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Experiment 7: Mascot Database
Search Using Public Mascot Server

» General practice for Mascot search
BSA emPAIl FINAL.tmp

» emPAl quantitation:

BSA emPAIl FINAL.tmp

» ITRAQ quantitation:

iTRAQ_DDAcs4b.pkl

> Error tolerant search:
TIF acetylation.tmp





Mascot Search

http://www.matrixscience.com/cgi/search_form.pl?FORMVER=2&SEARCH=MIS
MASCOT MS/MS lons Search

Y our name |Sheng |

Email |521d@c0rne|l.edu |

Search title [Test Play with search parameters
Database ' 0 v
T omy | ............ Mammalia (mammals) "v*|
Enzyme |Tr'g,'p5ir| V| Allow up to missed cleavages
mudificaliii);ﬁg Biotin (K) =~ fariable |Nrecam () s

Biotin iN—termi =
Carbamidomethyl (C

Carbamyl (K)

modifications | owidation EHWi

Phospho (ST)

Carbamyl (N-term) ol Phospho {¥) &
QuaMsiigtion |Ncme V|
Peptide tol. + |1, a3 v| g@13C MS/MS tol. + (0.8
Peptide charge |2+ and v Monoisotopic ) Average O
Data file [C:\Doc{in[B®] and Settings\sz| — Load BSA...tmp file here
Data format | Mascot M‘ﬂ Precursor |:| m/z
Instrument | Default V|

Error tolerant [ |

Report top | AUTO | hits

[ Reset Form ]






Relative Quantitation: emPAIl Protocol

MATRIX
{itimert Mascot Search Results

Ozser

Email

Search title

M5 data file
Database

Taxonomy

Timestamp

Enzyme

Fixed modifications
WVariabkle modifications
Mass wvalnes

Protein Mass

Sheng
szldfcornell .edn
Test

C:\Documentz and Settings\szld\My Documents\Proteomel\Cornell27Jan03\Presentationz=\MS worksho

SwissProt 57.8 (509019 segnences; 178948533 residnes)
Mammalia (mammals) (64853 seguences)

16 Oct 2009 at 03:27:58 GMT

Trypsin
Carbamidomethyl
Oxidation (M)
Monoi=sotopic
Tnrestricted

(C)

Peptide Mass Tolerance + 1.5 Da
Fragment Mass Tolerance: = 0.8 Da
Max Mi=ssed Cleavages 1
Instrument type Defanlt
Homber of gneries 318

Lactotransferrin O5=Bos taurus GN=LTF PE=1 35WV=2
Serum albumin O5=Bos taurus GN=ALB PE=1 5V=4
Trypsin O5=5us scrofa PE=1 5V=1

BEibonuclease 4 05=Bos taurus GH=RMNASE4 PE=1 5V=4

Protein hits TRFL BOWVIN
ALBO BOVIN
TEYF FPIG

EHAS4 BOVIN

Play with the filters

Select Summary

armat As ] |Se|ect Summary (protein hits) V| Help

Significance threshold p=< Max. number of hits

Standard scoring O MudPIT scoring & Ions score or expect cut-off Show sub-sets D
+ | Require bold red

Show pop-ups & Suppress pop-ups ' Sort unassigned | Decreasing Scare

TRFL EBOVIN

Lactotransferrin Q5=Bos taurus GN=LTF PE=1 3V=2

Mass"

fmery Observed Mr (expt) HMr (calc) Delta Miss Score Expect Rank Peptide
2 374.2787 Tda.5428 T46.3963 0.1465 ] 35 0.21 1 R.AFVDAFE.E
50 439.8468 877.6790 B77.4658 0.2133 ] 43 0.025 1 K.DSALGFLR.I





Relative Quantitation: emPAIl Protocol

[ Format As ] |Se|ect Summary (protein hits) Vl Help
Significance threshold p< Max. number of hits
Standard scoring & MudPIT scoring & Jons score or expect cut—oﬂ' Show sub-sets D

1d red

Show pop-ups @& Suppress pop-ups ' Sort uﬂass]gued| Decreasing Score

1. TRFL. BOWIN Ma=s=s: 20002 Score: 404 meries matched: 34

Lactotransferrin O5=Bos taurus GHN=LTF PE=1 5WV=2
Dmery Ohserwved Mr (expt) Mr {calc) Delta Miss Score Expect Ral
2 374.2787 T46.5428 T45.3963 0.1485 n] 35 o.21 1 R.APFVDAFE.E
50 439 .8468 877.6790 877 .4658 0.2133 0] 43 0.025 1 H.DSALGFLR.I
TJ0 474 .2959 2946 .57T72 945.4906 0O.0866 a] 43 0O.026 1 R.LLCLDGTR.EK 71
E4q 490.2879 978.5612 978.4957 0O.0656 n] 37 o.084 1 R.AFALECIR. A
107 537.3104 1072 .6062 1072 .5699 0.0363 a &0 O.00057 1 KE.LGAPSITCVR.R 108

Sl L e W N T i s

ALBUO BOVIN Tiz244 157 meries matched:
Serum albumin O05=Bos taurus GN=ALE PE=1 5V=4
ome Ohserved Mr (expt) Mr{calc) Delta Mi=s=s Score Expect

13

Mass: Score:

3 379.7842 T57.553%59 T5T7.4156 0.1383 u] 3a 0.15 1 LLPE.TI

16 395.3147 T88.6148 TEE.4644 0.1504 o 45 o.0088 1 K. LVTDLTE.W

SE 449 . Taz27T g897.510% §97.4742 0.03a7 0] 33 0.21 1 R.LCVLHEE.T

B85 462 .2817 S22 .5489 921 .4807 1.0682 o 36 0.11 2 H.ARFVEVTE. L

87 464 .30986 S92a6.6047 S92a6.48a61 0.1185 n] 3a o.12 1 H.YLYETAR.R

a5 507 .8840 1013.7535 1013.6121 0.1414 a 55 0O.0016 1 K.QTALVELLE.H
123 569.T7853 1137.556l1 1137 .4507 0.0654 o 59 o.00057 1 K.CCTESLVHERE.R
125 582.3986 1162.7826 1162.68234 0.15593 n] 48 0O.0063 1 E.LVHELTEFAE.T
152 417 .3001 1248.8785 1248 .6139 0.2647 1 37T o.088 1 R.FFDLGEEHFE. G
162 653 .4246 1304 .83406 1304.7088 0D.1258 o 48 0O.0068 1 K.HLVDEPONLIE.Q

o L3
Proteins % Molar Expected ratio

Lactotransferrin 1.32 78.1 75%
BSA 0.37 21.9 25%
2lemPAI] 1.69 100





Mascot Quantitation Search for iTRAQ Samples

MASCOT MS/MS lons Search

Your name |Sheng |

Email szld@cornell.edu

Search title |Te st

Database |5wissPrnt V|
Taxonomy |AII entries V|
Enzyme |Tr~;psir'| V| Allow up to missed cleavages
modifications | e o (orerm M Al modifications |Radplex (0 A
l iTR&QEE:Iex (K) L
iTRAQEplex (N-term) e
Quantitation |iTR&Q dplex w
Peptidetol. + 0.2  ||Da ¥| gi3c|0v MS/MStol. + (0.1 ||[Da ¥
Peptide charge | v - MOyoisotopic ) Average O
Data file | (Bowss.. ]/ € Load iTRAQ.pkl file here
Data format |Micrnmass (LPKL) = Precursor I:I m/z
Instrument |Default V| Error tolerant [ ]
Decoy [ | Report top hits
| sStart Search... |

[ Reset Form ]






Quantitation Searching for ITRAQ Labeling

MATRIX

scievess Mascot Search Results You will get [ distinct protein hits

User

Email

Search title
MS% data file
Database
Pmantitation

Timestamp
Protein hits

with 117/114 = 2

zzldfcornell.edn
Test
C:%\Documents and Settingsi=szld\My Documents)\Proteomel)\Cornell27Jan0%\Presentations\M5 workshop Octlo\l
SwizssProt 57.8 (509019 segnences; 175948533 residnes)
iTRAD dplex method details
Applied Blosystems I1TERAQ(THM) 4-plex
14 Oet 2009 at 21:41:22 GMT
115/114 116114 117/114
0.135 0.082 2.104 ALBO BOVIN Serum albumin C©5=Bos taurus GHN=RLE PE=1 5V=4

=== £195.561 077 TRFE HUOMAN Serotransferrin O05=Homo sapiens GN=TF PE=1 5V=2
- - .087 LACE BOVIN Beta-lactoglobulin 05=Bos taurus GN=LGE PE=1 5V=3
=== 0.151 174 BGAL ECOHS Beta-galactosidase 05=Escherichia coli 09:H4 (=train HS) GN=la

2

2

2

2.131 LACE OVIMO Beta-lactoglobulin ©O5=Cvis orientalis musimon GH=LGE PE=1 3V=1
- - 2.038 LYSC CHICKE Lysozyme C 05=Gallus gallus GH=LY¥Z PE=1 5WV=1

2.089 BGAL CITEE Beta-galactosidase O05=Citrobacter koseri (strain ATCC BAR-895

2.200 TEY1 BOVIN Cationic trypsin 0O5=Bos taurus PE=1 3V=3

2.091 TRFL HORSE Lactotransferrin (Fragment) O05=Equus caballus GHN=LTF PE=1 5WV=1

1.9596 LALBA BOSMU Alpha-lactalbumin 05=Bos mutus grunniens GN=LALBA PE=2 SV=1
- - - STIP1 BOVIN Stress-induced-phosphoprotein 1 OS5=Bos taurus GN=5TIPl PE=2 5V
=== === === MYSA DROME Myosin heavy chain, muascle O05=Drosophila melanogaster GHN=Mhc P
=== === === ADDE ANOFW ATP-dependent helicase/deoxyribonuclease subunit B OS=Anoxybac

Probability Based Mowse Score

Tons score 1z -10%LoglP), where P 15 the probabality that the observed match iz a random event.
Indrvidual 1ons scores = 43 mdicate identity or extensive homology (p<0.03).
FProtein scores are dertwed from ions scores as a non-probabilistic basis for ranking protein hits.





Quantitation Searching for ITRAQ Labeling

Peptide Summary Report Play with filters to see what happens

——

[ Format As ] |PEM v|
Significance threshold p< Mlaz number of hits

Standard scering @ MudPIT scoting O Ions score or expect cut—oElCl Show sub-sets D
Show pop-ups @ Suppress pop-ups O Sort unassigned| Decreasing Score V| Eequire bold red

Protein ratio type | Weighted Mormalisation ‘ Mone V‘ Help

Report peptide ratios Cutlier removal | Automatic v Min. # peptides
Min. precursor charge Peptide threshold | At least homology | | |

Select Mone

Select All

1. ALEO BOVIN Mass: T964%3 Score: 1224 Poneries matched: 46 emPAT: 1.24
Serum albumin 05=Bos taurus GH=ALB PE=1 5WV=4

Selected | [JError tolerant

[Jcheck to include thi= hit in error tolerant search

fmantitation: Ratio Weighted H 5D (geo)
115/114 0.135 2 4.618
116/114 0.082 10 NN
117114 2.104 13 1.043
Onery Observed Mr (expt) Mr {calec) Delta Miss Score Expect Rank 115/114 1167114 117/114 Peptide
B7 345.2197 688.4248 688.4353 -0.0105 0] 14 42 1 === === === E.VASLE.E
86 403.2510 804.4874 804.4%49 -0.0074 0] 24 7.6 1 - -—— -— R.ADLAR.Y
102 449.2468 896.47%90 896.4847 -0.0057 0] 25 3.5 2 -— -—— -— KE.AFDEE.L
110 44%9.2472 896.47598 896.4847 -0.0043 0] (15) 33 1 === === === E.AFDEE.L
126 474.7810 947.5474 %47.5531 -0.0057 0] (43) 0.077 1 -0.005 -0.082 1.846 KE.TPVSEK.W
127 474.7829 947.5512 947.5531 -0.0019% o] 48 0.028 1 -0.063 -0.097 2.271 KE.TPVSEK.W
[l 14F 4497 2634 aR? w1724 aR? R1A%T -0 NOR7 n [2ah 1 4 1 —— —— —— B CASTAR F





Automatic Error Tolerance Search Results

MASCOT MS/MS lons Search

Your name |Sheng | Email |sz14@cornell.edu
Search title Test
atabase |NCEIIr|r '”"l
Taxonomy | . Archaea (Archasobacteria) V|
Chymotrypsin Allow up to |2 ¥ misse
_ Fixed [Biotin (K) A Variable [mTRAGQ:13C(3)15N(1) () A~
modifications |gigtin (N-term — | modifications |yipCaM () W
Carbamidomethyl (C ) Oxidation (HW
Carbamyl (k) —
Carbamyl (MN-term) | Phospho (5T) |
Quantitation |Ncr|e V|
Peptidetol. + 1.5 | Da ¥| gisc|0 v MS/MStol. + 0.8 | Da v

Peptide charge |2+ and 3+ b Monoisotopic ) Average O

l - -
Data file |C:'\Dncuments a{d Settingsisz“ Browse... é'— Load acetylatlon.tmp file here
\

Data format | Mascot generic \4\ Precursor I:I m/z

Instrument |Default V| Error tolerant

Report top | AUTO * | hits

[ Reset Form ]






Automatic Error Tolerance Search Results

ﬁ H Lol COrmimerl . =eau
Search title : Test
M% data file : C:\Doomments and Settingsiszld4l\Local Settings\Temp'maslAR.tmp
Database : HCBInr 20091010 (986B855 =egqnences; 3366351629 residoes)
Taxonomy : Archaea (Archaeobacteria) (1595008 segoences)
: Error tolerant search of all =significant protein hits
Timestamp : 14 Oct 2009 at 20:08:02 GMT
Protein hits r gi| 57641215 transcription initiation factor ITE [Thermococcus kodakarensis EOD1)

gi|254170230 TFIIB zinc-binding family [Thermococcus barophilus HMF]
gl 2392147 Chain B, Tata-Binding ProteinTRANSCRIFTICHN FACTCOR (II)BTATA-Box Complex From Pvyros
gi|212224249 transcription initiationm factor ITE [Thermococcus onnurineus HAIL]

Probability Based Mowse Score

Tons score 13 -10%Log(P), where P 15 the probabiity that the observed match 15 a random event.
Indrndual ions scores = 45 indicate identity or extensive homaology (p=0.057.
Protem scores are derived from 1ons scores as a non-probabilistic basis for ranling protem huts.

Lysine acetylation

Z

Number of Hits

.
T T T T T 1 1
[#] 100 200 300 L ele] fatele] B
Probability Based Mowse Score

Peptide Summary Report

[ Format As l |F'eptide Summary V| Help

Significance threshold p= Max. number of hits | AUTO Hide error tolerant matches [
Standard sconng O WudPIT scening & Tons score or expect u:ut—oE Show sub-sets D

Show pop-ups & Suppress pop-ups O Sort unassjgaed| Decreasing Score V| Eequire bold red






Automatic Error Tolerance Search Results

gi|57641215

transcription initiation factor IIE [Thermococcus kodakarensis ECOD1]

Mass:

34178

Score: 551

Queries matched: &3

[J Check to include this hit in error tolerant search

fmery Chserved
28  458.8281
44 506.8177
80 537.8238
82  538.8439
70  559.3191
83  580.3863
EE 603.8331
105 621.9631
118 652.8993
125 665.3942
241  580.724&
253  594.8780
283 £06.4235
269 920.9549
270  614.4258
279  544.8916
280 544.3094
281 630.3186
232 630.4111
283  631.8720
285  549.4550
287  633.4490
288 633.5028
289  633.7361
231  635.0363
297 639.4067
293 960.8977
301  642.7319
304 966.B698
305  645.0688
307  970.4502

Mr (expt)

915.
1011.
1073.
1075.
1116.
1158.
1205.
1z241.
1303.
1328.

17385.
1781.
1816.
18389.
1840.
1887.
1887.
1887.
1888.
1891.
1896.
18987.
18987.
1898.
1902.
1915.
1915.
1925.
1931.
1932.
1938.

6417
6209
6331
8733
6236
7580
8517
2117
T841
7738

1521
0123
2488
8953
2555
T686
g042
9341
2115
9942
8955
3252
4366
1364
0871
1983
7809
1739
7251
1545
5859

Mr(calc)

815.
1011.
1073.
1075.
1116.
1158.
1205.
1241.
1303.
1328.

1738.
1780.
1815.
1838.
18385.
1886.
1887.
1887.
1887.
1891.
1896.
1887.
1896.
1896.
1%01.
1514.
1915.
1524,
1531.
1531.
1535,

5025
5713
5717
5509
5775
6245
6291
6379
7136
6336

9214
9683
9955
9630
9650
4527
4003
4003
4003
8952
9305
9381
9305
9305
8745
5968
5901
5854
9265
9265
0375

o o e 9 2 2 g g g aa

|
=2 a2

Delta Misz Score Expect Rank

L1352
.04358
0614
1224
L0461
.1336
L0225
.2137
.0705
.0803

L2307
.0440
L2532
L0737
.2865

0.8159

0961

0.0338
0.3113
0.0550

.0%50
L6128

0.45960
1.1555%
0.2076
0.3015

L1052
.1885
L2014
L2580
L1515

L e I T e e e I R I N et e s . B T =T - R - S - T e o o U == O ¥ R

60
46
55
a7
33
56
46
51
58
60
(53)
&0
64
(78)
81
(77)
(686)
(40)
(53)
(73)
84
(50)
(53)
(34)
(57)
43
(£8)
(56)
80
(52)
(54)

0.0028

0.048
1.2

0.01%

0.006%9

0.00033

0.15

0.0067

5.7e-08

0.00018
0.58

0.074

emPAT:

[T e e e R e R e e e e i = e e e e e T T e T e e e S e S o

2.34

Peptide
JALSELDEL.A
JABVCGAPESIL.L
ALSELDRLAS . N
STDIGIDRSL.T
SELDRLASNL. S
DIGIDRSLTGL.M
.BATETILEEAY.Q
TSCGHESPAGLVAAAL.Y
SCESPAGLVAAALY. T

. LHDEGLSTDIGIDRSL.T

.REATEILEEAYQRGL.T

WIEENVVDEGEEWRAF .D
WIEENVVDEGEEWRAF .D
WIEENVVDEGEEWRAF .D
WVIBENVVDEGFEWRAF .D

VIEENVVDEGPEWRAF .D
IYDESRGEIVCEVCGY .V
WVIEENVVDEGEEWRAF .D

S I T o e e T = e s

L.BDEGLSTDIGIDRSLTGL.

