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The progress in genome sequencing projects of a large number of organisms and the advance in mass
spectrometry of protein analysis have been significant driving forces in the formation of the field proteomics.
The advance in protein mass spectrometry includes development of computer algorithms that use mass
spectrometric data to identify proteins in sequence databases. The computer algorithms for protein identifica-
tion by correlation with sequence databases rely on the availability of constraining parameters that distinguish
specific matches from all the other sequences in the database. They can be categorized into three strategies. One
of strategies is called “peptide mass fingerprinting,” which is based upon correlating measured masses of
peptides derived from digestion of proteins by a residue-specific protease with theoretically calculated peptide
masses derived from proteins registered in sequence database. Two strategies for protein identification using
tandem mass spectrometry (MS/MS) data are distinguished by demand for interpretation of product ion mass
spectra. Product ion mass fingerprinting using uninterpreted MS/MS data of peptides is conceptually similar
approach to peptide mass fingerprinting. SEQEUST® and MS/MS Ions Search in MASCOT® are the most widely
used algorithms for protein identification by searching sequence database using uninterpreted product ion mass
spectra. Another strategy using MS/MS data employs the search algorithm by using parameters, such as
“peptide sequence tag,” found by manual inspection of product ion mass spectra.
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Fig. 1. Three categories of algorithms for mass spec-
trometry-based protein identification by correla-
tion with sequence database.
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Table 1. Amino Acid Residue-specific Endoproteases That Are Commercially Available

Name of enzyme Specificity Source EC-number
Trypsin Lys-X, Arg-X Bovine or Porcine Pancreas EC 34214
Achromobacter Protease ,I Lys-X Achromobacter lyticus M497-1 strain EC 3.4.21.50
(Lysyl Endopeptidase®)
Endoproteinase Lys-C Lys-X Lysobacter enzymogens EC 3.4.21.50
Endoproteinase Asp-N X-Asp Pseudomonas fragi mutant EC 3.4.24.2
Staphylococcus aureus Protease Glu-X, Asp-X® Staphylococcus aureus V8 strain EC 3.4.21.19
(V8 Protease, Endoproteinase Glu-C)
Arginylendopeptidase Arg-X Murine Submaxillary Gland Unregistered
(Mouse submandibular protease)
Endoproteinase Arg-C Arg-X Clostridium histolyticum EC 3.4.22.8
Asparaginylendopeptidase Asn-X Jack Bean Unregistered
Proline Specific Endopeptidase Pro-X Flavobacterium meningosepticum EC 3.4.21.26

3 Specificity for Glu-X is achieved in ammonium bicarbonate buffer (pH 7.8) or ammonium acetate (pH 4.0).

MADYFPGNDS TASQDVAWRF AREGALRQEN 30 Table 3. Monoisotopic Mass Values of Genetically
Coded 20 Amino Acid Residues
VHEVEDHEFI ARFFEQPTFC SHCTDFIWGE &0 3-Letter Code 1-Letter Code Monoisotopic Mass
GRQEFQCQVC CFVVHERCHE FVTFSCPGAD 90 Ala A 71.04
£ = Cys C 103.01
Asp D 115.03
EGPOTDDRPRE EHEFEIHTYO SPTFCDHCOGS 120 Glu E 129.04
Phe F 147.07
LLYGLIHDGM ECDTCDMNVH EQCVIRVPSL 150 Gly G 57.02
His H 137.06
CEMOMTER 158 Ile I 113.08
- Lys K 128.09
Fig. 3. Amino acid sequence of N-terminal region (1- Leu L 113.08
158) of PKCa. Met M 131.04
Asn N 114.04
Pro P 97.05
Table 2. Amino Acid Sequences and Monoisotopic Gln Q 128.06
Mass Values of the Theoretical LEP Frag- Arg R 156.10
ments of PKCa (1-158) Ser S 87.03
3 ; Thr T 101.05
Fragment Monoisotopic Val v 99.07
(residue Amino acid sequence mass value ’
Nos,) (MH") Trp W 186.08
’ Tyr Y 163.06
1- 28 MADVFPGNDSTASQDVANRFARK 2497.19
24— 29 GALRQK 672.41
30~ 35 NVHEVK 725.39 0-00000000000000-000000000
36— 38 DHK 399.20
39- 45 FIARFFK 998.54 NOOO 180000 O0ooooooDoOo. PKRKCa (1-
46— 62 QPTFCSHCTDFIWGFGK 208791 158) 0 0O Lysl58 0000 4000000000000
63~ 76 QGFQCQVCCFVVHK 1796.80 00 (Fig.3), LEPOOOOODODOOO, 1400000
77- 91 RCHEFVTFSCPGADK 1810.80
92-101 GPDTDDPRSK 1087.50 0DO0Do0o0oo (Table 2).
102-103 HK 284.17 32 0OO0OOOOOOOO
1047105 FK 294.18 0O0O0 (00) 0000000000000000
106-131 IHTYGSPTFCDHCGSLLYGLIHQGMK 2992.39
132-141 CDTCDMNVHK 1279.49 (Table 3), OO ODOOODOOO, DOODOOODODOO
142-158 QCVINVPSLCGMDHTEK 1987.90 O, dodooooooooon.
@ All cysteine residues (C) are modified by carbamido- PKCa (1-158) 0 LEP O DO OO O (24-29), GALRQK
methyl group. dododdooooo,. ooooooooooooooo
O00O0OD0O0O000 (0000000 monoisotopic
(PKCa) (accession No. P17252) 0 0 000000 OOMO, mass) O, NOOOO, 0000 (G)0O 57.02, 0000

