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The composition of mass spectrometry
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Soft ion source for bio-molecules
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Matrix-assisted laser desorption
lonization (MALDI)
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Mass analyzers

Four basic mass analyzers
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Time of flight (TOF)
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An example for the
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Tandem

MS mode

Parent ion MW

lon

Mmass spectrometry

MS/MS mode

First MS: “select” the parent ion

Second MS: daughter ion detection
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Some commercial mass spectrometers
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General comparison

Table 1. Characteristics and performances of commonly used types of mass spectrometers. Check
marks indicate available, check marks in parentheses indicate optional. +, ++, and +++ indicate
possible or moderate, good or high, and excellent or very high, respectively. Seq., sequential.

IT-LIT Q-Q-ToF  ToF-ToF FT-ICR 0-0-0 QQ-LIT
Mass accuracy Low Good Good Excellent Medium Medium
Resolving power Low Good High Very high Low Low
Sensitivity (LOD) Goad High Medium High High
Dynamic range Low Medium  Medium Medium High High
ESI »w* »* »* - -
MALDI (1) (1) »w*
MS/MS capabilities s s s s s s
Additional capabilities Seq. M5S/MS Precursor, Neutral loss, MRM
Identification ++ o ++ +++ + +
Quantification - e e e e e
Throughput +++ o +++ o e e
Detection of modifications + + + + 5

Science 2006




Protein Identification

1. Peptide mass mapping
2. LC-MS/MS

Protein digestion (bottom-up approach)

Sequence information

Length: 147 AA [This is the length of the Maolecular weight 16135 Da [This is the MW of the
. unprocessed precursor] unprocessed precursor]
PrOteIn 10 20 30 40 50 a0

MESLLILVLC FLPLAALGEYW YGRCELAAAM EKRLGLDNYRG YSLGNWWCAA KFESNFNTHA

70 80 a0 100 110 120
THENTDESTD YEILQINSRW WCNDGRT PGS ENLCHNIPCSA LLSSDITASY NCAEERITASGES

130 140
NEMNAWVAWE NRECEGTDVHA WIRGCRL

ﬂ Trypsin digestion (enzyme specificity)
mass —lposition #MC modifications peptide sequence

23371247 92114 0O MLCHIPCSALLSSDITASYN CAK
P id 17538351 64-719 O NTDGETDYGILQINGR
eptl €s 15897641 116-130 0 |ASGGMNGMMAWY AVWER
143768505 5263 O FESMNFNTHATMRE
12686092 4051 O GYSLGMNWYTAAK
10545428 135-143 0 GTDVHAWIR
936.3781 8086 O WWWCHNDGR
8504417 3339 0 LGLDMNYR
8364004 2431 O CELAAAMK




Peptide mass fingerprint (PMF)

MALDI spectrum
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Characteristics for PMF

e Fast and convenient
e Purified compound is required (2DE + PMF)

« MW only. No sequence (fragments)
Information




MS/MS for peptide sequencing

Peptide: ABCDEFG
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MS/MS for peptide sequencing
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LC-MS/MS for protein identification

100 | NL:2.70E9

40% ACN

73 638 1103
E 226 Qa8 1204 1495
20 4 & 80 92 3 22 g5y 1387
Time (miz) I bamnd land land laand bad bad bad bd und had
ﬁ
2 apP F Y w E H D T A K
I T I T I | I T I T I. T I I I
200 400 800 BOO 1000 1200 1400
miz
LC separation W
High throughput protein ID el |

L

MVKWPDVOKEKCGMNERYROPFYWEHDTYKVALPPSTTSVK. ..
o) — - | [ — ]

Sequence and protein identified

Gument Opinion in Chemical Biology

Characteristics for MS/MS based protein ID

e Seqguence information
 Power to deal with complicated samples
* One peptide, one protein




LC-MSMS
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Basic concept for routine protein analysis