¥ . VIEENVVDEGEEWRAF.D
¥ . VIEENVVDEGEEWRAF.D

L.BDEGLSTDIGIDRSLTGL.

.BDEGLETDIGIDRSLTGL.
.HDEGLSTDIGIDRSLTGL.
.BDEGLETDIGIDRSLTGL.
.BDEGLETDIGIDRSLTGL.

. LHDEGLSTDIGIDRSLT. G
. LHDEGLSTDIGIDRSLT.G
WIEBEENVVDEGFEWERAF.D + [-0.9476 Beetyl (K) [+42.0106]

M

+
M

+
M

ALBELDELASNL.S + [+27.9949 at 53]

. LHDEGLSTDIGIDRESL.T + [+42.0470 at K4]

Possible Assignments:
Amidine (K) [+41.0265]

Guanidinyl (K) [+42.0218]
Trimethyl () [+42.0469]
Carbamyl (E) [+43.0058]

Schiff Base +43 (KR) [+43.0184)
[+3.9943

+ [+0.9476 at K3]

[+13.9793 at Wi3]

[+31.9888 at P11]
+ [+27.59439 at H-term H]
[+44.0262 at R14]
[+44.0262 at R14]
+ [+42.0470 at E3]





Automatic Error Tolerance Search Results

Protein View

Match to: gi|57641215 Score: 551
transcription initiation factor IIE [Thermococons kodakarensis EOD1]
Found in search of C:\Documents and Settingsi\szl4\Local Settings\Temp'maslAB.tmp

Hominal mass (M ): 34178; Calculated pl walue: 59.44

HCBI BLAST search of gi|57641215 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Thermococcus kodakarensis EODI1

Link=z to retrieve other entries containing this sequence from NCEI Entrez:
gi|73913986]1 from Thermococcus kodakarensis

gi|57158538 from Thermococcus kodakarensis EODL

Fixed modifications: Carbamidomethvl (C)

Variable modifications: Oxidation (M)

Cleavage by Chymotrypsin: cuts C-term side of FYNL unless next residue is P
Sequence Coverage: 58%

Matched peptides shown in Bold Red

1 MSGEERVCEVC GSTEFIYDPS RGEIVCENVCG YWIEENVVDE GPEWRAFDEG

31 QEEFEARVGA PESILLHDEG LSTDIGIDES LTGLHMEEEMY ERLEEWQSELE
101 VS5DALERNLA FALSELDRLA SHLSLPEHVE EEAARLYRESL VEEGLIRGES
151 IEAVIAACWY BLCRLLEVEE TLDEIADVESR VDEEEIGRSF RFIARHLNLT
201 PEELFVEFTD Y¥WVHEFADELG LSEEVEREAT EILEEAYQRG LTSGESFAGL
251 VAAATLYTAST. MEGEERTQEE VAEVARVTEV TVENEYEELV EELNLEVPIA
301

—

Show predicted peptides also ]

—_—

Sort Peptides By l ® Eesidue Mumber O Increasing Mass O Decreasing Mass






Automatic Error Tolerance Search Results

Start
16
32
32
32
32
32
32
32
32
32
32
32
56
66
66
66
66
66
66
66
66
66
66
&7
67
67
&7
67
67
67
67
&7
72
72
72
74

112
112
112

44 a

End
31
44
44
47
47
47
47
47
47
47
47
47
65
81
81
81
82
B2
84
84
84
84
84
81
81
82
84
84
84
84
84
84
81
84
84
84
118
121
123

4 nT

Ohserved

639
737
776
944
944
630
630
631
635
960
266
645
h06
580
580
594
920
614
671
1006

680.
680.
685.
813.
543.
576.
243,
633.
633.
633.
642,
270.
538.
674,
a74.
580.
458.
537.
665,

ER0

L4067
L8326
L8522
L8916
L9094
. 3186
L4111
L6720
L0363
L8977
. 83698
.0688
LB177
L7119
. T2406
L6780
L9549
L4258
L1505
L0291
4762
4331
1831
2027
0293
eE5Z2
4550
5028
736l
4450
7319
4502
5439
4004
4481
3863
8281
8238
3942

EEN:T ]

Mr (expt)
1915,
1513.
1551.
1887.
1887.
1887.
1888,
1891,
1902,
1919,
1931,
1932,
1011.
1739,
1739,
1781.
1839,
1840.
2010.
2010.
2038.
2038,
2052,
1625,
1626.
1727.
1896,
1897.
1898.
1897.
1925,
1933,
1075.
1346,
1346,
1158,

915,
1073.
1328.

1444 £

1983
6506
6899
7686
042
2341
2115
2942
0871
7809
7251
1545
6209
1139
1521
0123
g953
2555
42394
D436
4067
2775
5275
7908
0ée6l
0338
§955
4366
1564
3252
1739
g859
6733
T863
g816
7580
6417
6331
TT738

ST

Mr {calc)
1914.
1513.
1551.
1886.
1887.
1887.
1887.
1891.
1901.
1919.
1931.
1931.
1011.
1738.
1738.
1780.
1839.
1839.
2011.
2011.
2038.
2038.
2052.
1625.
1625.
1726.
1896.
1896.
1896.
1897.
1924,
1935.
1075.
1346.
1346.
1158.

915.
1073.
1328.

LEE IF

59638
69306
6495
9527
9003
2003
9003
ga52
8735
8901
9265
9Zed
5713
9214
9214
9683
9630
9650
oz2z2
0334
0695
1059
1215
8373
8373
8850
2305
9905
9305
9381
9854
0375
5509
7042
To42
6245
5025
5717
69306

EUTR

[}

e I e T o s o Y e I s

Delta
. 3015
L0431
.0404
L8159
L0961
.0338
L3113
L0950
L2076
.1092
.2014
L2580
L0496
L1925
L2307
.0440
L0737
. 2865
L5926
. 9898
L3372
1716
. 4059
L0465
. 2288
.1488
L0950
L4960
.1959
L6129
.1885
1515
L1224
. 0822
L1774
L1336
L1392
L0614
. 0803

mAL

Mis=s Sequence

1

e I P B L T e B e e = L = - T % e (A e e S T T T O ' P e A A Y S ST S S S S S = R

F.

. LEDEGLSTDIGIDRELT. G

IYDPSRGEIVCEVCGY .V  (Ions score 43)

NIEENVVDEGPEW.R (Ions =core &0)
WVIEENVVDEGEEW.R Cation:K (DE) [+37.96] (Ions score 52)
VIEENVVDEGEEWRAF .D

Glu->»Lys (E}) [-0.95] (Ions score 77)

NIEENVVDEGPEWRAFR . D (Ions score 66)

NIEENVVDEGPEWRAF . D (Ions score 40)

SNIEENVVDEGPEWRAF . D [(Ions score 53)

VIEENVVDEGPEWRAF.D Trp->»>KEyvnurenin (F) [+3.98] (Icons score 73)
NIEENVVDEGPEWRAF.D Trp->Oxolactone (F) [+13.28] (Ions score S57)
VIEENVVDEGPEWRAF.D Dioxidation (P) [+31.99] (Ions score 68)
NIEENVVDEGPEWRAF .D  hyvdroxyethvlate (KR) [+44.03] (Ions score E0)
NIEENVVDEGPEWRAF.D  hydroxyvethylate (KR) [+44.03] (Ions score 52)
CARVGAPESIL.L (Ions =score 46)

. LHDEGLSTDIGIDRSL.T (Ion= sy E—
LHDEGLSTDIGIDRSL.T ons score 53) -

. LEDEGLSTDIGIDRSL. Trimethyl (K) [+42.05)] OnS Score 60])

7o)

¥
Y
Y
¥
Y
Y
Y
¥
Y
Y
¥
E

L
L
L
L
L.LHDEGLSTDIGIDRSLT.G (Ions score 81)
L.
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
L
T
F
F
F
T

LHDEGLSTDIGIDRSLTGL.M Lys->Glu (K) [+0.93] (Ions score 64)

. LHDEGLSTDIGIDRSLTGL.M Ile->asn (I} [+0.9&6] (Ions score 75)
. LHDEGLSTDIGIDRSLTGL.M Feormyl (5) [+27.99] (Ions score T1)
. LHDEGLSTDIGIDRSLTGL. M
. LHDEGLSTDIGIDRSLTGL
LHDEGLSTDIGIDESL.T
.HDEGLSTDIGIDRSL.T
HDEGLSTDIGIDRSLT. G (Ions score 49)

JHDEGLSTDIGIDRSLTGL.M  (Ions score £4)
CHDEGLSTDIGIDRSLTGL.M  (Ions score 69)
CHDEGLSTDIGIDRSLTGL.M (Ions score 34)
CHDEGLSTDIGIDRSLTGL.M Lys-»51lu (K) [+0.95] (Ions score 50)
CHDEGLSTDIGIDRSLTGL.M  Formyl (N-
LHDEGLSTDIGIDRSLTGL
.STDIGIDRSL.T (Ion
CSTDIGIDRSLTGL .M (Ions =score B7)

LSTDIGIDRELTGL.M  (Ions =s=core 34)

DIGIDRSLTGL.M (Ions score 56

JALSELDRL LA (Ions score 60)

CALSELDRLAS.N (Ions =score S55)

VALSELDRLASNHNL .S Formyl (5) [+27.89] (Ions =score &0)

score &1)
rimethvl (K) [+42.053] (Iocns score 74)

[(Ions score 53)

term
methyl (K)
47)

Tons score 56)
(Ions score

[+42.05]

=

CWITTIT ACKT o FT e memee oo





Automatic Error Tolerance Search Results

Monociscotopic masa of neutral peptide Mr{calc):

Fixed modifications: Carkbamidomethyl

Variable modifications:

K4
Ions Score:

Matchea (Bold Red):

# a

: Trimethyl

&0

(K}
Expect:

0.00014

air

| Peptide View

MWEME Fragmentation o LHDEGLSTDIGIDERSL

Foundingi|37641215 transcription initiation factor [IB [Thermococcus kodalearensis KKOD 1]

Matchto Query 253:1781.012262 from( 594 678030,3+)
Title:File: AcetylBandFMSIDA 11 wiff, Sample: AcetyBandERSIDA 12 (samplenurnber 1), Elutd

Drata file CADocuments and Settings'ez 14 L ocal Bettings\T empitnas LAB trnp

Clickmousewithin plotarsa to zoomin by factor oftwo about that point

. | Pleot from 100 1400 Full range
+
x =
o= i
+ E =
+ ] 1
SR G
2 g 3
3 3 |
M| ' 1
S |
1 b I -
+ iy 1 =
:4I ﬁl 1 "IE
TR O
P A A
t =g N TN E 4 o -
s ey O - = *
R - A . T
PO N S R,
e: :l |g : !.‘.\I 3‘ |:-|~| 3 :: j 3
4 n |5 : ! =S5 T- =1
200 o i) 300 1000 1200 1460

(el

—
a*

6.1525
746832
31.2052
74.7212
252451
827585
39.3004
678113
243533
81.8668
599174
034334

b

114.09173
251.1503
366.1772
36.3191
03.3406
T06.4246
7034567

804.504
1009.5313
1122.6154
1179.6365
129277209
140777475
15635489
1650.8810

LF N |

A
A

e
[

.
| LR

1780_59&83

b

57.5403
126.0788
153.5922
2658.6632
297.1730

3537160
30723120
4477558
505.2693
561.8113
590.3220
Bdh 8641
FO4.3775
TE24281

82459441

h*

519.2924
574.3140
AE0.3051
764301
BTTATIE
0035047
110558885
11624103
12756043
139077213
15468224
1633.8544

287164 fragment ions using 48 most intense peaks

b*

260.1499
285.6604
3452027
JBRTLIET
439.2435
496.7560
553.2980
581.8058
f35.3508
G35 8643
7730148
8174308

Seq.

Hown "H e A= A= 0R e

}r

16685915
1531.5326
1416.8057
1246.6638
11806423
1076.5582
080.5262
588.4785
7734516
660.3675
603.3461
490.2620
3752350

219.1339
1321019






Manual Error Tolerance Search Steps

1. Reqular search
¥ et Mascot Search Results

MASCOT MS/MS lons Search

Izer : Sheng
mail : szldfcornell.edn
Your name |Sheng | Email |sz14@cornell.edu jearch title : Test
IS data file : C:\Documents and Settings%=szld\Local Settings\Temp'masl.
Search title |TESt | ratabase : HCBInr 20091010 (9868855 sequences; 3366351629 residoes
'axonomy : Archaea (Archaecbacteria) (155008 segnences)
Datahase 'imestamp : 14 Oct 2009 at 20:39:49 GMT
'rotein hits : gi]57641215 transcription initiation factor IIE [Therm

Taxonomy .. Archaea (Archagobacteria) ¥ gi]240102532 Transcription initiation factor TFIIZ (tfb

i = i E zinc-bindi i [TI 1
Enzyme | Chymotrypsin % Allow up to mISSEd deavages gi|254170230 TFIIBE zinc-binding family [Thermococcus ba
gi|2392147 Chain B, Tata-Binding PFroteinTRAWNSCRIFTICH

Fixed [Biotin K) A _\:'ﬁri?me Oxidation (HW A gi|45954 transcription factor IIB [Pyrococcus woese
modifications | giotin (N-term - | modifications T § gi]257051641 Transcription factor TFITS cyclin-related
Phospho (5T
Carbamyl (K Phospho (Y = -
Carbamil EN)—term) v Propignar;it)je ©) v *robability Based Mowse Score 3. Perform search
Quantitation | None vl ons score 18 - 10*Log(F), where F is the probability j#at the observed match is a random event.

. ndividual ions scores > 45 indicate identity or extpfisive homology (p=0.03).
Peptide tol. £ |1.5 Da ¥ gic|0¥ MS/MS tol. + Da ¥ . . . . . . s
- | || | #2C | | / ‘rotem scores are dertved From 1ons scores as #non-probabilistic basis for rankng protem hits.
Peptide charge Moneisotopic &) Average O
Data file C:\Documents and Settings\sz| [ Bowss..
[ Format As HF'eptide Summary

| W
Data format | Mascot generic Precursor |:| mfz Frmifeemes fredeld pe

Error tolerant [] Standard scoring O MWudPIT sforing ® Tons scory or expect cut—off Showr sub-sets D

Report top | AUTO ¥/ hits Show pop-ups & Suppress pop-Up Ul assigned Recuire bold red [
< Select All [ Select Mone ] I Search Selected ] [ Error tolerant )

Peptide Summary Report

&

Decoy [
| start Search.. |

1. gi|57641215 Mass: 34178 Score: 551 (meries matched: 33 emPAT: 2.34
2 Manua/ error to/erance transcription initiation factor IIB [Thermococcus kodakarensis ECOD1]

[¥] Check to include this hit in error tolerant search

Query OCbhserved Mr (expt) Mr (caleo) Delta Miss Score Expect Rank Peptide
& 458.8281 915.6417 915.5025 0.1392 2 60 0.0028 1 F.ALSELDRL.A
2 538.843% 1075.6733 1075.5509 0.1224 o 47 0.046 1 L.STDIGIDRSL.T

[¥]

IEE
2 1





Manual Error Tolerance Search Steps

MASCOT MS/MS lons Search

Your name |Sheng |

Email |sz14@cornell.edu

Search title |Test

User

Email

Search title
MS data file
Database
Taxonomy

Timestamp
Protein hits

: Sheng

i szldfcornell.edn

: Test

: C:\Documents and Settings\szl4\Local Settings)Temp'\maslAB.tmp

: NCBInr 20091010 (9868855 sequences; 3366351629 residmes)

: Archaea (Archaechbacteria) (155008 sequences)

: Error tolerant search of 1 entries

: 14 Oct 2009 at 20:47:42 GMT

: gi|57641215 transcription initiation factor IIBE [Thermococcus kodaka

Database

Taxonomy | . Archaea (Archaeobacteria) V|
Enzyme ¥ Allow up to missed cleavages

Probability Based Mowse Score

Tons score 15 - 10¥Log(P), where P is the probabaity that the observed match 1z a random event.
Protem scores are denved from ions scores as a non-probabilistic basis for ranking protein hits,

_ Fixed [acetyl (K) ~|  Variable [riTRAQ:13C(3)15N(1) (Y)
modifications | Acatyl (N-term) = | modifications |N1pcam (C)

Acetyl (Protein N-term) Oxidation (HW

aldoamine (R)

Amidated (C-term) ¥ Phospho (5T)
Quantitation |N0ne V|

MS/MS tol. +

Monoisotopic &) Average O

Peptidetol. + 1.5 | Da ¥ gic 0¥

Peptide charge 2+ and 3+

Data file C:\Documents and Settings\sz14'\Local Settings\Temp\mas1AB.tmp

Data format Mascot generic Precursor m/z

- Start Search ... |

Error tolerant search

Report top | AUTO ¥ |hits

Mumber of Hits

o T

T T
1600

T T T T
1700 1750
Probahility Based Mowse Score

T T
1650

Peptide Summary Report

[ Format As HF‘epﬁde Summary V| Help
Significance thresheld p< Mlaz, number of huts
Standard scoring O MudPIT scoring @ Tons score or expect cut-off show sub-s
Show pop-ups & Suppress pop-ups O Sort unass@edwecreasing Score V| Bequire bol






Manual Error Tolerance Search Results

gi|57641215 Mass: 34172 Score: 1740 fmeries matched: 54
transcription initiation factor ITB [Thermococcus kodakarensis ECOD1]