000 PKCeO 6720 0000000000000, O o000 (A)0O 71.04, OO0OO (L)O 118.08, OOOO
oooooooooooo, ooboooooo, ooo 0 [®R)0O 156.10, 00OO0O(QO 12806, OO0 (K)O
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Fig. 4. Theoretical peptide mass list of PKCa (1-158),
which is obtained by digestion with LEP, and
the corresponding theoretical peptide mass
fingerprint.
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Fig. 5. Principle of protein identification by peptide
mass fingerprinting.
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Fig. 6. A schematic illustration of the concept of protein identification by peptide mass fingerprinting.
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Fig. 7. Comparison of an acquired peptide mass fingerprint of unknown protein with theoretical peptide mass
fingerprints of unmatch (A) and the closest match (B).
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Fig. 8. Observed peptide mass fingerprints of bovine serum albumin [accession No.: P02769] (A), human serum albumin
[accession No.. P02768] (B), human aldehyde dehydrogenase [accession No.. P00352] (C), mammalian target of
rapamycin (mTOR) of human [accession No.: P42345] (D), human transketolase [accession No.. P29401] (E), and
heat shock cognate 71 kDa protein of human [accession No.: XP_377283] (F).
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Table 4. Search Engines for Protein Identification by PMF on the Internet (as of March 2004)
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(Protein identification
by peptide mass data)
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Fig. 10. Nomenclature of product ion (fragment ion, or

sequence ion) for the most common positive N-
and C-terminal ions observed in peptide frag-
mentation. (A) a- and x-types; (B) b- and y-
types; (C) c- and z-types.

good, oooopbOobOOoOoyooooooooo. o
gooooooooooooooooooooooooo
uod, ooogooooogoood, oogogogod
jjobobooooooooooooooooooa.
oogd, PKCe (1-158)0 LEPOOOOOOOO0O0O0OO
ooooo, 30—=300000000o0b0o0o0oo0on
NVHEVK OO0, O00O0C CIbOO0OO0OO 5000 b
typeOOOOO0OO0OOS000 ytypeOOOOOOO
00, 010000000000 (Fig. 11A). O0O0O0O
oboooooooooooooooooooooooon
o, oboobooooDOD0ODODbO, D0000o0dg NVHEVK
ooooooooooooooooogg (Fig 11B). O
ooooooooooooooooooooooooon
gooooooog (Fig. 110).

oo0O00b0 1000, Oboooooooooooooo
g, boooooog, oooooooooooood
gooooooog. oooog, oooooooooo
gooodod, dooooo-000000000aa0d
ooooooooooooooooooooooooon

(A)

m His m@m aH ¥5

w4

Bl H

w3
W2

¥

LF'ml:Iur.l:Iuﬂ Mass st |
115,058

14711

21412
246.18
351.18
ars.za
480,232
512.28
5ve.
§11.35

(€

b1yl b2 y2 b3y3 b4 ya

1
0 100 200 300 400 500 600 700

m/z

Fig. 11. Calculated product ion mass list and spectrum
of a hexapeptide NVHEVK obtained by diges-
tion of PKCa with LEP. (A) Five b-type
product ions and five y-type product ions
observed in theoretical fragmentation of the
peptide NVHEVK; (B) The calculated product
ion mass list of the peptide; (C) The calculated
product ion mass spectrum.
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Fig. 12. Principle of identification of peptide by product
ion mass fingerprinting.
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Sequences proteolytic Theoretical mass spectrum
in database Virtual fragments
enzymatic
MGVQVETISPGDGRTFPKRGQT . . MGVQVETISPGDGRTFPK
CVVEYTGMLEDGKFDSSRDRNK dlgeStlon RGQTCVVHYTGMLEDGK simulate
PFKFMLGKQEVIRGWEEGVAQM FDSSRDRNK
SVGQRAKLTISPDYAYGATGHP ﬁ PFK
GIIPPKHATLVFDVELLKLE FMLGK
QEVIRGWEEGVAQMSVGQRAK
LTISPDYAYGATGHPGIIPPK
HATLVFDVELLK
LE

