoprotein gel stain (blue)
followed by SYPRO Ruby protein gel
stain (red). After each dye staining, the
gel was imaged and the resulting
composite image was digitally
pseudocolored and overlaid.

Steinberg TH, et al., Global quantitative
phosphoprotein analysis using Multiplexed
Proteomics technology, Proteomics 2003, 3, 1128-
1144,
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IIFNmM-TG #2761-2819 RT: 62.32-63.40 AV: 15 NL: 1.48E9

F: + ¢ NSI Full ms [ 400.00-2000.00]
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IIFNmM-TG #2756 RT: 62.22 AV: 1 NL: 2.45E7
T: +cNSId Fullms2 1746.43@35.00 [ 470.00-2000.00]
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--A Proteomics Approach to Understanding Protein Ubiquitination

Cell lysate il Cell lysate
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(72 proteins)

Figure 2 lsolation and sequence analysis of yeast ubiquitin conjugates. Ubiquitin conjugates wera
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< (Nat Biotechnol, 2003, 21:921-926)
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Figure 1 Strategy for identifying the precise site of ubiquitination by M3/MS. (a) After trypsin
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Figure S2. MALDI-TOF MS/MS spectrum of peptide TPAGK EAELVPEK (m/z 1382.7)
derived from the tryptic digestion of S. shibatae Cren7. Methylation of residue K16, or K
at the 5th position from the N-terminus of the fragment, was identified. “b™ and “y” ions

“ labeled with an asterisk contained a methylated lvsine.
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Top-down mass spectrometry of supercharged native protein-ligand complexes
Sheng Yin?, Joseph A. LooD-*

2 Department of Chemistry and Biochemistry, University of Californio-Los Angeles, Los Angeles, CA 90095, United States
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ARTICLE INFO ABSTRACT
Article history: Tandem mass spectrometry (M5/MS) of intact, noncovalently bound protein-ligand complexes can yield
Received 28 April 2010 structural information on the site of ligand binding. Fourier transform ion cyclotron resonance (FT-ICR)

Received in revised form 23 June 2010

Accepted 24 June 2010 top-down M5 of the 29kDa carbonic anhydrase-zinc complex and adenylate kinase bound to adenosine

triphosphate (ATP) with collisionally activated disseciation (CAD) and/or electron capture dissociation

Available online 3 july 2010 (ECD) generates product ions that retain the ligand and their identities are consistent with the solution
This article is dedicated to John Fenn, who phase structure. Increasing gas phase protein charging from electrospray ionization (ESI) by the addition
pioneered the virtues of multiple charging of supercharging reagents, such as m-nitrobenzyl alcohol and sulfolane, to the protein analyte solu-
for protein M5 analysis. He inspired us “to tion improves the capability of M5/MS to generate holo-product ions. Top-down proteomics for protein
continue stumbling for a while along the sequencing can be enhanced by increasing analyte charging.

road ahead, kicking over stones here and @ 2010 Elsevier B.V. All rights reserved.

there, driven by curiosity to find out what
may be hidden under the next one [3G6]."
We should all strive to be as curious as John
Fenn, as one can’t always predict what
hidden jewels can be discovered by turning
over stones on the road of scientific

exploration.
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Phosphorylation, but Not Alternative Splicing or Proteolytic
Degradation, Is Conserved in Human and Mouse Cardiac Troponin T

Jiang Zhang,"* Han Zhang," Serife Ayaz-Guner,” Yi-Chen Chen," Xintong Dong," Qingge Xu,"®
and Ying Ge™'®

"Human Proteomics Program, School of Medicine and Public Health, *School of Pharmacy, and §Department of Cell and
Regenerative Biology, School of Medicine and Public Health, University of Wisconsin, Madison, Wisconsin 53706, United States