Check to include this hit in error tolerant search

Lysine acetylation

Qmery Observed Mr (expt) Mri{calc) Delta Miss Score Expect Rank Peptide
W 2 . . . . . .
26 458.8281  915.6417 915.5025 0.1392 2 60 1 F.ALSELDRL.A
W 2 . . . . . .
62 538.8439 1075.6733 1075.5509 0.1224 O a7 1  L.STDIGIDRSL.T
W . . . . . . + =0. a
] 105 621.9631 1241.9117 1241.6616 0.2501 1 53 1  L.TSGESPAGLVAAAL.Y + [-0.0364 at 4]
W 2 . . . . . .
129 &74.4004 1346.7863 1346.7042 0.0822 1 &7 1 L.STDIGIDRSLTGL.M
W . . . . . . + =0. a
/] 134 453.3840 1357.1300 1356.6714 0.4586 2 36 1 L.FVEPTDYVNEF.A + [-0.0364 at K10]
7 g . . . . . .I + [-0. a
[/] 148 703.3965 1404.7784 1404.7249 0.0535 2 60 1 L.TSGESPAGLVAARALY.I + [-0.0364 at E4]
W . . . . . . + =0. a
/] 150 703.4072 1404.79%7 1404.7249 0.074% 2 (54) 1  L.TSGESPAGLVAAALY.I + [-0.0364 at F4]
¥ 162 724.4659 1446.9172 1446.7718 0.1454 2  (49) 1  L.TSGKSPAGLVAAALY.I + [+42.0106 at $5]
[v] & +42.0106
177 757.8326 1513.6506 1513.6936 -0.0431 O 60 1 Y.VIEENVVDEGPEW.R
¥] 187 776.8522 1551.6899 1551.6495 0.0404 O  (52) 1 Y.VIEENVVDEGPEW.R + [+37.9559 at E12]
[v] El +37.9553
W g8 . . . . . - + + - a —term .
/] 188 518.3130 1551.9171 1551.6495 0.2676 0  (37) 1 Y.VIEENVVDEGPEW.R + [+37.9558 at C-t W
¥| =206 813.9027 1625.7908 1625.8009 -0.0101 1 82 1 L.HDEGLSTDIGIDRSL.T + [-D.0364 at K3]
[v] K —0.0364
240 580.7119 173%.113% 1738.8850 0.2289 2  (45) 1  L.LHDEGLSTDIGIDRSL.T + [-0.0364 at K4]
241 580.7246 173%.1521 1738.8850 0.2671 2  (53) 1  L.LHDEGLSTDIGIDRSL.T + [-0.0364 at K4]
253 594.6780 1781.0123 1780.9683 0.0440 2 60 1 L.LEDEGLSTDIGIDRSL.T + [+42.0470 at 4]
254 594.7963 1781.3672 1780.9683 0.3989 2  (38) 1  L.LHDEGLSTDIGIDRSL.T + [+42 0470 af B1J]
265 610.6933 1829.0580 1830.0801 -1.0221 0  (37) 1  L.IRGRSIEAVIAACVY.A + [+2] Possible Assignments:
269 920.9549 1839.8953 1838.9374 0.9579 2  (50) 1 L.LEDKGLSTDIGIDRSL.T + [+ L
= | amidine (¥) [+41.0265]
- ,
279 944.8916 1887.7686 1886.9527 0.8159 1 ({77) 1 Y.VIEENVVDEGPEWRAF.D + [{pcccoy () [+42.0106)
280 944.9094 1887.8042 1887.9003 -0.0961 1  (66) 1 Y¥.VIEENVVDEGEEWRAF.D Guanidinyl () [+42.0218]
281 630.3186 1887.9341 1887.9003 0.0338 1 (40) 1 Y.VIEENVVDEGEEWRAF.D Trimethyl (K) [+42.0469]
282 630.4111 1888.2115 1887.9003 0.3113 1  (53) 1 ¥.VIEENVVDEGPEWRAF.D el (1) ([R5
Schiff Base +43 (ER) [+43.0184]
283 631.6720 1891.9942 1891.8952 0.09%0 1 (73) 1 Y.VIEENVVDEGPEWRAF.D + [+]
285 949.4550 1896.8955 1897.9381 -1.0426 2 84 1 L.HDEGLSTDIGIDRSLTGL.M + §
287 633.4450 1897.3252 1897.9381 -0.6129 2  (50) 1 L.HDEGLSTDIGIDRSLTGL.M + [40.9476 at E3]
288 633.5028 1897.4866 1896.9541 0.5324 2  (69) 1 L.HDEGLSTDIGIDRSLTGL.M + [-0.0364 at E3]
289 633.7361 1898.1864 1897.9494 0.2371 2  (38) 1  L.HDEGLSTDIGIDRSLTGL.M + [+0.9589 at I11]
291 635.0363 1902.0871 1901.8795 0.2076 1  (57) 1 Y.VIEENVVDEGPEWRAF.D + [413.9793 at Wi3]
297 639.4067 1915.1983 1914.8604 0.3378 1 43 1 F.IYDPSROEIVCEVCGY.V + [-0.0364 at Ki12]
299 960.8977 1919.780% 1919.8501 -0.1092 1 (&8) 1 Y.VIEENVVDEGPEWRAF.D + [431.9898 at P11]
[l eTalal QRT ARNMA 14924 RARD 142F% N21AR =N 13R& > f3an 1 T HNETI STNTRTHRSITAT M + 2 §T+14 N1RT a+ 11/ T1R1
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Proteomics Workshop

Sample prep and complexity
reduction

T. W. Thannhauser





Overview:

* Proteomics workflows
— Sample prep is key
* Samples are complex
— require simplification
e Strategies for complexity reduction:
— Pre-separation (tissue — cells — organelles)
— Protein-centric approaches (2D electrophoresis)

— Peptide-centric approaches (MuDPIT)
— Mixed approaches (GelLC)





Extraction

Proteomics Workflows:

2DE >

Digestion \

—> Digestion

—>

MDLC —_—>

MS +
MS/MS
Analysis

—

Database

Protein ID

FT-ICR

|

ECD

A linear process






Proteomics or Extractomics?

Extraction is the most important step

— Errors introduced here propagate

Often this is step receives little attention
— Methods chosen from literature
— Originally selected due to “good looking gel”

Many are available but which is “best”?
Can compare methods with DIGE

— Difference Gel Electrophoresis





Standard 2D Electrophoresis

-Dissolve
-Reduce
-Denature

Control Treated
IEF
SDS-PAGE & Stain [
- —_— - — -

Scan & Overlay





Dye 1 Dye 2

IPG Strip
Image Dye 1 Image Dye 2

d ™~

\ Overlaid Image /






Experimental details

Equal masses of biological material extracted
— Schizaphis graminum

TCA acetone extraction: Cy3

— Isaacson, et al., Nat Protoc, 2006, 1: 769-74.

Phenol extraction: Cy5
— Saravanan & Rose, Proteomics, 2004, 4: 2522-32.

Multi-detergent extraction: Cy2
— Barrios-Llerena et al. Electrophoresis, 2007, 28:1624-32.

50 Ug protein from each extract — DIGE





Individual images plus an overlay

3 pl 10 3 pl






Enlargement of overlay






Comparison of Extractions

Extraction Number of Mw Range | range
Type Spots J P J
Phenol 1317 +/- 33 | >200KD-6.5KD 3-10
TCA/ 1,567 +/- 57 | >200KD-6.5KD 3-10
Acetone
Multi-
1333 +/- 306 | >200KD-6.5KD 3-10

Detergent






Comparing the Numbers:

In total 1589 protein spots found
— 1259 similar concentration in each extract

TCA: 122 differentially extracted spots

— 36 in Phenol, 36 in MD, 50 unique

Phenol: 128 differentially extracted spot
—36iIn TCA, 16 in MD, 76 unique

Multi-detergent: 80 differentially extracted
—36in TCA, 16 in phenol, 28 unique





Conclusion:

* |f multiple methods are tested one
will be best, but...

* No single extraction protocol is
sufficient.





Proteomic samples are complex:

* How complex?
— Arabidopsis has 2.5 x10% genes
— Splice variants, PTMs, etc. > 10~ -10° Proteins
— Area of a Spot = 7 mm?
— Area of a large format 2-D gel = 50,000 mm?
— Spot capacity of gel = 7,000

— Thus, insufficient to resolve the components of an
entire proteome





Strategies to reduce complexity

* |solate the tissue/cell type/organelle of interest
— Arabidopsis has 2.5 x10% genes

* Chloroplast has only 3.5 x103 genes: much smaller problem

e Separate based on physicochemical properties:

— Protein-centric methods:
* Sub-fractionate proteins - digest -> MS
— Peptide-centric methods:
* Digest proteins - fractionate peptides > MS

— Mixed methods
* Fractionate proteins - digest -> fractionate peptides - MS





Schematic of protein isolation:

AN N

VAN
E. coli - ”
Grow cells Pellet cells French Pellet
press debris
Pellgt Pellet
Protein proteins Wash proteins Transfer

pellet supernatant



http://www.google.com/imgres?imgurl=http://www.piramoon.com/Graphics/rotors/F10-6x500y.jpg&imgrefurl=http://www.piramoon.com/rotoroverview.php&usg=__8ao5KNsOVt6wr7MUdZWXSwAlGzw=&h=317&w=300&sz=58&hl=en&start=89&tbnid=gN2nCrl3uJ4nPM:&tbnh=118&tbnw=112&prev=/images?q=beckman+rotors&ndsp=21&hl=en&sa=N&start=84

http://www.google.com/imgres?imgurl=http://www.piramoon.com/Graphics/rotors/F42L-8x100.jpg&imgrefurl=http://www.piramoon.com/rotoroverview.php&usg=__VRwtZunI19_8GDG3sEfdFaV2nvA=&h=377&w=429&sz=118&hl=en&start=88&tbnid=5xPLSLhS6uh_4M:&tbnh=111&tbnw=126&prev=/images?q=beckman+rotors&ndsp=21&hl=en&sa=N&start=84

http://www.google.com/imgres?imgurl=http://www.piramoon.com/Graphics/rotors/F42L-8x100.jpg&imgrefurl=http://www.piramoon.com/rotoroverview.php&usg=__VRwtZunI19_8GDG3sEfdFaV2nvA=&h=377&w=429&sz=118&hl=en&start=88&tbnid=5xPLSLhS6uh_4M:&tbnh=111&tbnw=126&prev=/images?q=beckman+rotors&ndsp=21&hl=en&sa=N&start=84

http://www.google.com/imgres?imgurl=http://www.piramoon.com/Graphics/rotors/F42L-8x100.jpg&imgrefurl=http://www.piramoon.com/rotoroverview.php&usg=__VRwtZunI19_8GDG3sEfdFaV2nvA=&h=377&w=429&sz=118&hl=en&start=88&tbnid=5xPLSLhS6uh_4M:&tbnh=111&tbnw=126&prev=/images?q=beckman+rotors&ndsp=21&hl=en&sa=N&start=84



15t Dimension Separations:

*SDS-PAGE
*SCX

OffGel IEF





Protein Centric Method:
SDS-PAGE






Schematic of workflow

o 5
~ &)
P wi
= kS
= E
= ~N
[ ! ..‘_,,‘ ‘h—“—j
:1 (o
Reduce s Digest
250 KDawew Alkylate Trypsin E
| ——
m—
S
Reduce 3 Digest
— Alkylate Trypsin
-

| ReduceE DigestE
Alkylate E Trypsin E





Protein reduction with excess TCEP

O OH
j\/\ 8 M Urea
+ >

0 0
H E(\/P\/TJJ/ H 7

Alkylation with lodoacetamide

pH>7

@—SH + [CH>CONH; —= @—SCHQCDNHE +H Y+ I



http://upload.wikimedia.org/wikipedia/commons/8/8d/TCEP.png



Potential side reactions w/activated halogen reagents:

H NH H N—CH,CONH
®7sz + ICH,CONH, "5 2{\ 2 2 G H 4T
NJ

CH3

pH 2-8.5 yd
@-S-CHQ, + |CH200NH2 —> 'S+ + I
\CH,CONH,

H> 8.5
@—NH2 + ICH,CONH, ' — —NH-CH,CONH, + H* + I





MuDPIT:

Shotgun approaches

Reduce : Digest : Acidify
Alkylate Trypsin Spin down

Ready for 15t dimension
separation





Schematic of SCX pre-fractionation of peptides

Reservoir
A

pH3
Low salt

raction

Reservoir |

B UV Detector

215 nm

pH3
High salt





Strong Cation eXchange (SCX) separation of tryptic peptides:

i

<«—— Conductivity

Fractions





OFFGEL Fractionation

 Employs isoelectric focusing (IEF) as a first
dimensional peptide separation

* Uses standard 13 or 24cm IEF strips

* Wells sit on top of strip, allowing peptides to
diffuse into the strip, focus to their isoelectric
point (pl), and diffuse back out





Agilent 3100 OFFGEL Fractionation






OFFGEL Fractionation

Sample OFFGEL setup using a 13cm (12 well) strip

IEF strip gel
12 well insert

|EF strip backing Sample well (exposed IEF gel)






OFFGEL Fractionation

Sample is digested with trypsin (or other suitable enzyme),
cleaned up with a reverse-phase cartridge and re-
suspended in OFFGEL buffer. An equal aliquot is pipetted
into each of the 12 wells.

N

\’Q/ 7

;’25 Tryptic digest






OFFGEL Fractionation

Voltage is turned on and peptides begin to migrate through the
strip towards their pl

g

After several hours the peptides have focused at their pl on the
strip and diffused into solution. Approximately 70% of the

peptides find their way into the “correct” well. 30% end up in

the wells to either side

-






OffGel Electrophoresis:
(The Movie)

pH 4.19 pH 4.57 pH 4.95 pH 5.33 pH 5.70 pH 6.05 pH 6.43 pH 6.81
~ X ~_ R ~ - - ~_ ~C
~ U e M S e S e SR et R

IEF Strip






OFFGEL Fractionation

After focusing is complete, the buffer (containing the
focused peptides) is removed from each well to its own
separate tube. The pH of each tube is measured, and
samples are again cleaned by reverse-phase extraction

N

|

|

|

|

N
=k

iclol

N
~~7

Ve
A\

y






Sample pH graph for 12 well OFFGEL fractionation
on a 3-10 linear IEF strip

Fraction






OFFGEL Fractionation

e Compare measured pl to predicted pl of identified
peptides.

 Reduces predicted FDR by a factor of 2-3.
* More importantly:

— Highlights specific peptide identifications which are likely
to be false.

— Increases number of identifications by 30-40%

— Peptides identified are complementary to those identified
using other 1%t dimension techniques (i. e. SCX).





2"4 Dimension Separation

* Almost always reverse phase chromatography
at low pH:

— 0.1% formic acid, pH = 2
— Nano scale:

* Analytical column dimensions: 150 mm x 75 pM
 Typical flow rate 300 nl/min

— Usually involves trapping

* Seldom uses direct injection

— Valve configuration critical





Injection Configuration:

Trapping






By pass

Trapping Configuration

Loop

Trapping
Flow

Injector

Waste

Analytical
Flow

Analytical

Column
Trap






Running Configuration:

Trapping






Schematic of direct flow nano-LC

Trap

Reservoir
A
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Base Peak Chromatogram
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Mass Spectrometry-based Proteomics Workshop

October 20th and 21st 2009

Supported by NSF Plant Genome Program
Instruction: Drs. Joss Rose and Ted Thannhauser and Sheng Zhang
Location: Cornell Proteomics & Mass Spectrometry Core Facility

Proteomics...

Systematic isolation, visualization and characterization of
protein populations
....organisms, tissues, cell types, organelles...





The “-omics” family

Protein Metabolite
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Amino acid 3-Letter code 1-Letter code Codons
Alanine Ala A GCC, GCU, GCG, GCA
Arginine Arg R CGC, CGG, CGU, CGA, AGA, AGG
Asparagine Asn N AAU, AAC
Aspartic acid Asp D GAU, GAC
Cysteine Cys C UGU, UGC
Glutamic acid Glu E GAA, GAG . " .
Glutamine Gln Q CAA, CAG BIOIOglcaI Functlon
Glycine Gly G GGU, GGC, GGA, GGG
Histidine His H CAU, CAC
Isoleucine Ile I AUU, AUC, AUA
Leucine Leu L UUA, UUG, CUA, CUG, CUU, CuC
Lysine Lys K AAA, AAG
Methionine Met M AUG
Phenylalanine Phe F uuc, uuu
Proline Pro P CCU, CCC, CCA, CCG
Serine Ser S UCU, UCC, UCA, UCG, AGU, AGC
Threonine Thr T ACU, ACC, ACA, ACG
Tyrosine Tyr Y UAU, UAC
Tryptophan Trp W UGG
Valine Val A% GUU, GUC, GUA, GUG

“Stop” — —_ UAA, UAG, UGA
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Major Developments in Proteome Analysis

e Protein Extraction and Fractionation

e Mass Spectrometry

e Bioinformatics I |





- Information needed:
- Quantitative, qualitative, steady state, dynamic...
Experimental - Replicates:
design - Biological vs. technical replicates
- Expectations
- Hypothesis generation or hypothesis confirmation?