(B)
Product lon Mass Fingerprinting
. Observed Measured product
Unknown Proteolytic product ion mass spectrum
protein fragments ions
Enzymatic
digestion \
) ID MSI
9 $ |11
m/z
Comparison
Theoretical Theoretical _
Sequences proteolytic product Theoretical product
in database Virtual fragments ions ion mass spectrum
MGVQVETISPGDGRTFPKRGQT enzymatic MGVQVETISPGDGRTFPK FMLG

CVVHYTGMLEDGKFDSSRDRNK dlgeStlon RGQTCVVHYTGMLEDGK

: FML @
PFKFMLGKQEVIRGWEEGVAQM FDSSRDRNK Simulate M Simulate ‘ ‘ ‘

SVGQRAKLTISPDYAYGATGHP # PFK / # F

GIIPPKHATLVFDVELLKLE FMLGK MLGK
QEVIRGWEEGVAQMSVGQRAK LGK
LTISPDYAYGATGHPGIIPPK fers
HATLVFDVELLK K

LE

Fig. 13. Comparison between peptide mass fingerprinting and product ion mass fingerprinting in principle of protein
identification. Schematic illustrations of protein identification by peptide mass fingerprinting (A) and product
ion mass fingerprinting (B).
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printing” 0000000000, PMFO, [00O0O0O
O (Peptide Mass)] 0 OO0 00O OO Fingerprinting (O
0O00) 0000000, 0o0ooooo-00ooooo
00, /0000000000 (Product Ion Mass) | OO
000000 Fingerprinting O OO. OO0, Product
Ion Mass Fingerprinting 00, 000000 (DOO0O
o000) oooUoooo0oUOO, DoOo-0-0000
go0oDoO00bOoO0oO00oO0oO. OooooDb 20000
gooDoooboooooo, 100000oooooon
00 PMFOOOOO Product Ion Mass Fingerprinting
gobooooboooo.
5.4 Product Ion Mass Fingerprinting 000000
000 (ooooo)
Product Ion Mass Fingerprinting 000000000
goooodooboog, PMFODOOO, ODODDOOODOO
Ooooo. SEQUEST®P DoOoOoooog, 0oooo
00DoO00b0O0O0O0A~A000000000D000DOO
00, oooboooo-0o0ooooooooog, O
J000000ob0oboOoooooon. Product Ion Mass
Fingerprinting OO0 0000000000 O0O0OOODO
000000000 Table5d000. PMF O (Table 4)
000, 00000000000 in-housed O —0 —0O
gobDoO00boOOoOo0ooOoOOoooo0oooooo. bo
000, SEQUEST® (TurboSEQUEST™) 0O OO —
ooooooooooooog, 0D—00ooooooon
gopoooooo.
55 DO00DO0DODOODODOODODODOOOOO
O-—0
PMFOODOOOODOODODOODOODOOO, ODOODOO
O000-—-000000o00d, Product Ion Mass Finger-
printing0 000000000, OOODOOOOOOOO
00000, 000—-000000000000 (Pep-
Frag MS-Tag Simple 00 0000)., 00000, O
00-—-0-000oo0ooood, Doooooooooo
go0DoO00b0O0o00DO0O00ooOoO0oooobooooDo
0000000, SEQUEST® (TurboSEQUEST™) O

Observed mass value (MH*)
of singly protonated peptide
calculated from observed m/z \
of precursor ion

Charge number
of precursor ion
1264.61 2

(218.15 19990
247.08 25627
358.11 15547
376.12 34346

Observed values (m/z) < > Intensity values of
of product ions . . product ions
861.37 43072

889.50 212816 |\

930.39 6873 Each line contains a pair of
\_948.40 19554 / space-separated values.

Fig. 14. An example of DTA file format.

Intensity value of

Observed value (m/z) precursor ion

of precursor ion * of precursor ion
The 1st line contains a triplet /
of space-separated values. ( g?g?; ?ggggz\ 2
247.08 25627
358.11 15547
376.12 34346

N\
: . product ions
861.37 43072

889.50 212816 |\

930.39 6873 Each line contains a pair of
\_948.40 19554 ) space-separated values.

Observed values (m/z} <
of product ions

Fig. 15. An example of PKL file format.