OSupp:lrﬁng Information

ABSTRACT: Cardiac troponin T (cTnT), the tropomyosin
binding subunit of the tmpomn complex, plays a pivotal
regulatory role in the Ca’"-mediated interaction between actin
thin filament and myosin thick filament. The post-translational
modifications (PTMs) and alternative splicing of ¢cTnT may
represent important regulatory mechanisms of cardiac contrac-
tility. However, a complete characterization of PTMs and
alternatively spliced isoforms in ¢TnT present in vivo is lacking,
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Top-down protein mass spectrometry (MS) analyzes whole proteins, thus providing a global view of all types of modifications,
including PTMs and sequence variants, simultaneously in one spectrum without a prieri knowledge. In this study, we applied an
integrated immunoaffinity chromatography and top-down MS approach to comprehensively characterize PTMs and alternatively
spliced isoforms of ¢TnT purified from healthy human and wild-type mouse heart tissue. High-resolution Fourier transform MS
revealed that human ¢TnT (hcTnT) and mouse ¢TnT (mcTnT) have similar phosphorylation patterns, whereas higher molecular
heterogeneity was observed for mcTnT than hcTnT. Further MS/MS fragmentation of monophosphorylated hcTnT and mcTnT
by electron capture dissociation and collisionally activated dissociation unambiguously identified Serl as the conserved in vivo
phosphorylation site. In contrast, we identified a single spliced isoform for hcTnT but three alternatively spliced isoforms for
mcTnT. Moreover, we observed distinct proteolytic degradation products forhcTnT and mcTnT. This studyalso demonstrates the
advantage of top-down MS/MS with complementary fragmentation techniques for the identification of modification sites in the

highly acidic N-terminal region of ¢cTnT.
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Zhang J, Zhang H, et al.Biochemistry. 2011, dx.doi.org/10.1021/bi2006256
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Top-Down MS methods:

Instumentation:

linear ion trap/Fourler Jranstanm.ion cyclotron resonance (FTICR) hybrid
mass spectrometer z(LTQ FT Ultra .~ rhermo Scientific Inc., Bremen,
Germany) equipped With® 2 ® atlfomated chip-based nano ESI source
(Triversa NanoMate) (Advion BioSciences, Ithaca, NY).

Parameter:
1)The spray voltage was 1.21.6 kV versus the inlet of the mass
spectrometer; 2)flow rate: 50-200 nL/min; LeessErEEEEEEEaaL,,

3)The resolymg_nower of the FTICR mass analyzé: 200,000 at m/z _40Q, o
4) &0r CAD and ECD “fragmentation, individual charge states of protein
molecular™ 16h8" Weré first isolated and then dissociated using15-25%
normalized collision energy (CAD) or 23% electron energy (ECD) with a

duration of 25-75 ms with no delay.

F

Zhang J, Zhang H, et al.Biochemistry. 2011, dx.doi.org/10.1021/bi2006256
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Figure 1. SDS—PAGE analysis of immunoaffinity-purified ¢<Tn com-
plexes from (A) human and (B) mouse heart tissue samples. L, protein
mass ladder; FT, sample flow through; W, wash; E, elution.

The minor degradation 28 charged
peaks of hcTnT[1-286]

Figure 2. High-resolution ESI/FTMS spectra of intact ¢TnT purified
from (A) human and (B) mouse heart samples. hcTnT isoform 6
(P45379-6) and mcTnT isoform E (P50752-3) were denoted as heTnT
and mcTnT, respectively. mcTnT-D and mcTnT-F stand for isoform D
(P50752-4) and isoform F (P50752-2) of mcTnT, respectively. The
subscript p stands for phosphorylation (80 Da), +K for the potassium
adduct (38 Da), +H3 PO, for the noncovalent adduct of phosphoric acid
(98 Da), and A for 210 Da. Insets show high-accuracy measurements of
un- and monophosphorylated hTnT (A) and mcTnT (B). Circles
represent the theoretical isotopic abundance distributions of the iso-
topomer peaks comresponding to the assigned mass. Calcd denotes the
calculated most abundant mass and exptl the experimental most
abundant mass.
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Figure. Representative CAD spectra of phcTnT for determination of

—~ phosphorylation site in ¢TnT purified from normal human heart samples. Neutral
\[—;’:.‘-;3;‘1 hosphate moiety is evident. -98 indicates the loss of H3PO4 (-98 Da). Note

hat the masses of b ions (e.g. b6) equal to those with the loss of HPO3 (-80 Da)
yom their phosphorylated counterparts (e.g. pb6).