Protein extraction Mass spec Bioinformatic

and preparation analysis analysis

- Generation of raw data - Data interpretation
- Sample handling | |

- Consistency |
MIAPE Guidelines






- Protein Extraction and Analysis

-Biochemical heterogeneity/structural variability:
solubility, charge, hydophobicity, size
-Stability and contaminants

-Abundance limitations. Non-amplifiable (no
protein PCRY!)
-Temporally and spatially complex (different
tissues and cell types), native vs. denaturing
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Increasing the proportion of the detectable proteome
Currently

- Biochemical pre-fractionation....liquid chromatography

- Biological pre-fractionation...organs, tissues, cell types, organelles

Subcellular Proteomics Projects

Nucleus

Vacuole

Chloroplastand Tonoplast

associated membranes

Plasma membrane

Endoplasmic reticulum

Peroxisome

Golgi





Subcellular Fractionation

16% sucrose

Homogenate

o During centrifugation,
organelles migrate

Tavenia > —_— through the gradient
dmg;)irty until the density of
gradient Centrifuge g‘:f;ﬁzﬁdﬁ
© 1he gradient assembly
48% : is centrifuged for 2 h
% sucrose at 40,000 rpm.
B Asucrose gradient © Ilhecleared

is formed with 48% homogenate is

sucrose in the bottom carefully layered

of the gradient and 16% on top of

@ The centrifuge tube is punctured at the bottom and the gradient fractions are collected
(fractions can also be collected from the top of the gradient by aspiration).
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@ 1he fractions are assayed for marker enzyme activity (or used for immunoblots).
Here, callose synthase, NADH-cytochrome ¢ reductase, and vacuolar pyrophosphatase
serve as markers for the plasma membrane, ER, and tonoplast, respectively.
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Rough endoplasmic
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Smooth endoplasmic reticulum
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Concentrating Proteins and Buffer Exchange

Dialysis
Start of Dialysis Equilibrium
1) Precipitation e i
- “salting out” (( )
- solvent N\
j\L"\_ \ll/ _—Dialysis _

2) Ultrafiltration

3) Lyophilization

MWCO

—>
Membrane

4) Solid PEG dialysis

| Centrifuge





Liquid Chromatography (LC)

- Size Exclusion Chromatography/Gel Permeation Chromatography

Mixture of

3 proteins

/

Porous

particles Column

(0] 2 .
/\ /\ 1955 CHF
— — Small Large

mmﬂéi;*}ji (amone) ) molecule molecule
Ir e tacath

Amount of protein

Volume eluted

Size-exclusion chromatography (SEC), also called gel-permeation chromatography (GPC), uses
porous particles to separate molecules of differentsizes. It is generally used to separate
biological molecules and to determine molecular weights and molecular weight distributions of
polymers. Molecules that are smaller than the pore size can enter the particles and therefore
have a longer path and longer transit time than larger molecules that cannot enter the particles.





Key: @ Large net positive charge
@ Net positive charge
- IEC (lon exchange chromatography) © Net negative charge
® Large net negative charge
Cation and anion exchangers may be broken down further into
weak and strong exchangers (reflecting binding affinity).

Type of exchanger | Functional group Common name
Weak cation Carboxvmethvl CM
exchanger Xy Y cellulose/sephadex

Strong cation

exchanger Sulfopropy! SP sephadex
Weak anion . ) DE
exchanger Diethylaminoethyl cellulose/sephadex

Strong anion . T e
uaternary amine AE sephadex
exchanger Q i Q . Polvmer beada

with negatively
charged
funetional groups
Protein A @ Protein B @ .
(pl=9.0) (pl=7.5) 'Tfl JJG'
l _ l Protein mixture iz added
to column contaiming
Buffer pH is substantially below Buffer pH is slightly below cation exchangers,
the pl so protein A will have a the pl so protein B will have a
strong positive charge. weak positive charge. Proteins move through the
column at ratea determined
by Lheir net charge at the
pII being nsed. With cation
) ) . ) exchangera, proteins with
Use a weak cation exchange resin Use a strong cation exchange resin a more negative net charge |
move fpster and elute earlier.






3) HIC (Hydrophobic
Interaction Chromatography)

Stationary Phase

Strength of hydrophobic interaction
increases with chain length (alkyl systems).
Commeon chain lengths = C4-10.

Membrane proteins are not v. soluble at
high salt concentrations. - Use long chain
lengths to increase HI.

Aromatics and phenyl (~ equivalent to C5)
groups also used.
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1-D SDS Polyacrylamide Gel Electrophoresis

(SDS-PAGE)
cathode
ULI‘LTLWTLW UL =
Molecular | ™ == == == == == = = =
Mass —
— +
Mw anode
Standards

Western analysis

- Extraction
(stability, subcellular
fractionation, purification of
protein complexes)
-Solubilization in Laemmli buffer
(SDS, reducing agents) or
non-denaturing buffer
-Electrophoresis
(basic buffer plus/minus SDS)
-Zymograms
(activity assays)
-Staining
(coomassie, silver and
fluorescentdyes)

L

Transfer to Band
membrane >< excision
\ Polyclonal Protein

Ab production sequencing






Denaturing electrophoresis of proteins

SDS:

- anionic detergent
- effective solubilizing agent for a wide range of proteins

- denaturing agent

- most proteins bind SDS in a fixed ratio of 1.4g SDS:1g protein
S0 a negative charge is conferred in direct proportion to the polypeptide
mass. Therefore, proteins migrate in SDS-PAGE gels according to their
molecular weight and not their intrinsic charge

Reducing agents (dithiothreitol [DTT] or f-mercaptoethanol):
- disrupt disulphide bonds

Native gel electrophoresis of proteins

- proteins separated on basis of molecular weight and intrinsic charge

- may allow proteins to maintain biological activity

- only applicable to proteins that are soluble and will not precipitate or aggregate
during electrophoresis





DETERMINE MOLECULAR WEIGHT BY SDS PAGE

In lane 1 we run three standards: BSA,

chymotrypsinogen, and lysozyme

In lane 2 we run an unknown in the absence of

BME

In lane 3 we run the unknown with BME

We observe the data shown at the right and

tabulated below.

Protein Mw log MW | r (MM)
BSA 67,000 |4.83 30
chymotrypsinogen | 24,000 | 4.38 63
lysozyme 14,000 |4.15 80
unknown -BME ? ? 33
unknown#1 +BME | ? ? 43
inknown#2 +BME | ? ? 74

Graphing the data we see:

4.9

Log MW

Migration r (mm)

Std -BME +BME

40—

60—

80—

r=Migration distance (mm)

The log MW of unknown -BME
=4.79 .. MW = 62,000

With BME log MW #1 = 4.65;
MW = 45,000

log MW #2 = 4.23;
MwW = 17,000

Conclusion: unknown is
heterodimer with one chain
of 45 kDa and one of 17 kDa,
linked by a disulfide bond.





Protein Sequencing and Identification

]
Liepman and Olsen (2003) \\‘9'
PlantPhysiol. 131:215-227 & &® o &
Q C)

55—
42.7— \
Biological or
Biochemical —
. 1.0 19 4.2 554 58.3
ACtIVIty GGT Purification factor

Several Approaches..... _ :
Protein Sequence

N-terminal Sequencing
Edman Degradation Chemistry
NH; (KHE-L-W-E-E-cooH

Cycle 1 1”ri}t}upling (§ Sn=c=s PITC)
. ;
|
—N—O-E-HL-M-EE)- cooH
Acid
s cleavage
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b+ NH; (SHO-(DHEE) COOH
|
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Gﬂﬁ@ COOH

Cleavage
e
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2-D Gel Electrophoresis

Isoelectric point (pl)

Molecular
Mass
0 000

Reproducibility Resolution





1980s: Immobilized pH gradient (IPG) technology

- 1000s of spots on a single gel
- highly reproducible

- load mgs of protein

- narrow range pl analysis

200
IPGpH4-7 3> % 95

Gorg et al. (1999) Electrophoresis 20: 712-717

IPG 5.5-6.7

Limitations include hydrophobic

>700 spot i I
5.6 spots 6.6 low abundance and insoluble proteins






_ _ o _ _ Coomassie-stained 2D gel PVDF blot: sequencing/MS
Detection stains: SenS|t|V|ty VS. quantitation ‘

Coomassie Blue (various formulations, ,:
cheap, easy, less sensitive) RS Lot
s R
& ; -

94

a3

SYPRO Ruby k §

- low level of detection (1-5 ng)
- compatible with mass spectrometry
- linear over 4 orders of magnitude

Fluorescent
staining

Silver
Staining + 3D plots of same spot areas on gel

. Difference only obvious with fluorescence






Addressing the bottleneck: 2-D Differential In-Gel Electrophoresis (DIGE)

Protein extract 1 »Mix labeled extracts 4 — Protein extract 2
Label with fluor 1 Label with fluor 2

(Cy5) | _? (Cy3)

|

Image gel

Excitation

Excitation
wavelength 2

Wavelength 1

Image analysis:
Overlay images

Analysis of difference

\ ‘ Image analysis:
Data quantification
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MS workshop Experiment 1 & 2 10/15/2009

Protocol for in Solution Tryptic Digestion:

Sample preparation:
1. 50 pg of Ecoli crude cell extract in 5ul of 6M Guanidine/50mM Tris-HCI pH 8.0
buffers.

Note: The proteins have already been denatured in 6M Guanidine.

Reduction and Alkylation:

Add 1.5 pL of 50 mM TCEP stock solution

Mix and spin down sample

Incubate at 95°C for 10 min

Allow sample to cool down to room temperature and spin down to collect any
condensation

Add 1.2 L of 100 mM IAM into sample

Mix and spin down sample

Incubate at room temperature for 1 hour in dark condition.

Add 1.2 pL of 100 MM DTT to quench the IAM and wait for 10 min at RT

HPwnh e

o~ oo

Trypsin Digestion:
1. Add 36 pl of 10 mM Tris-HCI pH8.0 buffers to dilute Guanidine concentration
2. Add 5uL of 1pg/ pl Trypsin to the sample in a 1:10 ratio of Trypsin:protein
3. Mix and spin down sample
4. Incubate at 37°C for 5 hour

Stop trypsin reaction:
1. Add 150 pl of 0.5% formic acid to inactivate trypsin activity
2. Inject 2 pl of above sample for nanoLC-MS/MS analysis in either 4000 Q Trap or
Synapt Q-TOF HDMS analysis

Stock solutions:

TCEP [Tris(2-carboxyethyl) phosphine]: 50 mM in H,O
IAM (iodoacetamide): 100 mM in H,O

DTT: 100 mM in H,0O

Trypsin: 1pg/pl in 50 mM acetic acid

Tris-HCI buffer: 50mM pH8.0/10% ACN

0.5% Formic acid






Mass Spectrometry & Proteomics:
Fundamentals and Applications

Sheng Zhang

Director, Proteomics & MS Core Facility,
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Overview

> Fundamentals of Mass Spectrometry
Technologies

» Applications of Proteomics (case studies)

* Protein Identification by GeLC-MS/MS
v'Non-targeted DDA vs targeted-based MRM-DDA

- Quantitative proteomics

v iTRAQ-based shotgun and MRM analysis
 Protein PTMs

v'Phosphorylation and N/C-terminal determination
* Protein-protein noncovalent interaction

v A ternary mixture involved in bacterial chemotaxis





Fundamentals of Mass
Spectrometry





Basic Components of Mass

Spectrometers
Inlet lon Electronics
HPLC Source Mass analyzer Detector control
Syringe pump system
Vacuum system Data
system






lon Source:

Electron ionization: M+e —> M* + 2e-
Chemical ionization: M+ [B + H]* —> [M + H]* + B
Matrix-Assisted Laser Desorption/lonization (MALDI)
Electrospray lonization (ESI)

hoODbN=

MALDI

o e S e sevofe TOF mass
. . : G MH*  spectrometer
WE ’

e ® © 08w )
.5 000

[
(J
'y ) '..
@ 90000900 © 9900 070 O

——

High vacuum
Sample on target at high argét 9

voltage/ high vacuum

MALDI is a solid-state ionization technique that ionizes sample molecules out of
crystalline matrix via laser excitation.






Electrospray lonization----ESI| Theory

Atmosphere Low vac. High vac.

8 x 103 Torr

NEBULIZATION

electrons

ESI is a solution technique that generates a continuous stream of ions by a
3-step process: droplet formation, droplet shrinkage and ion desorption






Comparison of Two LC/ESI lon Sources

LC-Interface (turbo ion source)

4-20 pl/min
— 4+ 2. .6K\——  SKmmer
Octapol
Transfer-Linse
1. Quadrupol
Nebul p I /Analysator
ebulizer
N2-gas flow = _—— R S S > |on detector
I’ RN — —‘I ]
LC-
Capillary
25-50 ymi.d.

NanoESI ion source
0.2-0.5 ul/min

I Flow rate‘: 20 folds I

2-10 um i.d. -






Two ESI Mechanism Models

* JoN DEsorPTION

EC |
o ] MECHANISM

@) -

*+ CHARGED RESIDUE
MECHANISM

T S A e o S S s . wms W

Applies to ions with
significant surface
Activity (hydrophobic
Molecules: peptide,
Fatty acids etc.).

Applies largely to
hydrophilic species
Molecules: protein,
metal cations.





lonization Methods for Proteomics
ESI vs MALDI (complementary)

- ESI Advantages  MALDI Advantages
— Direct coupling of LC to MS — Offline coupling of LC to MS
— High quality MS/MS data — Not time limited for MS/MS
— Gentle ion source for protein — Low and high mass MW

Interaction studies peptides

— Excellent for quantitation — Allow sample re-analysis
— Good for small molecules — High tolerance to salt

- ESI Disadvantages « MALDI Disadvantages
— Limited time for MS/MS — Usually low quality MS/MS
— No repeat analysis — Not for NCI studies

— Low tolerance to salt — Not first choice for quantitation





Mass analyzers

> Mass analyzer performs two vital functions:
v Sort all ions according to their mass-to-charge (m/z) ratio
v Focus all mass-resolved ions at a single focal point.

> The nature of mass analyzer determines key parameters of
mass analysis:
v mass resolution
v/ mass accuracy
v/ mass range
v’ scan speed
v linear dynamic range, sensitivity, ion transmission efficiency, etc.

» Most common mass analyzers:
v Quadrupole mass filter (based on trajectory stability)
v" lon trap mass analyzer (based on m/z resonance frequency)
v’ Time-of-Flight mass analyzer (based on velocity)





Recognizing Multiply-Charged lons

Substance P
SUBPOT 1 {08440 Sm dha, 2x00800: Sh(1.36.00) Scan B3+
. ) 6747 RPKPQQFFGLM 6.20a7
-1 C63H98N18013S
Substance P h‘[-ﬁ-l“] 2o
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(MHp T
| ik
i
- 1Da || \bharge =1/A amu
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Mass spectrometers operate on the basis of mass-to-charge ratio (m/z)
Carbon isotopes of doubly charged ions are separated by 0.5 Da






Mass Resolution and Mass Accuracy
50 fmol/ yL EGVNDNEEGFFSAR

Peak width @50% = 0.3764 amu

M+2H]2*
7865, 785.920 | ] 785 920
7.0e5 m 785920 RP = 03764 - 2088
6.0e5i /FWHM
o L
%S.OeSf
g. ]
g 4.0e5 __m Accuracy: Am/m x 10 = ppm
£ 786.880 RP = Vi
= 3.0e5
| 1569.8244 - 1569.6696
2.0e5 1569.6696
1-0e51 = 98.588 ppm
600 650 700 750 800  850] 900 950 1000
m/z,amu , ;.5
1.0e5]
788.000
788.400
0.0
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Quadrupole Theory

» Four metallic rods arranged symmetrically
% (my) as two sets in a square array.
—_— * A combination of RF and DC voltages are
_ % applied to each pair of rods.
- — * Produce a complex, oscillating movement

e \ Quadrupole of the charged ions as they move across the Q.
Injector Hole ’ » Under a set of defined DC and RF potentials,
ions of selected m/z value pass through the Q.
The voltage applied to an opposing pair of rods:
¢ = U - Vcos ol
Prefilter Quadrupole Mass Filter

The voltage to the other pair of opposing rods:
¢ =-U + Vcos ol

Rejected ions

/ \ Stable ion

i

U = DC Voltage
V = RF Voltage
® = RF frequency (1 mHz)






A Stability Diagram: ions are separated in a quadrupole based on
the stability of their trajectories in the oscillating electric fields

m, Stable Neither lon Stable

\ 4

DC Voltage

U

m,4 Stable

V = RF Voltage

m4 and my Stable






Quadrupole Mass Filter with U/V = Constant:
Example of Better Quadrupole Operational Line

m, passed

m, passed

m, passed >1

my

| rh/z






Time-of-Flight Mass Analyzer

Tﬂf] ];391‘;““ XYI Gas in cISI(! | N zTnF 2 // Detectors._
g N, L | T

ii - 11Ul _"””|—_| ””l IU'I_Ionflightpathinfieldfreeregion l
. || _ TR

. NI
I Lens Beam XY\ll_< VFs}ucez Beam XY | T |_

Sourcel 1 Deflector2  Collision ..,

4

Deflector 3

Source 1  Grid Cell Mirror
m *v2 v An ion is given a fixed amount of KE by acceleration
KE=V*z= - in an electric field generated by high voltage (20-30kV).
1/2 v The ion enters a field-free region traveling at a
2*V*z velocity that is inversely proportional to its m/z.
V= |eeccceee=-
m v The time required for the ion to travel the length

of the field-free region is measured.

1/2
t= ce- = L * feemeeee- v The travel time is to used to calculate the velocity
and ultimately the m/z of the ion.