MASCOT® (MS/MS Ions Search) 0000000000
Jdoodooooboo0bobOoobOodbooOono DTA
file format 0 10 O Fig. 14 00 O. Micromass®
(WatersO) 0 0 00O O OO OO MassLing™
(ProteinLinx™) 000000000 PKL file format O
DTA file format OO OO0OO, 10000000000
0—-0-—-0d0000000dooooooogo (Fig. 15).
DTA fileformat 0000, OO0 —-0-—-0000000O
OMH"OOOO0OOOO, D000-000000000
000DOO0Dooood. PKLfileformatdOd O, 100
dodddooooooooooooooo —o—-000
Om/z000000000, OO0—-0000DO0O0OO
0-0-o0oobooooo-0, oobobooooboo-o0oa

Table 5. Search Engines for Protein Identification by Product Ion Mass Fingerprinting on the Internet (as of March 2004)

Search engine

Resource

Uniform Resource Locators (URL)

MS/MS Ions Search

Matrix Science

(MASCOT®)

MS-Tag UCSF
(ProteinProspector)

MS-Tag Simple UCSF
(ProteinProspector)

PepFrag Rockefeller University
(PROWL)

Sonor ms/ms™ ProteoMetrics
(Knexus™) (Genomic Solutions)

Cocoozo National Institute of

Advanced Industorial

Science and Technology

http://www.matrixscience.com/cgi/search-form.pl?”FORMVER =2&
SEARCH=MIS

http://prospector.ucsf.edu/ucsfhtml4.0/mstag.htm

http://prospector.ucsf.edu/ucsfhtml4.0/mstagfd.htm

http://prowl.rockefeller.edu/prowl/pepfragch.html

http://65.219.84.5/service/prowl/sonar.html

http://www.cbrc.jp/cocoozo/input.do
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BEGIN IONS
Charge state of = ~
\A e o C3%-2 mat

PEPMASS=632.81
Observed value {m/z)
™ |7 21515 15500

247.08 25627

358.11 15547

376.12 34346
S N [
of product ions . . product ions

861.37 43072

889.50 212816 |\

930.39 6873 Each line contains a pair of
\_948.40 19554 / space separated values.

END IONS

Fig. 16. An example of MGF format.

0000-0-000000000000. MASCOT®
(MS/MS Ions Search) 0 00O OO Mascot generic file
(MGF) format (0000 mgh) DO00O000O0O00OOO
20000000000, DODOOoOo—-0-0D0Oo0on
0000000o0ooooooooo—-000o0ooog

0000 “BIGIN IONS” O “END IONS” 000000
gooooo, TITLEODOOODOO, oobood —0o—
0000m/z000000000000 “PEPMASS="
0 “CHARGE="000000000000000000
OgOoooOoOooog (Fig. 16).

0000, 000000 —-0—-0000goo 2000
gooooobooo. oobo-0-0000b0oooo,
O00-0-0000m/zO000O, MH"OOOOOOO
Ooooooooooo (PKL file format O MGF
format J00), 00000000000 OOOOOOO
goooodooo. MALDIOODOOOOOOOoOO,
ESIDODOD0O000000OO00O0OoOOn, oood
0, 10000d0oooooooooooooooog
goooooboododooooooooooooooo
0ooo. 0oo—-0—-0000 20000000049,
oooooopooooooooooo 20010000
goooooboododooooo., toooooooo
00o0oo0oooooooo0m/z00000, O0O0OO
oooooooooooooooooooooooog
0o, oodoo, bo—-oob-ooboooooo, 100
000000000 m/z0, 200000000000
m/z0 2000000000000000000000
gooooooooo, boooooooooooooo
gooDoooboooboog.

goodooooooOoOoOoOooOooOooOooooDOoo

gooooooooo, o—-—ooooooooooooo
000, 00DooDooooo0O, 0000ooooo 10d
oodooood, doooooooooooooooog
gooboo0obOOo0oboOoobDoOoooDi1o0bOoooao
000000000o0ooooooooooooooog
goooodoboog. 0o, 0ooooooooooo
gooooooooodo, toooooooo -0 —od
0o0o0ooooooooog, Le/MS/MSOOooood
oo —-goooooooog, ooog—-0-—0d

ooooooooo, oooooooooooo.