Protein separation

2

Enzymatic digestion

2

Peptide separation

2

Mass spectrometry

1

Database search

Database search

MASCOT MS/MS lons Search

Your name |Cindy Email [shengyu.huang@mass-solutior
Search title
Database
Taxonomy |All entries hd
Enzyme |Mone “ Allows up to | 1 % | missed cleavages
mndificalztliﬁﬁg E:EE:Q (rlj)_term — mudigg;{?:llg |:'-tEerrr|':|
Carbamidomethyl (<) Acetyl (Protein M-term)
Carbarmyl (K) Armidated (C-term)
Carbamy! (MN-term) W Amidated (Protein C-term)
Quantitation | Mone A
Peptide tol. £ (0.5 Da ¥| wc|0 ™ MS/MS tol. + [0.5 Da v
Peptide charge | 1+, 2+ and 3+ + Monoisotopic & Average O
Data file
Data format | Micromass ((PEL) % Precursor my'z
Instrument | ESI-QUAD-TOF hd Error tolerant []
Decoy [ | Report top | AUTO * | hits

|__start Search ... |




Mascot database search

MATRIX |
iivers VMascot Search Results

User

Email
Search title
MS data file
Datahase
Timest amp
Protein hits

: MS/MS Example
C:\Auto MSMS outputiSample 1.pkl
SwissProt 51.6 (257964 sequences; 93947433 residues)
19 Feb 2007 at 14:09:47 GMT

CH60 CAFEL Chaperonin homolog Hsp-60, mitochondrial precurscor

CHoD XAHAC 60 kDa chaperonin (Protein Cpno0O)

Probability Based Mowse Score

Tons score is - 10¥Log{P), where P is the probability that the observed match 15 a random event.

Individual 1ons scores = 38 indicate identity or extensive homology (p<0.05).
Protein scores are denved from ions scores as anon-probabiistic basis for ranking protein buts.

T T T
jalole] 1000
Probahility Based Mowse Score

CH60 HUMAH 60 kDla heat shock protein, mitochondrial precursor
CH60 DROME 60 kD=z heat shock protein, mitochondrial precurscor

[(Hspo0)
[(H=p&l)
[Heat shock prote
[groEL protein)

(60 kDa c
(60 kDa c

- Eanthomonas axor

CH&EO HUMAN
&0 kDa heat shock protein, mitochondrisal precursor (Hsped)

Mass: cl01le Score: 1225 Queries matched: 31

[Jcheck to include this hit in error tolerant search

JEEHEREEEEEEEEEEEEE EE EE

Juery

(60 kDa chaperonin)

[Heat shock

Ohserved Mr{expt) HMri{calc) Delta Miss Score Expect Rank Peptide
11 417.1822 832.3498 832.3828 -0.0329 1] 45 0.016 1 K.APGFGDHE.K
iz 422.,7433 843.4720 843.5066 -0.0346 1] 46 0.017 1 K. ¥GEVIVTK.D
13 430.7328 859.4510 859.4837 -0.0327 1] 36 0.15 1 K.IPAMTIAK.H + Oxidation (M)
15 451.2499 900.4853 900.5280 -0.0428 1] 52 0.0039 1 K.LSDGVAVLE.V
1a 456. 7806 911. 5467 911.5804 -0.0337 1] 59 0.00056 1 K. VGLOVVAVE.A
a1 480, 7447 959.4748 959.5036 -0.0288 1] 45 0.017 1 B.¥VTDALHATRE.A
24 595.7855 1189.55653 1189.6012 -0.0447 1] {57) 0.0011 1 K.EIGHIISDAME.EK
a5 603.7720 1205.5294 1205.5962 -0.0668 1] 60 0.00048 1 K.EIGHIISDAMK.K + Oxidation (M)
26 608.3099 1214.6052 1214.6507 -0.0455 1] 73 2.2e-D5 1 K.HAGVEGSLIVEK. I
a7 617.2857 1232.5569 1232.5885 -0.0316 1] 81 de-06 1 K. ¥GGTSDVEVHEK . K
31 672.8375 1343.6605 1343.7085 -0.0480 1] 64 0.00016 1 R.TVITIEQSWGSPK.V
34 714.5884 1427.7623 1427.8058 -0.0435 1] {65) 0.00014 1 B. GVMLAVDAVIAELK.K
35 714.8938 1427.7730 1427.8058 -0.0327 1] {73) 2.1e-0D5 1 B. GVMLAVDAVIAELE.K
36 722.8849 1443.7552 1443.8007 -0.0455 1] 75 1.2e-D5 1 R.GVMLAVDAVIAFELK.K + Oxidation (M)
37 722.8934 1443.7722 1443.8007 -0.0285 1] {73) 2.2e-05 1 B.GVHLAVDAVIAFLE.K + Oxidation (M)
39 752.8643 1503.7141 1503.7490 -0.0349 1] 90 4.3e-07 1 K.TLHDELEITEGHK.F
40 760.8461 1519.6777 1519.7439 -0.0662 1] {89) 4.7e-07 1 KE.TLHDELEITEGHME .F + Oxidation (M)
45 640,.3281 1917.9625 1918.0636 -0.1010 1] 102 2.1e-D8 1 K.ISSIQSIVPALEIAHAHE .K
46 960.0327 1918.0509 1918.0636 -0.0127 1] {87) 5.1e-D7 1 K.ISSIQSIVPALETAHAHR . K
45 1019.5106 2037.0067 2037.0153 -0.0087 1] 52 0.0015 1 R.IQEIIEQLD¥TTSEYEK.E
51 1057.0537 2112.0929 2112.1323 -0.0394 1] 116 6.8e-10 1 BR.AIMLQGYVDLLADAVAVTMGPK. G
52 1065.0399 2128.0653 2128.1272 -0.0619 1] {72y 1.7e-D5 1 B.AIMLOQGYVDLLADAVAVTMGPK. G + Oxidati
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Protein View