Time-of-Flight Mass Analyzer
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Schematic Diagram of MS vs MS/MS

Mass spectrometry

Y
\ 4

lon M Detector (MS)
source ass
analyzer
: 1 i Tandem
L MS
lon Mass Collision Mass Detector
source analyzer 1 CID%?ICI:AD analyzer 2
Triple quadrupole 3D Ion trap
Quadrupole TOF Linear Ion trap

Hybrid quadrupole linear ion trap Fourier transform (FTMS)





Comparison of Tandem Mass Spectrometer’s Features

Sensitivity ++++
Resolution + ++++ ++
Accuracy + ++++ ++
Quantitation ++++ ++ ++
Scan speed ++ +++ ++++
Mass range + ++++ ++

Dynamic range ++++ ++ +++





MS Scan Modes
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MS Scan Modes

Selected lon Monitoring
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V . — [ [L
‘. o
SIM °
TTEEEEEmsssnn, TOEe 2SS 20 40 60
Q1 q 2 Q3 Time (min)
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Sample Delivery: Infusion vs On-line LC

TIC of Infusion

- _— _— * >
| e n
Time (min)

* Extended analysis time
» Clean sample required
* More samples needed
* Relatively low sensitivity

TIC of LC/MS/MS

p— *

« Limited analysis time fof each ion
 Less sample required
* No pre-analysis cleanup

* High sensitivity .
:........... |R4
* . o o NH C N N C— COOH
. . °
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—» ° . :

a; by 01






Hybrid Triple Quadrupole/Linear lon Trap
Technology on the 4000 Q TRAP® System

Orifice ~ Skimmer

Curtain Plate
LINAC® Exit Lens

Collision Cell






Video Shows a Hybrid Triple Quadrupole/Linear lon
Trap Analyzer on the 4000 Q TRAP® System

AR Applied ) /M’a—sfﬁ.nalﬁical

Biosystems Technologies
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Relative Abundance

Data-Dependent Acquisition & Dynamic Exclusion

DDA/IDA
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Targeted Approaches by MRM-Triggered IDA

* For confirmation of Quantitation Results

» For targeted “fishing” or ID in a sample
— Quantitative information is a bonus

Target MRM to screen
Target MRM for phosphopeptides
QqQ mode or any target peptide
e Add to

LIT mode

Acquire MSMS Spectra MS/MS to confirm
phosphorylation sites

or target peptide sequence






Cornell MS Facility





Facility Instrumentation

Tools for Sample Separation and Preparation
HPLC system:
. 2Dcap Ultimate LC, Agilent 1100, 2DnanoAcquity UPLC

2D Gel System:
. Multiphor Il IEF + 3 vertical 2" PAGE: DALT Twelve, Six, SE600
. Gel image system (2): Typhoon laser scanner, ImageScanner

Gel Spot and Liquid Handling Robots (2)
. ProPic & ProPrep

Tools for Analytical Analysis
MALDI-TOF/TOF 4700 Analyzer
ESI: 4000 Q Trap, Synapt HDMS, Esquire, LTQ-Orbitrap Velos*

Bioinformatics Tools (2)
Gel image analysis software: DeCyder 6.5, ImageMaster 6.0
Search engines: Mascot 2.2, ProteinPilot 2.0, PLGS 2.3
Others: MarkerView 1.2, MRMPilot 1.0, MRMQuant 1.0
LIMS: for data storage, extracted data output and report










MALDI-TOF/TOF 4700 Proteomics Analyzer
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Synapt HDMS System
Hybrid Quadrupole / IMS / oa-ToF
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Overview of Proteomics Workflows

ProteinNmixtures

{ 3

In-solution
digestion

Peptide
\1, separation

Bottom-up
proteomics

1-D/2-D gel

Sk separation

M »“ LLLLL i x‘) J, mL | | In-gel digestion

0 10 20 30 40

pH gradient

/extraction

SCX OffGel

\ J
|

10 y
Time (min)

nLC/MS/MS

MS/MS

CID, PSD, ETD

MALDI

— = nesi

Protein

—_—

identifications

200 400 600 800 1000 1200
m/z

Top-down
proteomics

Protein
separation

Ju. |

10 12 14
Time (min)

FTICR or
Q-IMS-TOF

' JJHM h ‘“UUJ“L

Deconvolute and deisotope
the charge state spectrum

H| J SR

Database search or de novo
sequencing






“Shotgun” Protein Identification by LC

Protein :
, Peptides
mixture
0000000 ..
* .} L. _
—_—) ‘. ® [ J
—> e ‘ ° @
.l112.lljl4.._‘1l6.‘j _' : ) g )
Time (min) ecccccccesd 200 400 600 80010001200
RPLC Q1 q2
Collision Cell MS/MS Spectrum
Correlative
sequence database
searching
200 400 600 ,%(}2 10001200 l 200 400 600 8(}0 1000 120
m/z

Theoretical Protein identification Acquired





Gel-based Proteomics Workflow

I
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Shotgun-based Quantitative Proteomics

Sample

Tag Peptide Mixing :
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Small Molecule Profiling Workflow

» Generate peaks files .
» Normalize and align MarkerView ™

- Data analysis: €< Software

v T-test
v PCA

i} s
< I £ [0 iy W N 19729 B2 207 vhien o RTS8 AL S
#
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MS Applications to Proteomics and
Protein Characterization

> 2D gel protein expression profiling

» Protein IDs by discovery and targeted techniques
» Quantitative proteomics for biomarker discovery
» Characterization of protein phosphorylation

> Peptide mapping for N- /C-terminal determination

» Protein complexes: protein-protein interactions





Comparison of 2D Gels of E coli Extracts (100 pg)
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E coli Spots Selected for Robotic Picking up on Sypro Ruby Stained Gel
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Spot Intensity on Protein ID Rates for Sypro Ruby Stained 2D-gel

No IDs
M ID by nLC-MS/MS
120 W ID by MALDI
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Protein IDs by Non-targeted & Targeted Modes

Sample
m P

Lysate Control

C18 RP

Nano column (
— I

Tissue
Transglutaminase






No Targeted Protein ldentified by DDA

user
Email
Search title

Mascot Daemon
sz14@cornell.edu
NCEINrHuman (BEoLil10198869re_08)

MS data file
Database
Taxonomy
Timestamp
Enzyme

Trypsin

variable modifications : Carbamidomethy1 (C).Oxidation (M)

Mass values : Monoisotopic
Protein Mass : unrestricted
Peptide Mass Tolerance : + 1.5 Da
Fragment Mass Tolerance: + 0.6 Da
Max Missed Cleavages : 1

Instrument type : pefault
Number of queries : 3314
Protein hits : ai|306891

gii15414619]

Qil11935049
il19007 4

i|5031863

il187387
Qil11529867§
0ili1867 7767

Qi [55666251
gii80292
Qili1381142
qi|5729877
gij131321601
1281150
gi|5031631
01119617032
gi|1478281
6912482
gi|52545928
13602394
gi|13225075
2627129
gi |6005942
gi|5107666
gi 190207
gi|173832
gi 4505891
ai | 4067 4640
il45034832

s (o [ [l [l [t [l [t [omd fmt s [t [t [y [t [ [

50 protein IDs

30kDa heat shock protein

heat shock protein 20kDa alpha (cytosolic), class A member 1 isoform 2 [Homo sapiens]
keratin 1 [Homo sapiens]

Tysy1 hydroxylase

galectin 3 binding protein [Homo sapiens]

unnamed protein product [Homo sapiens]

phospholipid transfer protein isoform a precursor [Homo sapiens]

axidized protein hydrolase [Homo sapiens]

keratin 9 [Homo sapiens]

unnamed protein product [Homo sapiens]

solute carrier family 3 (activators of dibasic and neutral amino acid transport), member 2 isoform a [Homo sapiens]
ATP-dependent DNA helicase II [Homo sapiens]

myristoylated alanine-rich C-kinase substrate

complement component 3 precursor [Homo sapiens]

leucine rich repeat containing 15 [Homo sapiens]

Keratin, type II cytoskeletal 2 epidermal (Cytokeratin-ze) (CK 2e) (kze) (keratin-2)
78 kDa glucose-regulated protein precursor (GRP 78) (Heat shock 70 kDa protein 5) (Immunoglobulin heavy chain-binding protein) (BiP)
hypothetical protein DKFZp762H157.1 - human (fragment)

CD44R1 [Homo sapiens]

threony1-tRNA synthetase [Homo sapiens]

Chain A, Crytal structure Of The Ectodomain Of Human TranstTerrin Receptor
fibronectin

moesin [Homo sapiens]

pyruvate kinase [Homo sapiens]

hypothetical protein [Homo sapiens]

keratin type 16

BOK-H protein

alpha-1 collagen VI (A4 574-1009) [Homo sapiens]

unnamed protein product [Homo sapiens]

extracellular matrix protein 1 isoform 1 precursor [Homo sapiens]
phosphofructokinase, platelet [Homo sapiens]

alpha 1 (I) chain propeptide

Hs-CUL-1

heat shock 7okDa protein 8 isoform 1 [Homo sapiens]

phosphofructokinase, platelet [Homo sapiens]

Hs-CUL-4B

scavenger receptor class B, member 2 [Homo sapiens]

keratin &8, isoform CRA_a [Homo sapiens]

neutral amino acid transporter B

leucine zipper-EF-hand containing transmembrane protein 1 [Homo sapiens]
hypothetical protein [Homo sapiens]

type VI collagen alpha 2 chain precursor [Homo sapiens]

quiescin Qs sulfhydryl oxidase 1 isoform a [Homo sapiens]

polyubiquitin [Homo sapiens]

valosin-containing protein [Homo sapiens]

Chain A, Structure of Importin Beta Bound To The Ibb Domain of Importin Alpha
poliovirus receptor

calnexin

procollagen-lysine, z-oxoglutarate 5-dioxygenase 3 precursor [Homo sapiens]
INGAPL protein [Homo sapiens]

eukaryotic translation elongation factor 2 [Homo sapiens]

=l

\Wwphoenix.biotech. cornel 1. edu\GROUP_SHARE MS\Sheng backup\Analyst data since 24Julos\Projects\2009_07_16Data\10Aug0S \BoLi110198869re_8.wifT
NCEBINr 20080728 (6822826 sequences; 2262426297 residues)
Homo sapiens (human) (185480 sequences)

9 Oct 2009 at 19:28:29 GMT






Targeted Protein Identlfled by MRM- Trlggered DDA

— . . L= — I
Search t1t|e ! NCEINrHuman lBoL1iiﬂ§EEE§ﬁRMIDA_26J

Ms data file \\phoenix. biotech. cornell. edu\GROUP_SHARE\MS\Sheng backup\Analyst data since 243Jul06\Projects\2009_07 lﬁnata\04Au909\BoL—|

patabase : NCBINr 20080728 (6833826 sequences; 2363426297 residues)
Taxonomy : Homo sapiens (human) (185480 sequences)

Timestamﬂ : 9 Oct 2009 at 19:18:59 aGMT

Protein hits : g1 139777597 +transglutaminase 2 isoform a [Homo sapiens]

g1 1177207 4F2 antigen heavy chain

g1 17020236 unnamed protein product [Homo sapiens]

g1 1120659926 Hypothetical LOC284297 [Homo sapiens]

Qi|6137581 Chain A, crytal structure Of The Ectodomain Of Human Transferrin Receptor

Probability Based Mowse Score

lons score is -10*Log(P), where P is the probability that the observed match is a random event.
Individual ions scores = 42 indicate identity or extensive homology (p<0.05).
Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits.

N\

) [
=) 5]

[
2]

Humber of Hits

Four peptides were detected for the targeted protein

[
=)

o

E=3

0 25 ] 75
Probability Bazed Mowse Score

Peptide Summary Report

Format As | |F'eptide Summary j Help

Significance threshold p< |0.05 Max. number of hits |AUTO
Standard scoring ¢ MudPIT scoring * lons score or expect cut-off |20 Show sub-sets |U

Show pop-ups & Suppress pop-ups © Sort unassigned |Decreasing Score x| Require bold red ™

Select All | Select None || Search Selected I ™ Error tolerant Archive Report |

1. 1139777597 Mass: 77280 score: 85 Queries matched: 4 emPAI: 0.15
transglutaminase 2 isoform a [Homo sapiens]

M check to include this hit in error tolerant search or archive report

qQuery oObserved Mr {expt) Mr(calc) pDelta Miss Score ExXpect Rank Peptide

I~ 146 790.4495 1578.8844 1578.8293 0.0550 4] 68 0.00015 1 K.YLLNLNLEPFSEK. S

I~ 162 806.4242 1610.8328 1610.8039 0.0299 4] 22 5.7 1 K. TVEIPDPVEAGEEVK.V

I 210 900.5830 1799.1515 1799.0192 0.1322 4] 35 0.28 1 R.ALLVEPVINSYLLAER.D

I~ 322 833.4035 2497.1886 2496.2033 0.9853 4] 32 0.39 1 R. VVTNYNSAHDQNSNLLIEYFR. N





MRM-IDA Results:

39777597 transglutaminase 2 isoform a [Homo sapiens]

Match to: gi
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Protein Idenfications

v' GeLCMS/MS for Protein IDs of Dehalococcoides
195 membrane extraction

PCE TCE cis-DCE
Cl Cl @ Cl Cl @ Cl (o]
M e = e
cl cl ¢ | o] ) ¥
y .

H
2 Cl

H*
Cr

H,

Vinyl
cis-DCE chloride Ethene
Cl\ ,ClI @ cl @
> — > =
> MR > MR
1 | 1 v
H, H* H, H*
Cl- Cl-

Dehalococcoides spp. are the only organisms known to do all these steps metabolically.





Isobaric Tags for Relative and Absolute
Quantitation (iTRAQ) analysis

Isobaric Tag
Total mass = 145 . _ _
A Amine specific peptide * Give strong MSMS signature ion
Reporter Group mass q‘i reactive group (NHS) masses at 114-117
1417 (Retains Charge) ! o * Generate good y and b-ion series
|

r N\ * Maintain ionization efficiency of labeled

/\'\’r’t&\ peptides by remaining charge state
N I N

O ’

N |

0

0
Balance Group °
Mass 31-28 (Neutral loss) Balance the mass change of reporter

C12/016: 28 * Neutral loss in MSMS giving

C13/016: 29 signature ions
C12/018: 30

C13/018: 31

'
oY

/N

Ross PL et al. (2004) Mol. Cell. Proteomics. 3(12), 1154-1169





iTRAQ™ Reagent for Multiplexed Isobaric Tagging

31 |-PRG+ PEPTIDE...

115 30 |- PRG+ PEPTIDE... . [zl 2 INPEPTIDE...
Mix 145l 2n INPEPTIDE...
— [116L] NP EPTIDE.. ——> P E P T I D E.
117H 28 N MS/M
| 29|-PRG + PEPTIDE... ms | H S/MS
117 _PRG+ Y, -Reporter-Balance-Peptide INTACT
- 4 samples identical m/z
- Peptide fragments EQUAL
- Reporter ions DIFFERENT
1352.84
I v e
100 - — 97 “: “: : 8396.7
90 ]
] T
70 i T
e 1347.0 1349.6 1352.2 1354.8

Mass (m/z
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P ES ©
o - S
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ITRAQ to measure protein changes of culture grown
at slow and moderate PCE feeding rates

treatment

conditions 114: control
115: 20 yL/min

Treatment (i) Treatment (ii) Treatment (iii) Treatment (iv) 1 1 6: 5 UL/mm

Y iohed l l l l 117: 40 pL/min

e & i - §

and lysed.
e V VgV
= géﬂt:lit:]rsed and \ \ \ \

dissolved 2:% ‘:4;'1 5?33 %,\:i
Y Y v
> Gi3eston 4 4 4 4

Peptide

samples

for each
treatment

(i) (ii) (iii) (iv)

4.iTRAQ labeling of —
peptides | | |
’ l l l C18 RP
TRAQ 5. Combine Nano column

tag: 114 115 116 117 solutions SCX column
a lIs e 7 - 6. SCX coumn — [N — Eaa—_.

4 5 6 7 — 4
@7

ration
|4-1 55‘55 ‘?7 —_— ! $ separatio 8 ‘
44 5 6 7 —l 5 |
! 8 v v —_— § 7. nanoLC-MS/N\ 1 | -
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Dehalococcoides Mixed Culture Grown at Slow and Moderate
PCE Feeding Rates (SuL/min, tag 116 vs 20uL/min, tag 115)

216 Proteins Identified Using iITRAQ

0
Not ¢ .
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. 5 ,
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Lower protein abundance Higher protein abundance
at the higher feeding rate at the higher feeding rate





Protein

RNA

Comparison of RNA Expression and Protein expression Profiling
in Response to Different PCE Feeding Rates

Copies / mL
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MRM: absolute quant of a specific protein in a complex sample

MRMPilot 1.0

| isatruasor

MGRKKIQITRIMDERNRQVTFTKRKFGLMKKAYELS
VLCDCEIALIIFNSSNKLFQYASTDMDKVLLKYTEYN
EPHESRTNSDIVEALNKKEHRGCDSPDPDTSYVLT
PHTEEKYKKINEEFDNMMRNHKIAPGLPPQNFSMS
VTVPVTSPNALSYTNPGSSLVSPSLAASSTLTDSSM
LSPPQTTLHRNVSPGAPQRPPSTGNAGGMLSTTD
LTVPNGAGSSPVGNGFVNSRASPNLIGATGANSLG
KVMPTKSPPPPGGGNLGMNSRKPDLRVVIPPSSK
GMMPPLSEEEELELNTQRISSSQATQPLATPVVSV
TTPSLPPQGLVYSAMPTAYNTDYSLTSADLSALQG
FNSPGMLSLGQVSAWQQHHLGQAALSSLVAGGAQL
SQGSNLSINTNQNISIKSEPISPPRDRMTPSGFQQQ

sequence

phosphopeptide

Q1
537.3
545.2
571.8
617.3
635.8
642.3
651.8
677.8
699.8
706.3
709.4

MRM transitions

Q3
488.3
496.2
522.8
568.3
586.8
593.3
602.8
628.8
650.8
657.3
660.4

A/
M2+ =784.0

Sequence
NRQVTFTK
MRMDAWVT
NFIAVSAANR
SEPISPPRDR
KNFIAVSAANR
TNSDIVEALNK
ISSSGALDDDDK
IQITRIMDER
LFQYASTDMDK
TNSDIVEALNKK
NFIAVSAANRFK

-

fragmentation

s

loss of phosphate, product ions
S —

M2* =735.0

M*=847.0

MultiQuant 1.0

80000.0

70000.0

60000.0

50000.0

40000.0

30000.0

20000.0

10000.0

o 50 100 150 200 250
Concentration (fmol)





Peptide Quantification via
Multiple Reaction Monitoring

& & LR L LLpoY d
s ///“”/W"’/)"f?
N ‘"’ﬂw A ”)“""R a1 a3
oo @ *\Q’ 7944 — 1114.6
794.4 — 1272.7