5.6 Product Ion Mass Fingerprinting 00 00O

Product Ion Mass Fingerprinting 000, OO00OOO
0000oo00oooooooooooooo4~0000n
oo00oo0oo0boO0oO0, OoooobOoooooooon
000-00-0000000, 0ODDOoooooooo
000 (D00000) Do0oooo. ooooo, 00
000, O00boO0o0o0ooOoO0ooooOoooooooon
g00oo0oobooOooboog, bboooooooo
oooooooooooooooooo. pMFOOOO
oo0, 0o0goono, 2~300000000000000
go0ooooobooooooogooooooooog, O
oo0ooooooooooooooooooooo.

goboooboooobo-—-0oooooo, booo
0000D000bOoO000oo0ooooooooooon
0o0oooooDoooooooooooooooool
goo0ooOooobo. oboo, 0bobboooooooo
goooooooboog, booooooooo, ooo
00, 0000oDoooooooooooooooooon
o00o00O00boO0o0oooOoOoooobooooooo. o
0000, 000O0O000oO0o0ooooooooooon
ooooooooo, ooboooooooooooog
0. 00000 10000000000000DO000DO
0000000000 bO00O0O0oo0oooDoooooon
0, Product Ion Mass Fingerprinting OO, O0O0O000O
goo0oo0ooboO0oooooOooooboooooo, 0o
00o00DoO0oo0O0oDO, 0boooobooogo auto-
confirmatory 00 0 000,

00000000, Product Ion Mass Fingerprinting
ooooLe/MS/MSOOODOODOOODOOOOOO
ooooood.

6. Peptide Sequence Tag (PST) O

6.1 Peptide Sequence Tag
MS/MSOOOODOODODOOO-—-000O000, OO0
O-00-0000000o00o0o00UooUoUooooo
dodooooo -0, ooooooooooooooo
g000O0O00DbO000OoOOoO00ooboooon. ooo
0000000000 Db0DODO Peptide Sequence Tag
(PST)OOODO.
oooooDMS/MSOODOODOOOOODOOOOOO
0000000000 denovo Sequencing 000000
dododdoooooooo, ooooooooooooo
oo0ooo0o0o0o0o0oO0o0oO00oO0o0O0o0oOoUoOoOoOoOoOoo
00 (0—000000O0) booOoooooOoooo.
dodooooooooooooog, oooooooo
0000000000, DO00DoDoDOoUoOoUoOoooooog
doooo0o-—-0O-—-0O0OOoOoOooOoOoOooOoooOooo.
dododdoooooooooooooooooooon
00000000, DooooDoD0oOoOoDOo0oOoOoOoOoOoO
00, 0000000000, bOooooooooog
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goooooboododoooooooooooooog
gooboobooooboobobooboooboooo —ag
gooooo., oo, goobooboobobooooo
goooooo, dodooooooooooooooo
goooboobooooboobobooo—-0obooo. oo
goooboooboooobooobooo, obooooo
OgooooOobood, BLASTO FASTAODOOOOO
ogooobooobooo, boo—-o0o—-oooboooooo
goobooobooooboobooo, boobooooo
goooooboododooooooooooooooo
gooobooboooobodoboboobooobooog, g
O000oO0oooooooosy.

odoooo, FASTAO BLASTOOODOOOOO
gooooo, ooobooboboooog, boooog
gooooobooooboooo. oboobo, oooo
Ogoo0o0000000oooo 2g,30000000000
ogoooooboo, oboobboobooboooooo
gooooobooo, booboboobooboooooo
OdOd. MannO Wilm O, 2, 300000000000
o0o00ooooo0ooo, [Doooooooooog ]y,
[D00000000000000O0O0O0O0O0O00000
00, 000 looo-0-00000o0Jo3000d
ogoooo—-0o0o0-—-o0booboboobooobo, oooo
gooobooobooooboo, boobooboooooo
0000000000oo00®, ooo 2,30000000
goobooobooooboobobooboooboooooo
goooooobooooobobboooo3soooooon
000000oooog (0O) O “Peptide Sequence Tag”
oooos,

Fig. 17 0 PKCa OO ODOOOODOODOOOODODO
0000000000 NVHEVKO MS/MSOOOGOO,
bOODODODO-0O000D0O0O0DOOOODOOOOOOOAd
goooooboooobooboboooo. booo —ag
gooooo—-—ooodoooooooooog, Doood
gooboobooooboobobooboooboooooo
gooooobooo., booooo, booobooo, g
gooooboododooooooooooooooo
goooobooooooo, Fig 17000000000
gooboobooooboooboobooboooooo
goooooboododoooooo., o—-—oooooo
goo—-—o0booooboobobooboooboooooo
Jdo0d0dbO00o0ooooooOoooog. Figo 18 0O
goooooboooobooooobooog, Fig 17 00O
goobooboooobooboboobooobo. oooa
b2,b3, b4 00 —00000000O0O0OO0ODOOO, bl
Ops00dooooooooogo., boooooooo
00000000000 D00000 m/z480220000
O0m/2351.1800000000000 129.040000
Oo0oDo0oO0o0O, 000 m/z351.1800 000 m/z
2141200000000000 1837.060000000O003
goobooboooobooobooboooboooooo