EEAFA:

— WAV EA G R AR B &4

—. EREAR4AY;

=. FETBottom-upRi&HIPTMHF5T;

/4, FTTop-downiuit )& HAHEAEH RPTMARS ;




ANALYTE SPRAY LOCKMASS SPRAY . .
o T-wave ion guide
—ed uad ‘d l_l_
=11 / \
1
ks MON MOBILITY |
= R T-WAVE 10N DETELTION
] HL_'“"“”'“ | .-%"{ RAP e | | R MRROR  SYSTEM
R ——1H .{JL LJ LI,-.:"H “ L - -
J J HELIUM CELL l ! :
e ey
QiL-F
[ -
- -
DUAI.SI'EEE_RE-H.EEFRUH /
Ip* =cR/q (1)
where:

tn is the measured drift time,

X is the empirically estimated exponent,

q is the molecular charge,

1 is the collisional cross section, and

¢ is the constant that remains unchanged in a
single experiment.
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Protein Conformation
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DOI: 10,1002 /anie 201101077

Detection of a Protein Conformational Equilibrium by Electrospray
Ionisation-lon Mobility-Mass Spectrometry™*

Matthew Jenner, Jacqueline Ellis, Wei-Cheng Huang, Emma Lloyd Raven, Gordon C. K. Roberts,
and Neil J. Oldham*

Compact and extended forms of NADPH-cytochrome P450 reductase (CPR) showing the
FMN binding domain (blue), the FAD binding and linker domains (magenta), FMN (orange),
and FAD (yellow). NADPH is omitted for clarity. FAD ={flavin adenine dinucleotide,

FMN =f{lavin mononucleotide, NADPH =nicotinamide adenine dinucleotide phosphate.
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lon Mobility Separation Coupled with MS Detects Two
Structural States of Alzheimer's Disease AB1-40
Peptide Oligomers

Marcin Kioniecki', Agnieszka Jabtonowska', Jarostaw Poznanski’,
James Lan%ridge3, Chris Hughes?, lain Campuzano?,
Kevin Giles® and Michat Dadlez'-**

(@) (b)

Model of closed (a), globulomer (b), and open (c¢) forms of AB1-40
= peptide hexadecamer.
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Interrogating viral capsid assembly with ion
mobility-mass spectrometry

Charlotte Uetrecht'?, loana M. Barbu'?, Glen K. Shoemaker'?, Esther van Duijn'?
and Albert J. R. Heck?*
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Figure 3 | lon mobility data for selected HBV oligomers. a, Drift time trace structures are indicated. b, Overlay of experimental drift time traces

converted to 12 (solid lines) of the HBY 28-mer (structure ¥, 447 kDa) and
a globular protein complex, VAD B-mer (IV, 510 kDa), both appearing at
m/z =10,400. Their {2, as well as the peak width, are similar, even though
the WAD S-mer has a substantially higher mass (~14%). This illustrates that
globular proteins of the same mass are generally more compact than the
viral intermediates. Apparently, unfolding is limited in the present

{in bins) of HBV capsid protein (cp) at m/z =529, showing two different
species that are well separated: a hexamer (charge state 187) at ~50 bins
and a tetramer (127) at ~60 bins. The corresponding 12 values and
structures are indicated. b, Overlay of experimental drift time traces

gxperiments, because the VAQ trace only shows a small shoulder around
200 nm® when compared to the HBY 28-mer trace. Also shown are
hypothetical Gaussian traces (dashed lines) based on the £2of the HBY
28-mer modelled from the erystal structure (V) of the virus capsid and a
collapsed structure (1),
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Lipid analysis and llpldDITllCS by structurally selective ion

mobility-mass spectrometry”
Michal Kliman 2, Jody C. May 2, John A. McLean *

Fig. 5. (a) A plot of collision cross-section vs mass-to-charge measured from a large
sample of various biomolecular classes, including peptides (n= 610), carbohydrates
(n=192), oligonucleotides {n="96), and lipids {n=53). The average mobility-mass
correlation lines are contained in the inset, which represents logarithmic regression fits
to the data. (b) An empirical 2D IM-MS spectrum of ion mobility drift time vs. mass-to-
charge obtained on a DTIM-MS instrument for a complex sample containing a mixture
of different biomolecular classes. The lines are provided for visual ization purposes only,
Signals in the vicinity of the asterisk (*) represent limited post-IM fragmentation of the
high abundant peptide signals. Mote that in the 2D plots lipid signals appear
significantly removed from the other chemical signals.