1T |
0 m
SfMS
P2
‘3-
110
™ 1114.6
1272.7
y9 ion chromatogram
aﬁﬁo
y11 ion chromatogram et

0 min





Synthetic Peptide Standards Spiked
Into a Background Sediment Digest

TceA: WEGTPEENLLIMR 794 —
3.50E+05

3.00E+05

1115
2.50E+05

S 2.00E+05

—

1.50E+05

Peak A

1273
1.00E+05 u

5.00E+04

0.00E+00
0 100 200 300 400 500 600

fmol

TceA: DEWWASENPIR 702 —
4.50E+05

4.00E+05 786
3.50E+05
3.00E+05
2.50E+05
2.00E+05 973

1.50E+05

Peak Area

1.00E+05
5.00E+04

0.00E+00
0 100 200 300 400 500 600

fmol





Concentrations in Mixed Cultures

10° : Cultures :
E [] S O KB1
0 -~ -
E 104 g
= Q »
Q 0
S 102 g
o~ © S
o I I <
E 10° 2
o
5 10°
O

D2: maintained in PCE
KB1: enriched on TCE

FdhA
PceA |

Q 5

8 7 ©
L | =

T 24 6
wn





MRM Confirming TceA Enzyme

Previously Thought to be Missing from Commercial Culture KB1™

DEWWASENPIR

—~ 300{ 701.9¢2 — 786.4%)
D 200
© 100
2 0 Y MJMM_._»_A_»_
e 1201 701.9¢2 — 972.5
E 80
e 1 L.L lﬂ.ul.u_l_‘
WEGTPEENLLIMR 0 —iustath bl
0 20 40 60 80 100
4001 704 42 —, 1114.6" Retention Time (min)
w
é 200
:,:‘:"- 0 A - P JLA.‘u_ull - -
e 150| 794.42 — 1272.7¢)
£ 100
50 "
0 e b a e Ll L d | L1
0 20 40 60 80 100

Retention Time (min)





Protein Phosphorylation

pS pY pT
io0 i w
_,l,\)]_o —N\)J—o — \)J—o—
(FHZ CH, H3C—(|3H
0O
R HO—P=0 Ho—P=0 708
| H,PO, — | |
HO—FI’:O
OH
Mass change +80 +80 +80
Actual change -18 +80 -18
Marker ions:  m/z -79 (PO3") m/z -79 m/z -79

m/z +216.04 (pY immonium)





SDS-PAGE of in vivolin vitro treated Greatwall kinase samples






Intensity, cps

MS/MS Spectrum identifying a Phosphopeptide ion at m/z 882.4%*

496 745-ILGPTPDYLAPELLLR-759 Py
7405y
4.4e6
4.0e6
1 Y7
3.6¢6] 8115
] Y12
3.2e6 1382.9
] +83 by
2.8e6] /b 367.4
) 3 720.48
2.4e6 (V +83
] Ys
b be 924.6
2.0e6 5
| b, v, sne 5795 Y5
1.6e61 2273 288.4 643.5 833.4 Yo
1 Y4 1087.6 y Y13
] 5145 | 629:5 10 1439.9
1.2e6< Y1 VA b 1202.8
175 1 401.5 L esse
8.0954 v y14
1 1553.0
4.0e5 ‘ M 1 L 882.4 1281.7: 1537.92/
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21 proteins identified

24 Phospho-sites Identified

LC/MS/MS of Greatwall Kinase from Cell Lysate

Residue Peptide Sequence + Score | Extra (IP)
184 -200 |ELCMMDILpTTPSMAKPK 3 21 \
206 - 226 |TPGQVLSLISSLGFNpTPAGGR 3 30

206 -226 |pTPGQVLSLISSLGFNpTPAGGR 2 57 \
227 -239 |TQGPpSLNQQTEGMR 2 69 \
240 - 249 |GNASpTPLLMK 2 39

260 -277 |LMISCPEASLpSSPSIPVK 2 28 \
278-285 |CLpTPNLLK 2 26

288 -300 |TQFATSSTSpPSQSR 2 39 \
357 -368 |RLEFAFpSPIVDR 2 48
374-394 |AGFQDETGELSDpTPLATLNAK 2 59
374-394 |AGFQDETGELpSDTPLATLNAK 2 68 N
374-394 |AGFQDEpTGELpSDTPLATLNAK 2 49 N
374-394 |AGFQDEpTGELSDpTPLATLNAK 2 57 N
374-394 |AGFQDEpPTGELpSDpTPLATLNAK 2 27 N
424-449 |FTSSPDpSPPWLANGSVAPIQFNDEEK 3 32
458 - 475 |[NYDLVEKpSPEQELLQDKK 2 46

532 -544 |TLEKLDpSGNPVAK 2 47 v
637 -665 |YEPNTSILPDSLQONVLApPSPAPASAMTNPR 3 53 *
637 -665 |YEPNTpSILPDSLONVLApSPAPASAMTNPR| 3 44 \
674 -689 |SYNpSPINVSNVSEPSK 2 88 *
719-728 |VQGLIEpTPYR 2 43
719-731 |VQGLIEpTPYRpPTPK 2 36
745-759 |[ILGpTPDYLAPELLLR 2 81
875-887 |NNAQHLKVpPSGFpSL 2 59 \






Base Peak Chromatogram of NanoLC-MS/MS in EMS-IDA Mode

o.8e7 1 e oz Sample:
9.0e7 Human \ | l IP of lysate from Src kinase cell line
B.0e7 Sortlng ‘ B%
Nexin | | |
T.0eT . I|| | 3512 & -E — O
Protein | !l |
§ 6.0e7 as _ | -5
= = (f ' ‘ 2002
% 8-0e7 ok \ JI | [ 41.88 .
= a0er | W ‘ l ' LI J‘# = __ so
et R I i1 (M b
2.0e7 1# A"" - r‘lr Allbl \ | I 5= -
1.0e7? "‘-#-ﬂw H ,- ! \ i { -ﬁ 4m¥m%? : ::1?
""""""""" Nk W ! ||| du,—"” iy eV mn s

S 10 15 20 25 30 35 240 45 S50 55 S0
Time, min

Base Peak Chromatogram by Targeted pY Detectlon in Pl Scan (+216.04)

2.4e6
Sample:

2.2e6
] IP of lysate from Src kinase cell line

2.0e6

1 Bee] *Phosphopeptides identified

1.6e6
1.4e6

1.2e6-

Intenslty,cps

1.0e6

B.0e5q

6.0e5

4. .0e5

2 0eS5
H

0.0

Time, min





Intensity, cps

MS/MS Spectrum identifying a Phosphopeptide ion at m/z 611.82*

4.2¢6 - 2 866,577

4.0e6 Human Sorting Nexin Protein
3.8€6 - b,
3.666 472.2

3.4e6 - Ye Ys

3.2¢6 - 329.2 1109.5

751.4
Y4
3.0e6

474.2

2.8¢6 Vs +243

2.6e6 | 588.4
2.4¢6
2.2e6 611.8

2.0e6
216.0 +1 63

1.8¢6 - Y1
175.1 —
1.6¢6 - Y2

1.4¢6 -
1.2e6 Y3

387.2 +145

1.0e6 T b
4 —
8.0e5 |
635.0 v
6.0e5 - / 849.5 1029.5
1091.6

4.0e5 v
2.0e5 - l 1011.5
[ ‘ ny H,M,Mf | L, .,ml\, s N

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

' N
A 4

288.2
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Five pY Sites of Human SNX9 Protein (Src Kinase)
Identified by nLC-IDA-MS/MS*

Residue Peptide Sequence + M/Z Mascot | % phogp ho-
Score rylation
174-191 SSSpYFKDSESADAGGAQR 3 648.3 73 6.0
30258 EKIPIIVGDpYGPMWVYPTSTFDCVV 3 1136.15 43 59
ADPR
232 - 758 IPIIVGDpYGPMWVYPTSTFDCVVAD 3 1050 1 05 237
PR
268 - 281 SpYIEYQLTPTNTNR 3 890.4 46 2.7
287-296 YKHFDWLpYER 3 521.9 44 10.0
560 - 568 IpYDYNSVIR 2 611.8 58 4.7

Two pY Sites (ACK2 Kinase) Identified by nLC-IDA-MS/MS

M o | Ms MRM- Prec-
Residue Peptide Sequence + | M/Z Sif)ig D A_ IDA IDA
(X216) | (+216)
174-191 SSSpYFKDSESADAGGAQR | 3 | 6483 56 No Yes Yes
287-296 pYKHFDWLYER 3 521.9 26 No Yes Yes






Intensity, cps

XIC of MRM for Two-pair Transition lons of Identified pY-peptides

320 |
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240°
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M
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Intensity, cps

MS/MS Spectrum ldentifying a Phosphopeptide lon at mv/z 512.93+

5129

1.20e7 Sample:

IP of lysate from Src Kinase cell line
1. 10e7

287 -YKHFDWLPpYER--296

1.00e7
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Peptide mapping for N/C-
terminal determination





Limited Proteolysis of Yeast Chitin Biosynthesis Protein

Trypsin Subtilisin

,4-_,___

Pa1Sa3IpuUN)

¢ 0

— -
W 4 s —Band A g
BandC*“- — <—Band B o

——

-
. : A  — z






Chymotrypsin digestion

Band A
GXMSPEFSSVDVLLTVGKLDASLALLTTQDHHVIEFPTVLLPENVKAGSIIKMQVSQNLEE
EKKQRNHFKSIQAKILEKYGTHKPESPVLKIVNVTQTSCVLAWDPLKLGSAKLKSLILYRK
GIRSMVIPNPFKVTTTKISGLSVDTPYEFQLKLITTSGTLWSEKVIL KMTDMSGITVC
LGPLDPLKEISDLQISQCL QRHVAIDTTHFVCNDLDNEESNEELIRAKHNNIP
IVRPEWVRACEVEKRIVGVRGFYLDADQSILKSYTFPPVNEEELSYSKENEPVAEVADENK
MPEDTTDVEQVASHNDNEGNPSEAKEQGEKSGHEAAPVSPAEDPLHASTALENETTIETVN
PS
Band'B
GAMDPEFSSVDVLLTVGKLDASLALLTTQDHHVIEFPTVLLPENVKAGSI
HFKSIQAKILEKYGTHKPESPVLKIVNVTQTSCVLAWDPLKLGSAKLKXSLILYRK
GIRS KVTTTKISGLSVDTPYEFQLKLITTSGTLWSEKVILRTHKMTDMSGITVC
LGPLDPLKEISDLQISQCL LORHVAIDTTHFVCNDLDNEESNEELIRAKHNNIP
IVRPEWVRACEVEKRIVGVRGFYLDADQSILKSYTFPPVNEEELSYSKENEPVAEVADENK
MPEDTTDVEQVASHNDNEGNPSEAKEQGEKSGHEAAPVSPAEDPLHASTALENETTIETVN
PSVR §r
Band C
GAMDPEFSSVDVLLTVGKLDASLALLTTQODHHVIEFPTVLLPENVKAGSIIKMQOVSQONLEE
EKKQRNHFKSIQAKILEﬁkGTHKPESPVLKIVNVTQTSCVLAWDPLKLGSAKLKSLIL
SMVIPNPFKVTTTKISGLSVDTPYEFQLKLITTSGTLWSEKVILRTHKMTDMSGITVC
LGPLDPLKEISDLQISQCLSHIGARPLOQRHVAIDTTHFVCNDLDNEESNEELIRAKHNNIP
IVRPEWVRACEVEKRIVGVRGFYLDADQSILKSYTFPPVNEEELSYSKENEPVAEVADENK
MPEDTTDVEQVASHNDNEGNPSE QGEKSGHEAAPVSPAEDPLHASTALENETTIETVN
PSVR





Components of ternary complex [

dimer

o
Stimuli

| Membrane

_‘-H'""‘--...*

S10}d909y
SUBIqUIB[Y

A:W complex






Protein-Protein Complex

A ternary mixture (transmembrane
complexes that mediate bacterial {

chemotaxis) consists of:

(=) €10]d859y

(a cytoplasmic fragment of a
chemoreceptor)

(a truncated version of CheA, the
chemotaxis signaling kinase)
(an adaptor protein that mates the
receptor to CheA)

>





A ternary mixture:
C2-D289-CheW

LC MS TOF

100 pg injected on desalting column
A: 0.1% Formic Acid; B: ACN-0.1%FA

Gradient: 0 > 0.5 - 8 — 8.5 min,
10% — 20% — 45% — 80% B

Cone Voltage =40 V
Collision Energy =6 V
Source Temperature =105 ° C

Desolvation Temperature =150 ° C






LC-MS analysis (under denaturing conditions)

| D Ry | Wewr Sl HE1 | W mE | W £
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MS/MS Spectrum of m/z 9081°* ion
in CheW Sample

Sequence RE
LDOELLEELTYKEGY
5 49269 44 5098 48 5227.5%2 5340.61 5441.65% 5520.72 SH66E_ 82 5797.86 SHE54.BF 595309
35 49297 43 5126.48% 5255.52 5368._60 54692 .65 SHeE.TZ G626 81 582586 S5BEZ2_BE HOE1. DD
Leu Elu GElu Leu Thy Tal Lys Elu G1ly Tal
M4 1116_66 100357 &74_53 T45% .49 632_40 53136 332 29 304_19 175.15 118.13
o.03 0.0 o.03 0.0 0.0 o. 0 0.0 o.03 o.02 o.02
1 1099 63 986 54 &B57_50 T28_ 46 615 _37 hid_33 415 26 287 _16 ih8_12 i0i1.10
o_11 -0_0% o.14 o_o7 o_0%9 - o_05 -0_0z - 0.0l
<5l > < il
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MADALKEFEV LSFEIDEQAIL AFDVDNIEMV IEKSDITPVP KSRHEVEGVI NLRGRIIPVV NLAKILGISEF DEQKMKSIIV
ARTKDVEVGFE LVDRVLGVLR ITENQLDLTN VSDKEFGKKSK GLVKTDGRLI IYLDIDKIIE EITVKEGV 17,235Da





MS/MS Spectrum of m/z 908'°* jon
in CheW Sample

Sequence | [bzerved MYV B398.9922  Precursar ion charge state: 1 ~
FEYLSFELDECALAFD /z tolerance: 0.30  Intensity threshold: 47 [0.750%)
1354. 6% 1501.76¢ 1630.80 1729 87 1842 .95 1929 9% 2077.05 2206.09 2319 18 2434.20 2563.25 2691.3
= - 0.02 0.09 -0_01 -— 0.01 -0.05 -— 0.04 -— 0.00
Should be 1101.6/529.15 1658.79 1757.86 1870.95 1957.9% 2105.05 2234.09 2347.17 246220 2591.24 2719.3
from sequence 0.00 -0. 00 0.01 -0 04 -0._02 -0._02 -0 04 -0.05 0.02 0.05 -0.02 -0. 04
(281.1 Da extra)
1381 67 Phe Glu Tal Leu Ser Phe Glu Leu R=p Glu Gln
W
£ | ¥

\S__ﬁ;
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050226_015_C2D259W MaxEnt 3 29 [Ev-417265 /50,En1] (0.050,20 T T 2 TOF MSMS 905 00ES+
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MADALKEFEV LSFEIDEQAL AFDVDNIEMV IEKSDITPVP KSRHFVEGVI NLRGRIIPVV NLAKILGISE DEQKMKSIIV
RQKDVEVGE LVDRVLGVLR ITENQLDLTN VSDKEFGKKSK GLVKTDGRLI IYLDIDKIIE EITVKEGV 16,954 Da
91 Da, + 16,954 = 17,235 Da






A ternary mixture:
C2-D289-CheW

Nanospray MS

C2D289W 1 ug/puL 100mM NH,Ac &

Cone Voltage =150 V
Trap Energy =20V
Transfer Energy =20V

Source Temperature =60 ° C





Infusion analysis (under native conditions)
MS Spectra for C2-D289-CheW Complex
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MS/MS Spectra of m/z 605020+
(2xCheW-2XD289)
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ultracentrifugation Sample Model  Fixed Molecular ~ Molecular Variance  Number
Weights (kD) Weight of Runs
CheW One component 17.86 16.95 1.83E-05 37.711%
CheA (P3-P4-P5) One component 78.87 42.78 (85.56) 3.99E-05 44.08%
Receptor fragment One component 42.77 24.11(48.22) 2.26E-05 35.15%
CheA (P3-P4-P5) + CheWw TWO component  7g 34 4475 119.46 1.53E-05 33.61%
Receptor fragment Three @ @ ] o
Y= e i R cicadlh (116.9) 119.46, 133.78, 167.6¢  1.76E-05 34.99%
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Take-home Messages

v’ |onization is required in MS
Analysis and describe how ESI works.

v’ MS becomes an invaluable technique in the
proteomics field, why?

4 Why proteomics relies heavily on genomics
information for the targeted species?

Reference books:

1. “Fundamentals of Contemporary Mass Spectrometry” 2007
by Chhabil Dass

2. “Protein Sequencing and ldentification Using Tandem Mass
Spectrometry” 2000 by Michael Kinter and Nichols E. Sherman
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Overview

» Significance of Bioinformatics tools in
Proteomics Studies

» Mascot Database Searching Options:
Methods of database searching
Practical tips
Probability based scoring
«  Validation
«  Quantitation search
Errortolerance

> Interpreting Mascot Results
Summary reports: filters
Peptide view report
Protein view report
«  Export search results





Significances of Bioinformatics Tools

» Speed! Speed! Speed!

v' Automation

» Higher Confidence

v’ Statistical algorithms applied automatically
v Filters
v False Discovery Rate

» Higher Accuracy/Less Subjective:
v’ Peak detection from large MS/MS datasets
v’ Large genomic/protein database processing





Database Searching Fundamentals

® Three approaches for using MS data for protein ID

‘/ PMF (peptide mass fingerprint)

- matching measured masses of a subset of an enzymatic peptides against theoretically
calculated values from database.