Precursor lon

725.39
Asn | Val | His | Glu | Val | Lys
114.04’l 99.07’l 137.06 ’l 129.04 'l 99.07’l 128.09”

b1 b2 b3 b4 b5
115.05 214.12 351.18 480.22 5§79.29

He -H,0
h 4 / ¥ v
1.01 707.38

0 100 200 300 400 500 600 700
m/z
Fig. 17. de movo sequencing of a trypic peptide from
human PKCa. All ions observed in the product
ion mass spectrum are a complete set of b-type
sequence ions enough to determine the com-
plete amino acid sequence.

Precursor lon

725.39
? His Glu ?
<>
214.12 137.06 129.04 245.17

214.12 351.18 480.22

v
T

T T T T T T T T T T T T T 1
0 100 200 300 400 500 600 700
m/z

Fig. 18. An example of product ion mass spectrum in
which observed product ions are not enough to
determine the complete amino acid sequence.

O0. 0obobooobo, 00000000 mz?214.12,
351.18,481.22000000000000000000O0
ObhO00D0O00OO0O0yOOODOOOODOO-—-0O0OO
Jdoodobooooooboobooooo, oo 20
goooooobooooooOooooo. oooo, O
00O demnovo Sequencing 00, Fig. 1800000000
dododdoooooooooooooog, ooooooo
O, His-GluOODOO Glu-HisOOOODODODOOoooog
0o00oo0oooooooog. s000—-00000
Jgoood, o0 20000000000000 600
ooooooo0ooOooOoOo, 400000000000
o000, Dooooo20000000000000
dododoooooo. ooooooooooooooo
ooo0ooooo-00ooo.

Mann O Wilm O, de novo Sequencing 000000
dodddoooooooooooooooooooon
Ooo0ooooooooooo, 3000 ooool, O
000, [Region 1], [Region 2], [Region 3] 00000
Jd0o0o0o0obOo0oboooDDbOon (Fig. 19, OoOoOoo
000000000, 000000000 [Region 1]+
[Region 2]+[Region 3] 00000000, [Region 1],
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(A)
Paptide Sequance Tag (PST)

I -,
Parlisl Ssquerose

m, RLN | =y

L + +

Hinghen 1 Augien 2 Fagan 3
P oy W
w=2038 [ EX DD @D |
2 XA e D@ 2 X )

f— —
F-Lsarrre s l” Ll B J'FI,-J C-Lsarrid nai
(B)
Peptide Sequence Tag (PST)
Partial Sequence 725.39

2 | [His | Gl | ?
” » »
21412 l 137.06 l 129.04 i 24517

m, 214.12 351.18 480.22

245.17 -1.01
= 244.16

my

T T T T T T T T T T T T T T T 1
0 100 200 300 400 500 600 700
m/z

Fig. 19. (A) Schematic diagram of “peptide sequence tag”
defined by Mann and Wilm. (B) Decipherment of
a “peptide sequence tag” from the product ion
mass spectrum shown in Fig. 18, in which
observed product ions are not enough to
determine the complete amino acid sequence.

[Region 2], [Region 3100000000 [m4], [m2], [ms]
ooood, ooooooo MO [mi+[me]+[ms] OO
O (Fig. 19A). 0000 3000 [ODoOOOJoOooa,
o000, 00b0O0o00o0o0ooo0ooooooooo
0000000 [mq], [partial sequence (m2)], [ms] O O O
gooDoooboooboog.

[m1] 0 de novo Sequencing 0D 000000 [partial
sequence] 000000000000 —-00000O0OOO
o0, 0—-000000O00bbOO-—-0OD0OOODOO, O
00oo0oU0o0oooooOoooooo (=ooo) o, O
O0000000000o0ad [Partial Sequence] O N[O
00000000 0DO [Region 1]10000000O0OO
0.

[Partial Sequence]d 0 O, de novo Sequencing 0 00O
gobDo0oobooooooo.

[ms] O de novo Sequencing 00000000 [Partial
Sequence] 000D 0D0O0D0OODOO—-O0000O00OO0O
go0O, 0O-0000000O0bpLbODO-0O0O0DOOOOO,
0000000000000 0o0oooobDoooDoo
(M)OOOO (0000000000 MHTOOOOOO
0), 0000000000 D0O0O00 [partial sequence]
0CO0O0000000D000O [Region 3]O00000O0O

agood.