Match to: ALBU BOVIN Score: 5041
Serum albumin precursor (Allergen Bos d 6) {(BSA)
Found in search of C:\Docuwents and Sectings' MST\ @&t 7 &«wd]

— Bos taurusz {(Bovine)
'3y BSL.RAT

Mominal mass (M ): 71244; Calculated pl wvalue: 5.82

ALET ECOVIN Mass: 71244

1. NCBEI BELAST search of ALET BOVIN acainst nr
Serum albuwin precursor (4 Unformatted sequence string for pasting into other applications
Juery Observed HMriexpt
zaa4q 609.3470 6058.339] Taxonomwy: EBos taurus
3199  660.3850 659.377
3544 689.4460 688.43g] Fixed modifications: Carbamidomethyl (C)
3648 706 . 4700 705. 462 Cleavage by Trypsin: cuts C-term =side of KR unless next residue is P
3883 752.4310  751.423] DCOUENSE Coverage: T7%
3954  758.3630  757.355 . .
- Matched peptides shown in Bold Red
4168  789.6450  788.637
4436  409.3366  816.638 1 MEWUTFISLL LLFSSLYSRG VFRRDTHKSE IAHRFEDLGE EMFKGLVLIAL
25z1  409.9631 817.911 51 FSQYLOQCPF DEHVELVHEL TEFAKTCVAD ESHAGCEKSL HTLFEDELCK
ANAR- 4743144 A4R.ATA 101 VASLRETYGD MADCCEK(QEP ERMECFLSHE DDSPDLPKLE PDPHTLCDEF
151 EADEREFWGE YLYEIAREHF YFYAPELLYY ANEYHGVEQE CCQAEDEGAC
201 LLPEIETMREE EVLASSARQR LRCASIQEF: ERALKAWSVA RLS(QEFPELE
251 FVEVTELVTD LTEVHEECCH GDLLECADDE ADILAKYICDH QDTISSELEE
301 CCDEPLLEES HCIAEVEKDL IPENLPPLTL DFAEDEDVCE HYQEAEDAFL
351 GSFLYEYSRE HPEYAVSVLL RLAKEYEATIL. EECCAEDDPH ACYSTVFDEL
401 EHLVDEPQHL IEKQHCDQFEE LGEYGFQHAL TIVRYTFEVP() VSTPILVEVS
451 BRSLGEVGTRC CTEPESERMP CTEDYLSLIL HELCVLHEET PVSEEVTIECC
501 TESLVHRRPC FSALTPDETY VPEAFDEKLF TFHADICTLPF DTEEKQIEKQT
551 ATLVELLKHEFP EATEEQLETV MEHNFVAFVDE CCAADDEEAC FAVEGPELVV
601 STOTALA
Peptide View
MEME Fragmentation of GACLLPE
Found in ALBU_BOVIN, Serum albumun precursor (Allergen Bos d 63 (BSA) - Bos taurus (Bovme)
1. ALEU EBOVIN Mass: 71244
Serum albumin precurscor (4 Match to Query 3954: 757 355724 from(758.363000,14)
Query Observed Mr{expt| Lile: BSA 75047504 1 dta
z884¢ 609.3470  608.339| Data file C'\Documernts and Settings\WET\Bat!, 4@ SBSARAW
3199 660.3850 659.377
3544  689.4460 688,438 Click mouse within plot area to zoom in by factor of two about that point
3889 752. 751.423
.3630  757.355
4168  789.6450  788.637
4496  409.3366 816.658
4521  409.9631  817.911
5065 424.3146  846.614 Q
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Perspective for MS based Proteomics

Protein identification

Post translational modification

Function characterization

Expression/Quantitation

Data processing/ comparison

protein database integration

Bioinformatics J

Clinical use: drug screening, biomarker discovery etc.