- key factors: size of database, mass accuracy and appropriate threshold
‘/ Sequence Query

- Peptide masses combined with a piece of sequence, composition and fragment ion data:
called sequence tag, require interpretation of spectrum (manual process)

‘/ MS/MS lon Search

- Searching MS/MS data from a single spectrum or complete LC-MS/MS run
- Automated, using software to match lists of fragment ion mass and intensity

Pioneered by John Yates: J. Am Soc. Mass Spectrom. 5: 976-989 1994





MS/MS lons Search Servers & Engines

‘/ Database search engines offered by MS instrument vendors
= BioWorks (Proteome Discoverer 1.0) from Thermo
= ProteinPilot 2.1 from Applied Biosystems; GPS Explorer 3.5 for MALDI-TOF/TOF from ABI
= ProteinLynx Global Server (PLGS) 2.4 from Waters

‘/ MS/MS lons Search Servers on the Web

= Mascot:
http://lwww.matrixscience.com/search_form_select.html
= MS-Tag (Protein Prospector):
http://prospector2.ucsf.edu/prospector/mshome.htm

= OMSSA:
http://pubchem.ncbi.nIm.nih.gov/omssal/index.htm

= PepFrag (Prowl):
http://prowl.rockefeller.edu/prowl/pepfrag.html

= XIlTandem (The GPM site):
http://prowl.rockefeller.edu/tandem/thegpm_tandem.html
= Phenyx:

http://www.genebio.com/products/phenyx/

= Xproteo:

http://xproteo.com:2698/

= Peaks:
http://lwww.bioinformaticssolutions.com/products/peaks/proteiniD.php





Nomenclature for MS/MS Fragmentation
of Peptide lon (How does MS work?)

Bottom-up: CID/CAD#

Top-down: ECD; Middle-down: ETD:
y-series NH;— (|2—COOH

R

Wi

a; by cy

b-series

" Acylium ion

* Biomed Mass Spectrom. 11: 601 (1984)

The best paper for interpretation of CID tandem spectra of peptides is:
# Mass Spectrom. Review 14: 49-73 (1995)
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Principle of MS/MS lon Search
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MS/MS lon Search

‘/ Easily automated

- Extremely useful for most proteomics pipelines

‘/ Can get matches from marginal data
- Multiple low-confidence score peptides could be accumulated to high confidence probability

v Search speed is dependent on parameters
- no enzyme, number of missed cleavage, database size, variable modifications

v MS/MS is peptide identification
- Protein identifications by inference
- Assigning peptide matches to protein hits can be arbitrary: particularly in shotgun analysis

Protein A Peptide 1 Peptide 3

Protein B Peptide 1

Protein C | Peptide 3






Practical Tips

Mascot = MS/MS Ions Search

MASCOT MS/MS lons Search

Your name | | Email

Search titl

—
Database |MSDE  \ v |
)

i |

Enzyme | Trypsin Vl > qiiuw up to missed cleavages )
‘-—_z-f

Acetyl (K) ~ Variable | scetyl (K) o
Acetyl (N-term) modifications | Acetyl (MN-term) >

*

modifications

Acetyl (Protein M-term) Acetyl (Protein M-term)

Ariciated (C-term) v Ariciated (Cterm —
Quantitation LNI:IFIE v |
Peptide tol. + (1.2  |[Da  ~| # 13C MS/MStol. + 06 |[Da ~|
Peptide charge 2+ v | Monoisotopic &) Average O
Data file | |[ Browse.. ]
Data format | Mascot generic V| Precursor I:I m,z
Instrument | Default v| Error tolerant []
Decoy [ | Report top hits

[ Start Search ... ] [ Reset Form ]






Practical Searching Tips

‘/ Select appropriate database and Taxonomy

- Don’t cheat yourself: Iteratively adjusting search parameters to get a better score can yield
misleading results

‘/ Modifications

= Fixed/static modifications cost nothing
= Variable modifications (multiple VM) are expensive
= Use minimum variable modifications

v Miss cleavages
= One is generally enough, >1 adds cost of searching time
= Set missed cleavages by inspection of standards

v Enzyme
= Understanding cleavage sites of enzyme
- “No enzyme” costs more. Use if strictly necessary

v Peptide or MS/MS Tolerance

= Depending on mass accuracy of MS instruments
= Make a reasonable estimate of mass error: 1.2/0.6 Da for lon Trap; 0.1/0.05 Da for Q-TOF

R R L =
= g
z . £ e Uy U
lonTraps ., 1 . i . T, Q-TOF :
S5 e o
i} 5 -1
"
2 s ity St 20 oo s cm oo oo oo oo mmeioo oo oo
|||||||||||||||||||
Loy 2000 3000 ilve] 1500 2000 2500
RMS errar 210 pp il (Da) RMZ erraor 10 ppn il (D&





Probability Based Scoring

U=ser : Sheng
Email : szld4fcornell.edn
Search title : D:ZAnalyst Data\Projects\NanoléJul0S42008 07_16\Data\285ept0o\StdPaVa 11.wiff (sample number 1)

M% data file 1 C:ADOCTUME~1'\m=slab'\ LOCALS~1YTempima=z142 ., tmp
Database : SwissProt 20080728 (392667 segqonences; 141217034 residnes)
Taxonomy : Mammalia (63164 =equnences)

Times=stamp :
Protelpdis : BOVIN Serum albumin O5=Bo=z taur

Probability Based Mowse Score
Tons score i -10¥Log(F), where P iz the probabiity that the observed match iz a random event.

Indrradual 1ons scores = 39 mdicate identity or extensive homology (p<0.05).
ctein scores are derived from ions scores as a non-probabilistic basis for ranking proteig
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Probability Bazed Mowse Score

Peptide Summary Report

[ Format As ]|F'eptide Summary V| Help

Significance threshold p< Max. mumber of hits
Standard sconing O MWudPIT scering & Tons score or expect cut—oﬁ" Show sub-sets D

Show pop-ups @& Suppress pop-ups O Sort unassigped|DEErEﬂSiﬂ9 Scaore V‘ Fequire bold red






Understanding Probability Based Scoring

‘/ Algorithm is based on probability that the observed match between the
experimental data, and mass values calculated from a candidate peptide
or protein sequence, is a random event. The real match, which is not a
random event, then has a very low probability.

‘/ Probability based scoring enables standard statistical tests to be applied
to results.

‘/ The calculated probability may be converted into a score
lon Score =-10 * Log (P) P = probability. If P = 0.00001, Score = 50

‘/ The calculated probability may be reported as an expectation value: how
often you would expect to get a match this good or better purely by
chance; or how hard you try to get a match.

If match with expectation value: 0.001, meaning one match from 1000
trials, it is definitely not random.

‘/ Probabilities = multiply the acceptable false positive rate by the number
of trials: For an MS/MS search, the number of trials is the number of
candidate peptides.





Probability Based lon Score & Expectation Value

ALBU BOVIN

Mass:

69248

Score: 039

fmeries matc

Serum albumin 05=BEos taurus GN=ALE PFE=1 5V=4

[[] Check to include this hit in error tolerant search o

Qnery Ch=zerved
3 379.7279
35 395.2261
146 443.7055
182 461.7628
186 464.2850
211 507.8422
229 536.7995
238 554.2835
255 569.7624
257 571.8939
283 582.1292
540 417.2403
393 435.7988
394 653.2737
385 653.3822
459 473.9127
470 480.6425
472  722.3332
494 751.7968
506 383.9706
507 511.6304
526 518.9133
548 526.2357
584 547.3371
676 874.3118
86 5B83.9370
733 627.6342
742 476.2425
750 643.2715

Mr (expt)

737
788
885
921
92a

1071
1106
1137
1141
1162

1304
1304
1304
1418
1438

1501
1531
1531
1553

1638

1748
1879
1300
1928

4413
L4376
L3964
L5111
L5555
1013.
L5845
L5524
L5103
LTT33
L2439
1248.
L3744
L5328
. T498
L. T163
L9057
1442,
L5791
L8534
L8693
L7180
1575.
. 8896
17446,
L7882
. 8808
L5409
LT925

6699

6950

6519

6853

6086

Mr (calc)

757.

788.

885.

921,

926.
1013.
1071.
1106.
1137.
1141.
11e2.
1248.
1304.
1304.
1304.
1418.
1438.
1442,
1501.
1531.
1531.
1553.
1575.
1638.
1744a.
1748.
1879.
1500.
1926.

4156
4644
4080
4807
4861
6121
5019
5066
4307
T070
6234
6139
7088
7088
7088
6864
5045
6347
6065
7738
7738
6457
7603
2305
6878
6553
9138
8625
7910

0.00%1
0.05
0o.091
0o.04
0.0041
0.025
0.0034

G

64 0.00021
a7 0.001
61 0.00041
33 0.23
(54) 0.0018
(40) 0.047

76 1.3e-05
54  0.0017
58 0.00063
94 1.9e2-07
51  0.0036
(31) 0.33
0.0028

[l B = R == T o == = I = I = I = T D = R = R = I =]

Peptide

GACLLPE.I + Carbamidomethyl (C)
LVTDLTE.WV

.DDSPDLEPE.L

AEFVEVTHE. L

YLYEIAR.R

QTALVELLE.H

.SHCIAEFVEK.D + Carbamidomethyl (C)
BACFAVEGPE.L + Carbamidomethyl (C)
LCCTESLVNR.R + 2 Carbamidomethyl (C)
ERQTALVELLKE.H

. LVNELTEFAK.T

. FEDLGEEHFE. G

CHLVDEPQNLIE. O

CHLVDEPQNLIE. O

CHLVDEPQWNLIK.

.SLHTLFGDELCE.V + Carbamidomethyl (C)
.RHPEYAVSVLLE. L

YICDHQDTISSE.L + Carbamidomethyl (C)
EYEATLEECCAK.D + 2 Carbamidomethyl (C)
.LEECCDEFPLLEE.S + 2 Carbamidomethyl (C)
.LEECCDEFPLLEE.S + 2 Carbamidomethyl (C)
.DDPHACYSTVFDE.L + Carbamidomethyl (C)

. LEFDFNTLCDEFE.A + Carbamidomethyl (C)
EVEOWVETPTLVEVER. &

JHNGVEQECCOAEDE. G + 2 Carbamidomethyl (C)
.ECCHGDLLECADDR.A + 3 Carbamidomethyl (C)
RPCFSALTPDETYVPE.A + Carbamidomethyl (C)
.NECFLSHEDDSPDLPE.L + Carbamidomethyl (C)
CCAADDERACFAVEGPE.L + 3 Carbamidomethyl (C)

T I I T T T I B T O T T B I T






Validation

‘/ Repeat the search, using identical search parameters, against a
database in which the sequences have been reversed or randomized
Elias, J. E., et al., Nature Methods 2 667-675 (2005).

‘/ Reversed entries sufficient for MS/MS with enzyme

v Randomized entries required for MS/MS without enzyme
v Direct estimate for FDR present in the results from the real database

v An excellent validation method for MS/MS searches of large data sets. It
is not as useful for a search of a small number of spectra, because the
numbers are too small to give an accurate estimate.

NCBInr Decov False discovery rate

Peptide matches above identity threshold 956 9 0.94 %
Peptide matches above homology or identity threshold 1029 22 2.14 %





Quantitation Searching: emPAI Protocol

‘/The Exponentially Modified Protein Abundance Index (emPAl) offers
approximate, label-free, relative quantitation of the proteins in a mixture
based on protein coverage by the peptide matches in a database
search result.

Ishihama, Y., et al., Molecular & Cellular Proteomics 4 1265-1272 (2005)

‘/ The information required for emPAl is always present in a search result, and
there are no parameter settings, as long as the MS/MS search contains at least

100 spectra.

V' emPAI = 10PA— 1: PAI= N,y [Ny - % molar = emPA S[emPAIJ*100

v The count of observed peptides only includes peptide matches with scores at
or above the homology threshold

v A calculated estimate of the number of observable peptides based on the
protein mass, the average amino acid composition of the database, and the
enzyme specificity via in silico digests.





Relative Quantitation: emPAIl Protocol

[ Format As ] |Se|ect Summary (protein hits) Vl Help
Significance threshold p< Max. number of hits
Standard scoring & MudPIT scoring & Jons score or expect cut—oﬂ' Show sub-sets D

1d red

Show pop-ups @& Suppress pop-ups ' Sort uﬂass]gued| Decreasing Score

1. TRFL. BOWIN Ma=s=s: 20002 Score: 404 meries matched: 34

Lactotransferrin O5=Bos taurus GHN=LTF PE=1 5WV=2
Dmery Ohserwved Mr (expt) Mr {calc) Delta Miss Score Expect Ral
2 374.2787 T46.5428 T45.3963 0.1485 n] 35 o.21 1 R.APFVDAFE.E
50 439 .8468 877.6790 877 .4658 0.2133 0] 43 0.025 1 H.DSALGFLR.I
TJ0 474 .2959 2946 .57T72 945.4906 0O.0866 a] 43 0O.026 1 R.LLCLDGTR.EK 71
E4q 490.2879 978.5612 978.4957 0O.0656 n] 37 o.084 1 R.AFALECIR. A
107 537.3104 1072 .6062 1072 .5699 0.0363 a &0 O.00057 1 KE.LGAPSITCVR.R 108

Sl L e W N T i s

ALBUO BOVIN Tiz244 157 meries matched:
Serum albumin O05=Bos taurus GN=ALE PE=1 5V=4
ome Ohserved Mr (expt) Mr{calc) Delta Mi=s=s Score Expect

13

Mass: Score:

3 379.7842 T57.553%59 T5T7.4156 0.1383 u] 3a 0.15 1 LLPE.TI

16 395.3147 T88.6148 TEE.4644 0.1504 o 45 o.0088 1 K. LVTDLTE.W

SE 449 . Taz27T g897.510% §97.4742 0.03a7 0] 33 0.21 1 R.LCVLHEE.T

B85 462 .2817 S22 .5489 921 .4807 1.0682 o 36 0.11 2 H.ARFVEVTE. L

87 464 .30986 S92a6.6047 S92a6.48a61 0.1185 n] 3a o.12 1 H.YLYETAR.R

a5 507 .8840 1013.7535 1013.6121 0.1414 a 55 0O.0016 1 K.QTALVELLE.H
123 569.T7853 1137.556l1 1137 .4507 0.0654 o 59 o.00057 1 K.CCTESLVHERE.R
125 582.3986 1162.7826 1162.68234 0.15593 n] 48 0O.0063 1 E.LVHELTEFAE.T
152 417 .3001 1248.8785 1248 .6139 0.2647 1 37T o.088 1 R.FFDLGEEHFE. G
162 653 .4246 1304 .83406 1304.7088 0D.1258 o 48 0O.0068 1 K.HLVDEPONLIE.Q

o L3
Proteins % Molar Expected ratio

Lactotransferrin 1.32 78.1 75%
BSA 0.37 21.9 25%
2lemPAI] 1.69 100





Quantitation Searching: emPAI Protocol

90

n=4 OBSA e
80 B Lactoferrin
70 OEnolase
60 OAH-cystesinase
X 50
S 40
30
20 L
10
0 - || L} L —
Theo Exper Theo Exper Theo Exper
Mol % Mol % Mol % Mol % Mol % Mol %
Solution Std In-gel Std proteins 2D gel spot
proteins
100 OBSA B actoferrin
90 OEnolase 0 AH-cystesinase |—
80 ] (] [] —
70 T —
2 60 T —
S 50 T -
= 40 A — —
30 T — —
20 T — —
10
0
Theo | Exp | Theo | Exp | Theo | Exp | Theo | Exp
Mol % | Mol % | Mol % | Mol % | Mol % | Mol % | Mol % | Mol %
Spike #1 Spike #2 Spike #3 Spike #4

Std Protein Spiked 2D Gel Samples

% Protein Molar

100]

@ Top hit

| m2ndhit
O 3rd hit

E
Gel Spots g
[t

emPAl is particularly useful for determining
the relative concentration of multiple proteins
|dentified in single samples (e.g. 2D gel spots)

Yang Y. et al., Electrophoresis 2007 28, 2080-94





No.
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emPAl Analysis for a Mouse Brain Sample

Prot_acc
HBB1_MOUSE
HBA MOUSE
ATP5E_MOUSE
MDHM_MOUSE
ATPB_MOUSE
ACTB_MOUSE
ATP51_MOUSE
ATPA_MOUSE
ATP5H _MOUSE
NDUA4 MOUSE
G3P_MOUSE
MBP_MOUSE
COX5A _MOUSE
TBA2_MOUSE
TMOD2_MOUSE
BASP_MOUSE
CALM_MOUSE
CH10_MOUSE
ATPO_MOUSE
TBB2C_MOUSE
TBB5 MOUSE
TBA1_MOUSE
CN37_MOUSE
KCRU_MOUSE
TPIS_MOUSE
PRDX5 MOUSE
ALDOA_ MOUSE
TBA4_MOUSE
PHB2 MOUSE
DPYL2 MOUSE

Top 30 Proteins

Prot_desc

Hemoglobin subunit beta-1 (Hemoglobin beta-1 chain) (Beta-1-globin) (Hemoglobin beta-maijc
Hemoglobin subunit alpha (Hemoglobin alpha chain) (Alpha-globin) - Mus musculus (Mouse)
ATP synthase epsilon chain, mitochondrial (EC 3.6.3.14) - Mus musculus (Mouse)

Malate dehydrogenase, mitochondrial precursor (EC 1.1.1.37) - Mus musculus (Mouse)
ATP synthase subunit beta, mitochondrial precursor (EC 3.6.3.14) - Mus musculus (Mouse)
Actin, cytoplasmic 1 (Beta-actin) - Mus musculus (Mouse)

ATP synthase e chain, mitochondrial (EC 3.6.3.14) - Mus musculus (Mouse)

ATP synthase subunit alpha, mitochondrial precursor (EC 3.6.3.14) - Mus musculus (Mouse
ATP synthase D chain, mitochondrial (EC 3.6.3.14) - Mus musculus (Mouse)