Mann O Wilm O, 0000000000000000O0
00000000000 [mi]+[partial sequence]+[ms]
0000000 “Peptide Sequence Tag” OO OO, O —
O0-0000000000000D0ODO000bOoO0o0on
O, 00D0000O0O0000O000ooooooooooon
oooos,

62 PSTOOODODODODODODODOOO
PSTOODODOODOODOODOOODODO, ODOOO
JoooooOoooOoo000oooooooooDn PST
goo0oo0ooboOoooooOooooboooooo, 0o
0000000000000, DUUDUoUoUUgoggo
dododoooooooooooooooooog, O
O00D00O00Db0O0000O0O00ooOoO0oooooooon
00 —00, Product Ion Mass Fingerprinting 0 0 00O
0o0bOobOooooooo. oboobog, pPSTOOODO
0000000000000, Productlon Mass Finger-
printing0 00000000000, PSTOOODOO, O
JooooooOo0o0oOooooobooooag, pPSTOOO
OO0000000d, Product lon Mass Fingerprinting O
0000, 0obooooooooooooooo, 0o
ooooboooooooo. pPSTOODODDODOOOODOO
oo00o0oooboooboog.

1) D0O0000O0000O0O00O0-000o00000
gooooooo, oooooooogd.

2) DODODODOOODODODOODOOMS/MSOODO
gooo, 00booo0oooooopoooooog
ogd.

3) 00OD00DODOO0bODOOoOoOoooOoOoDoboOoOoon
gobodobooob, oooobooooood
OpPSTOODOOO.

4) ODO0OO0-00-00000DOO0OO0DbODOOg, OO
00oDoO00obo0o0o0ooooooo-00ooag
goobo—-dodoooooooo, tooooo
go0boO0o0o0oooOoooooooooo.

5) 00D0DO000ODOO0DODOOODODOOODOOOD
0000 (OO0-0-000) 00000000
00bDoO00boO0o0o0ooOoO0ooObDO0oo—-0o0o
JoooooboooonO, oooooooo.

6) DO000D0OO00OO0OO00OD0DDOO0ObOOO0ODoDOOoOooDoO
00, O00boO0o0o0ooOo0ooboboOoooooo
0000DOooOo pSTOODODOODOODOOOODOO
gooobododoooooooooooooa.

7) D0ODD0D000ODOO0O00ODOO0O00DO0OO0O0ODOOOoO0on
gopooooo.

63 DO0OOOOPSTO—OOOOO

PSTOOODODODOODOOODODOODOO, O-

O00-—-00000000 demnovo Sequencing D00 00
JooodooboOoooooobooo. bog, cooa
O, 00DONDOOOODODOODOODOOOOODO
Oooooooo, (PSTOOOOOOOOOOOOOO

—124—



Mass Spectrometry-Based Protein Identification by Correlation with Sequence Database

(A)

ARSI ERELERCRALE—I I R(F D5

BRUHEEEDL—IIVR
A7+ 8= (—{i)

REEEENY—IIVA
1A DEE (—if)

(Start mass)Partial Sequence(End mass)

(214.12)HE(480.22)
| 725.39
2 || Gis | e 2
* 137.06 129.04
@ 351.18
m/z

(B)

Protein identification by peptide sequence tags

Fill ot the foron aiwd press Start PeplideSemch to perfonn o databese search

If you want to search with sequence data produced by e g Edinan degradation. then wse the gequence ondy

sl

Probein mass rmnge [kDs): o < N < [3m
Cleavage agent; L0 =

Cysielne 1s; | CotarsdamanyiCys 4

[ Orncidized Methiomine

Organizm: | Huran -

Peptile mass (nestral); 7243

Muass accuracy: |L0E % -
Peplide sequietsce Dags | G2 10HEI 25
and 7 arai 7 8

Match regions:

Number of missed cleavage sites per peplide; 0 =

Patterm Match: Search by: B iyps ssguercs ona

Fig. 20.

Il o i BB i |5

I Svilan: {starl imiass V0 e s ]

(A) Schematic diagram of the syntax form of “peptide sequence tag” for protein identification by using

“PeptideSearch” and “Sequence Query/MASCOT®” programs. (B) Search form of “Peptide Search” program for

protein identification by peptide sequence tags.