Panels (a) and (b) are adapted from Springer, Anal. Bioanal. Chem. 384( 1) 2009, 235-
244, Characterizing ion mobility-mass spectrometry conformation space for the
analysis of complex biological samples, Fenn, L5.; Kliman, M.; Mahsut, A.; Zhao, 5.R.;
McLean, JA.; from Fig. 1 @ Springer-Verlag 2008 with kind permission from Springer
Science + Business Media BV,
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Frozen Section M3 Images

SN LD ToF
S Mass Spectrometer
+ o
-'.I wh
| - d

40000 OO0 2000 10Do0
Mass [miz)

" “*: Lasar

Methodology developed for the spatial
analysis of tissue by MALDI mass
spectrometry. Frozen sections are mounted
on a metal plate, coated with an UV-
absorbing matrix and placed in the mass
spectrometer. A pulsed UV laser desorbs
and ionizes analytes from the tissue and
their m/z values are determined using a
time-of-flight analyzer. From a raster over
the tissue and measurement of the peak
intensities over thousands of spots, mass
spectrometric images are generated at
specific molecular weight values.
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Scheme of the Live Single-cell Mass spectrometry. The cell is observed by a
video-microscope, at the moment of sampling, a nano-spray tip is inserted into
a target site of a live cell and the contents are sucked into the tip. After the
addition of an ionization solvent into the tip, the tip is set to the nano-spray
ionization source to feed the molecular contents into the mass spectrometer to
obtain MS spectrum.






	生物质谱及其方法学�(Bio-mass spectrometry and its methodology)
	幻灯片编号 2
	微生物所现有质谱仪：
	1. 微生物代谢产物小分结构鉴定
	幻灯片编号 5
	3.寡糖及糖肽鉴定
	4. 蛋白质鉴定(protein identification)
	幻灯片编号 8
	幻灯片编号 9
	幻灯片编号 10
	幻灯片编号 11
	Blaqoev B, et al., Nat Biotechnol, 2003, 21:   315-318; Krijgsveld J, et al., Nat Biotechnol, 2003, 21: 927-931.
	幻灯片编号 13
	幻灯片编号 14
	Isobaric tags for relative and absolute quantitation(iTRAQ)
	幻灯片编号 16
	(4) 靶蛋白、靶肽及PTM的定量：LC-MS/MS�      -筛选或确证疾病相关的标记分子
	幻灯片编号 18
	幻灯片编号 19
	常见的蛋白翻译后修饰�Post-translational modification, PTM
	幻灯片编号 21
	幻灯片编号 22
	幻灯片编号 23
	幻灯片编号 24
	Glycoprotein Gel Stain
	幻灯片编号 26
	幻灯片编号 27
	幻灯片编号 28
	幻灯片编号 29
	幻灯片编号 30
	Protein phosphorylation
	幻灯片编号 32
	幻灯片编号 33
	Enrichment strategies to analyze phosphoproteins/peptides
	幻灯片编号 35
	酶切条件：Trypsin+Gluc�液相条件： 色谱柱：Thermo C18 (100 mm×0.18 mm，5 m, 300Å)；流动相A:水(含0.1%甲酸)，B:乙腈 (含0.1%甲酸)；梯度：0-5min，2%B；5-90min，2%B-35%B；90-100min，35%-45%B；100-110min，45%-95%B；110-130min，95%B-2%B。流速: 0.1 ml/min，进样量10 L。�质谱条件：离子源(ESI)喷雾电压2.2kV；毛细管温度200℃；一级质谱扫描范围m/z400-2000；二级质谱(MS/MS)扫描时碰撞能量为35%。
	幻灯片编号 37
	幻灯片编号 38
	幻灯片编号 39
	幻灯片编号 40
	蛋白质甲基化修 (Methylation)
	幻灯片编号 42
	幻灯片编号 43
	幻灯片编号 44
	幻灯片编号 45
	幻灯片编号 46
	幻灯片编号 47
	幻灯片编号 48
	幻灯片编号 49
	Top-Down MS methods:
	幻灯片编号 51
	幻灯片编号 52
	幻灯片编号 53
	幻灯片编号 54
	幻灯片编号 55
	幻灯片编号 56
	幻灯片编号 57
	幻灯片编号 58
	幻灯片编号 59
	幻灯片编号 60
	幻灯片编号 61
	成像质谱(imaging mass spectrometry)
	幻灯片编号 63
	幻灯片编号 64