000) 0000000000 0o0o0ooooooooo
oooooooooodg, oooooooooooood
gooooooooog, oooooooogopog—=od
uo-ooooooooooooooood, yod-—=od
oi-0oboooooooooooooooooood

oooooo. oogd, pO0b0—-O00yOO-0O00O0ODO
00000 pSTOOODOOODOOOODOOOODOO
Jooood. MannOOGOGOOO PSTODODOO —-0O0O
000 PeptideSearch O OO0 OO -—-—00-—-000000O
O PSTO-—-O000O00O00O0O, (Start Mass) Partial Se-
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quence (End Mass) 0 00O (Fig. 20). Start Mass [0, de
novo Sequencing 00000000 [Partial Sequence]
goopoodobooooo-—-00oooooooog, bo
Jooooooooooggg. Fig 20A 0O00O0OO,
Start Mass 0 214.12000. 00O, End Mass O, de
novo Sequencing 00000 OO0 [Partial Sequence]
oooooooooooo-—-ooooooooog, 0o
gooDoO0o0obooOoooog. Fig 20A 00000,
End Mass O 480.22000. ODO0OOOOOOOO, O—
oooooooobboD—-—0O0yOO-—-—OD0OOOOODO
OO0o0oo0oboooo. Ood, Partial Sequence O, 00
000000000 -0o00o0ooooobOoO-—-00
o000 yoOO-—-000000, OODOO0OO0OO0OO0OO0O0OO
gobo0ooboOoooooooooo. oo, ooobo
gooboodoboOoO0yOoo-—-0O0O0O00OO0OO0O0, ODOO
goooooooco—-NOOODOoooooooog
go00O. 00000, 0000 NO—-COODODOOODOO
goood, ooo—-0000D0000D0O0. DOoO0Oo,
PSTO-00000O000O, O0-0000 (OoOoOoO)
o000 bpbOO-—-O00DOO0OyDOO-O0ODOOOODO
goo00oo0opoOoOoDOo. booboooooag, “Pattern
Match: Search by:” 00000, Y-type sequence ions
0000 B-type sequence ions 00000000000
(Fig. 20BO0000O0O0OO0OO0OOO0OOOOOO=-0—-),
Y-type, B-type 0 200 —-0000000000000
goobooobo. oooog, boboooooooo -
0-000000O00, Ob0gooo0ooooooooo
gooood.

6.4 PST OO Product Ion Mass Fingerprinting O
gooo

000000 -00000000, SEQUEST®

(TurboSEQUEST™) 0 MS/MS lons Search/MASCOT®
000000 Product Ion Mass Fingerprinting 00 0O 0O
MS/MSOOOOOOOODOOOOO0ODOOoO0O0oogog
gobDoO0o0oboOOoo0onDO, ooooooooboooo
gooooobooooo.

1) PSTOOO, O0—00-—-00000, OOOODOO
ooooob0-—-0-0000000000O0, de
novo Sequencing 00000000 OO0OOOO0O
ooooo, ooooooooooooooood
00o0oooo0ooo0oO0oboO0ooboooooog

0. Product Ion Mass Fingerprinting 0 O, OO
00bDoO00bO000OoOoO0oobOboOoooooo
gobooooboooo.

2) PSTOO, DOODOODODOODOOOOOO
00 (Fig.20A0000000 Start Mass 0 End
Mass 00000000O0) O, 000000 —-0O
oooooooo-—-g0ooooooooooogod
0o0bo0ooboood. 00, Product Ion Mass
Fingerprinting 00, O0000000O0O000OO
oooooooo, ooo—-ooooooooo—
0000o0oDO00ODDbOOo0oDbOOoO0oDObOoo0oDbOoO
0. 000, D0ooo-0 (Doo) 0o0-00
ooooooooooooooooooooood
Od.

PSTODO, ODOOODODOOODODODOODOOOODOO,

ooooooooooooooooooooo, oooo
0000000, OO0 denovo Sequencing 00000
go00oDo0ooobooOooboo, 0oboooooooo
0o00ooo0o0oooooooooooooooooon
0000000DbO0O00bOo0O0o0ooDd, de novo Se-
quencing 000000000 OO0OO0OODOOOODOOO
ooooooooooooooooooo. oooog,
o000o0O, 0bO0o000O0OO00ooOoO0oooooooon
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0O0-00-000000000000. ooboooo

Table 6. Search Engines for Protein Identification by PST on the Internet (as of March 2004)

Search engine Resource

Uniform Resource Locators (URL)

PeptideSearch EMBL
(Protein identification by

peptide sequence tags)

Sequence Query Matrix Science

(MASCOT®)

MS-Seq
(ProteinProspector)

UCSF

http://www.narrador.emblheidelberg.de/GroupPages/PagelLink/
peptidesearchpage.html

http://www.matrixscience.com/cgi/search™ form.pl?”FORMVER =2&
SEARCH=SQ

http://prospector.ucsf.edu/ucsfhtml4.0/msseq.htm
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