NADH dehydrogenase [ubiquinone] 1 alpha subcomplex subunit 4 (EC 1.6.5.3) (EC 1.6.99.3’
Glyceraldehyde-3-phosphate dehydrogenase (EC 1.2.1.12) (GAPDH) - Mus musculus (Mous
Myelin basic protein (MBP) (Myelin A1 protein) - Mus musculus (Mouse)

Cytochrome ¢ oxidase subunit 5A, mitochondrial precursor (EC 1.9.3.1) (Cytochrome ¢ oxid:
Tubulin alpha-2 chain (Alpha-tubulin 2) (Alpha-tubulin isotype M-alpha-2) - Mus musculus (M
Tropomodulin-2 (Neuronal tropomodulin) (N-Tmod) - Mus musculus (Mouse)

Brain acid soluble protein 1 (BASP1 protein) (Neuronal axonal membrane protein NAP-22) (2
Calmodulin (CaM) - Mus musculus (Mouse)

10 kDa heat shock protein, mitochondrial (Hsp10) (10 kDa chaperonin) (CPN10) - Mus musc
ATP synthase O subunit, mitochondrial precursor (EC 3.6.3.14) (Oligomycin sensitivity confe
Tubulin beta-2C chain - Mus musculus (Mouse)

Tubulin beta-5 chain - Mus musculus (Mouse)

Tubulin alpha-1 chain (Alpha-tubulin 1) (Alpha-tubulin isotype M-alpha-1) - Mus musculus (M
2~,3~-cyclic-nucleotide 3~-phosphodiesterase (EC 3.1.4.37) (CNP) (CNPase) - Mus musculi
Creatine kinase, ubiquitous mitochondrial precursor (EC 2.7.3.2) (U-MtCK) (Mia-CK) (Acidic-
Triosephosphate isomerase (EC 5.3.1.1) (TIM) (Triose-phosphate isomerase) - Mus musculu:
Peroxiredoxin-5, mitochondrial precursor (EC 1.11.1.15) (Prx-V) (Peroxisomal antioxidant en;
Fructose-bisphosphate aldolase A (EC 4.1.2.13) (Muscle-type aldolase) (Aldolase 1) - Mus n
Tubulin alpha-4 chain (Alpha-tubulin 4) (Alpha-tubulin isotype M-alpha-4) - Mus musculus (Mc
Prohibitin-2 (B-cell receptor-associated protein BAP37) (Repressor of estrogen receptor activ
Dihydropyrimidinase-related protein 2 (DRP-2) (ULIP 2 protein) - Mus musculus (Mouse)

emPAl
5.93
1.76
1.60
1.23
1.22
1.14
1.04
1.01
0.94
0.89
0.86
0.78
0.78
0.77
0.76
0.76
0.73
0.73
0.71
0.67
0.67
0.67
0.61
0.61
0.60
0.53
0.50
0.47
0.46
0.43
29.86

Relative Protein Conc.
% Molar
19.859
5.894
5.358
4.119
4.086
3.818
3.483
3.382
3.148
2.981
2.880
2.612
2.612
2.579
2.545
2.545
2.445
2.445
2.378
2.244
2.244
2.244
2.043
2.043
2.009
1.775
1.674
1.574
1.541
1.440
100





Searches falil

® General reasons for failing to get a hit:
v’ Poor quality of MS/MS data

v Inappropriate parameter settings (enzyme, wrong charge state,
underestimated mass measurement error) for the database search

v No targeted proteins/peptides in the database
v Unsuspected chemical and other modifications

v’ In source fragmentation or high-energy fragmentation





Mascot Quantitation Searching

MASCOT MS/MS lons Search

Your name | | Email
Search title |
Database |NCEInr V|
Taxonomy | All entries v
Enzyme |Tr'g'psin V| Allow up to missed cleavages

.. Fixed [acaty] (K) Variable [acaty] (k)
modifications | pcetyl (N-term) modifications || scetyl (N-term)
Acetyl (Protein N-term) Acetyl (Protein N-term)
Amidated (C-term) Amidated (C-term)
Amidated (Protei Amidated (Protein C-term)

(]

[l

(&

Quantitatig

MS/MStol. + 0.6 | Da +|

iTRAQ 4dplex
iTRAQ Bplex
e charge | 180 corrected multiplex

.. |SILAC K+6 R+6 multiplex
Data file T™MT E\DIEK

ICAT ABI Cleavable [MD]

a format \1-p| 4. njex pre-digest [MD]
ICPL duplex post-digest [MD]
SILAC K+6 R+10 [MD]
180 corrected [MD]

N Metabolic [MD]

Monoisotopic ) Average )

Precursor |:| myz

Error tolerant []

Report top | AUTO % | hits

[ Reset Form ]

Morm
iTRAQ dplex-115-no Norm
ITRAQ dplex-114-no Norm
ITRAQ dplex-114-Mediam Morm






Quantitation Searching for ITRAQ Labeling

Email

Search title
MS data file
Database
QJomantitation

Timestamp

Enzyme

Fixed modifications
WVariable modifications
Mass valunes

Frotein Mass

Peptide Mass Tolerance

Max Missed Cleavages
Instrument type
Noumber of goneries
Protein hits

Select Summary Report

Fragment Mass Tolerance:

szld4fcornell.edn

iTRAQ Std
X:\huining\PEL\0S0CTOSEcoliN22Jan09 iTRAQ DDAcsda.pkl
SwissProt 20080728 (392667 seqgqnences; 141217034 residnes)
iTRAD 4plex method details

Applied Biosystems iTRAQ(TM) 4-plex reagent

14 Oct 2009 at D2:43:30 GMT

[ Format As ] |Se|ect Surnmary (protein hits) V|

Trypsin
iTRAQAplex (K) ,iTRAQ4Aplex (N-term) Methylthio (C) ,Methylthic (C),iTRAQ4Aplex (N-term) ,iTRAQ4Aplex (K)
iTRAQ4Aplex (Y) ,Oxidation (M)
Monoisctopic - - "
Unrestrioted Quantitation based on the relative
. a
L] LIPRL] -
£ 0.1 0 intensities of fragment peaks at fixed
. .

e m/z values within an MS/MS spectrum.
115/114 116114 1177114

0.048 0.025 2.175 ALBU BOVIN Serum albumin O05=Eos taurus GN=ALE PE=1 5V=4

- === 2.052 TRFE HUMAN Serotransferrin 0S5=Homo sapiens GN=TF PE=1 5vV=2

- - 2.180 LACE BOVIN Beta-lactoglobulin 05=Bos taurus GN=LGE PE=1 5V=3

- - 2.132 LYSC CHICE Lysozyme C 05=Gallus gallus GN=LYZ PE=1 5V=1

- === 2,123 LACE OVIMD Beta-lactoglobulin 05=0vis orientalis musimon GH=LGE PE=1 5V=1

- - 2.132 BGAL ECQOLI Beta-galactosidase O5=Escherichia coli (strain EKl2) GN=lacZ PE

- - 1.933 TRY1 BOVIN Cationic trypsin (Fragment) 05=Bos taurus PE=1 3V=2

- - === TRFL HORSE Lactotransferrin (Fragment) O05=Equus caballus GWN=LTF PE=1 5V=1

Help

Significance threshold p=

Max number of tuts

Standard scoring O MMudPIT scoring & Tons score or expect cut-oE Show sub-zets El
V| Eequire bold red

Show pop-ups ® Suppress pop-ups O Sort unassigned|Decreasing Score

Protein ratio type | VWeighted |+ Norma]isation|NUﬂE "| Help
Report peptide ratios Outtier removal | Automatic v| Min #peptides

Min. precursor charge |1

FPeptide threshold|-"—"¢ least homology V| | |






Error Tolerance Search

‘/Address unsuccessful hits due to the following three reasons:
® Enzyme non-specificity

Your name | | Email |

¢ Unsuspected modifications

Search title |

® No sequence in database Database
Taxono my | all entries v
Enzyme Allovy up to missed cleavages
4 Automatic error tolerance search; i 2l ) oo 525 (e
" Aretyl (Protein M-term) 0 Arety| (Protein M-term)
[ } Normal fl rst_paSS Sea rch fl rst .:!-ﬁi%i?ége(é?:erm) 5] .g!'ﬁi%?aggeiéﬁi):erm)

Quantitation |Mone ~|

® Auto tolerance search as second-pass  eepticetol. s vOEE s tols
against the databases entries found above " charge [2+ ] B RS S—

Data file |

® Selected enzyme becomes semi-Specific  pataformat [Hascot genric ¥

. . Instrument
Miss cleavage increases by 1 Decoy

Modifications are tested serially
AA substitution tested serially
Only one of modifications/substitutions is allowed per peptide

v Manual error tolerance search:
® Normal first-pass search first. Manual tolerance search as second-pass
against the results report used as databases entries.
® No enzyme specificity combined with modifications or AA substitutions
* “Junk” matches will be higher than auto error tolerance search





Automatic Error Tolerance Search Results

MASCOT MS/MS lons Search Semvers WMlascot Search

Your nanie |Sheng | Email |sz14@cornell.edu Licensed to: Comell University, Tthaca, (1 processor).
Finished uploading search details and file
Search title |Aut0 error tolerance test Searching ...
Database | SwissProt v| =earch stage: standard search
J10% complete
Taxonomy | ............ Mammalia (mammals) V| . 15% complete
Enzyme | Trypsin | Allow up to missed cleavages --20% complete

..... 25% complete

Fixed [Acetyl (N-term) ~ Variable [Eiotin (k)

e . b’ e o o (i 200 let
modifications | acetyl (Protein N-term) = | modifications | giotin (N-term = 40,:;, commp T i
Amidated (C-term) Carbamidometh I (| v complete
Amidated (Protein C-term) Carbamyl (k) |} ... S0% complete
Ammonia-loss (N-term C) b Carbamyl (M-term) | I 60% complete
Quantitation | None v| .......... T0% complete
........... 80% complete
Peptidetol. + (1.5 |[Da v| #13c MS/MStol.+ (06 |[pa ~  f} 90% complete
0
Peptide charge |2+ and 3+ V| Monoisotopic &) Average O 0 oo 100% complete
standard search complete
Data file |X:\Sheng\mas504A.tmp [ Browse... ] Search stage: error-tolerant search
. 0% complete
Data format | Mascot generic hd Precursor myz
| | I:l / ~20% complete
Instrume v Error tolerant _.30% complete
0
Decoy [ Report top | AUTO ¥ | hits - A0% complete
..... 45% complete
- [ Start Search ... ] [ Reset Form ] ______ 0% complete
.......... “Writing results file,

error-tolerant search complete
292667 sequences and 141217034 residues checked.





Automatic Error Tolerance Search Results

ALBU BOVIN Mas=s: &9248 Score: 2238 fneries matched: 354 emPAT: 1.30
Serum albumin 05=Bos taurus GN=ALE PE=1 5V=4

[Jcheck to include this hit in error tolerant search or archive report BSA SUCCinylation

Onery Observed Mr (expt) Mr({cala) Delta Miss Score Expect Rank Peptide
7 386.2956 T770.5767 771.4313 -0.8545 O a3 1 FE.GACLLPE.I + [+71.0371 at C3]
22 395.2537 788.4928 T78B8.4644 0.0284 O a3 0.011 1 K.LVTDLTR.V
M 22
75 443,7565 ©885.4985 ©85.4080 0.0905 O 54 0.0022 1 FK.DDSFDLPE.L
175 507.825% 1013.6373 1013.6121 0.0253 O (51) 0.0042 1 K.QTALVELLE.H
176 507.8342 1013.6539 1013.6121 0.0418 O 51 0.004 1 K.QTALVELLE.H
177 507.8389% 1013.6632 1013.6121 0.0512 O (50) 0.0052 1 K.QTALVELLE.H
178 507.8480 1013.6815 1013.6121 0.06385 O {49) 0.0063 1 K.QTALVELLER.H
264 560.3150 1118.6154 1118.5641 0.0512 O (54) 1 E.LVNELTEFAR.T + [-44.0592 at F8]
267 561.2785 1120.5425 1120.5223 0.0202 O 50 1 K.EACFAVEGPE.L + [+71.0371 at C3]
293 582.2787 1162.5429 1162.6234 -0.0805 O (56) 0.0011 1 K.LVNELTEFAK.T
300 582.303% 1162.5932 1162.6234 -0.0301 O (56) 0.0011 1 K.LVNELTEFAR.T
301 582.3169 1162.6192 1162.6234 -0.0041 O 0 0.00048 1 K.LVNELTEFAK.T
W P . . . . . . .
[#] 302 582.3302 1162.6458 1162.6234 0.0224 O (59) 0.0006 1 K.LVNELTEFAR.T
W . . . . . . + +0. a
[¥] 305 582.8404 1163.6663 1163.6074 0.0583 O (57) 1 E.LVNELTEFAR.T + [+0.9840 at N3]
367 621.8409 1241.6672 1241.7231 -0.0559 1 (60) 1 EK.EQTALVELLE.H + [+100.0160 at N-term K]
369 621.8558 1241.6970 1241.7231 -0.0261 1 (52) 1 R.RQTALVELLR.H + [+100.0160 at N-term E]
370 621.8588 1241.7030 1241.7231 -0.0201 1 (54) 1 K.EQTALVELLE.H + [+100.0160 at N-term K]
371 621.8637 1241.7129 1241.7231 -0.0102 1 (58) 1 FE.EQTALVELLEK.H + [+100.0160 at N-term K]
372 621.8781 1241.7416 1241.7231 0.0186 1 62 1 K.EQTALVELLE.H + [+100.0160 at N-term K]
W i . . . . . . + + - a —-term
[#] 383 418.6065 1252.7976 1252.7027 0.094% 1 50 1 FE.LVIDLTEVHE.E + [+l00.0160 at C-t K]
436 653.3410 1304.6674 1304.7088 -0.0415 O (57) 0.001 1 K.HLVDEPQNLIK.Q
437 653.3438 1304.6731 1304.7088 -0.0357 O (68) 7.7e-05 1 K.HLVDEPQNLIK.Q Possible Assignments:
¥] 442 653.3832 1304.7518 1304.7088 0.0430 O 9 6.4e-05 1 K.HLVDEPQNLIE.
= = o e malonyl methylation (E) [+100.0160]
443 653.3952 1304.7759 1304.7088 0.0671 O (53) 0.0025 1 K.HLVDEPQNLIK.Q Succinyl (K) [+100.0160]
444 653.3976 1304.7806 1304.7088 0.0718 O (54) 0.0017 1 K.HLVDEPQNLIK.{
445 653.4365 1304.8584 1304.7088 0.14%6 O {(49) 0.006 1 K.HLVDEPQNLIK.Q
446 435.9996 1304.9770 1305.6677 -0.6307 O (52) 1 K.HLVDEPQNLIE.Q + [+0.9589 at I10]
474 671.3431 1340.6716 1340.679% -0.0083 O (57) 1 K.TVMENFVAFVDE.C + [-58.0055 at D11]
515 697.8561 1393.6976 1393.7129 -0.0154 1 75 1 E.FPEAEFVEVTE.L + [+1l00.0160 at K3]
515 700.3382 1398.6619 1398.6853 -0.0235 O 70 4.%e-05 1 K.TVMENFVAFVDE.C






Manual Error Tolerance Search Steps

MASCOT MS/MS lons Search

1. Reqular search

{ibivers Mascot Search Results

User
Email
Search title
MS data file

: Sheng

: szld@cornell.edn

: Anto error tolerance
: X:\Sheng\mas504A. tmp

test

Your name |Sheng | Email |szl4@corne|edu | Database : SwissProt 20080728 (392667 sequences; 141217034 residues)
! Taxonomy : Mammalia (mammals) (63164 seguences)
Timestamp : 13 Oct 2009 at 19:10:01 GMT
Search title |Aut0 error tolerance test | Protein hits : ALBU BOVIN Serum albumin OS=Bos taurus GHN=ALE PE=1 Sv=4
TRYP PIC Irypsin 05=5us scrofa PE=1 5V=1
B K1C9 HUMAN Keratin, type I cytoskeletal 9 O5=Homo sapiens GN=KRTY PE=1 3V=2
v K1C9_HUMAN
Dﬂtabase |SWISSPrOt | EKE2C1 HUMAN Eeratin, type II cytoskeletal 1 O5=Homo =sapiens GN=ERT1 PE=1 5V=5
N DHE3 BOVIN Glutamate dehydrogenase 1, mitochondrial 05=Bos taurus GN=GLUD1 PI
Taxonomy | ceeeee .. Mammalia (mammals) V| -
- ) Probability Based Mowse Score
Enzyme | Trypsin v Allow up to missed cleavages
. . — Tons score 15 -10%*Log(P), where P 15 the probability that the observed match s a random event
.. Fixed [acery| (N-term) A \Variable [gijotin () Tndividual ions scotes > 39 indicate identiy o sstensive homology (p<0.05).
modifications Acetyl (Protein N-term) E) medifications Biotin (N-term Protein scores are derived from ions scores as a non-probabilistic basis for ranking protein hits
Amidated (C-term) Carbamidomethyl (C Penti
. ; eptide Summary Report
Amidated (Protein C-term) Carbamyl (K) 3 Perform SearCh
Ammaonia-loss (N-term C v Carbamyl (N-term
( ) — Vi ) [ Format As ] |F'eptide Summary V| Help
Quantitation | None V| Significance thresheld p< jtE umber of hits
Peptide tol. £ |1.5 || Da V| # 13C | 0 V| MS/MS tol. + Standard scorng O MudPIT scoring @ Jns score or expect cut—oE Show sub-sets E
. . . Shew pop-ups @ Suppress pop-ups Sort Lmassigned Requrre beld red
Peptide charge |2+ and 3+ v Monoisotopic & Average O
. Selact All Select MNone Search Selected v Archive Report
Data file [X:\Sheng\mas504A.tmp [ Browse... | [ J | J | M Error tolerant
- 1. ALBU_BOVIN Mass: 63248 Score: 2325 P matched: 75  emPAI: 1.77
Data format |Mascot generic V| Precursor I:l m/z ; T e T T T
|< heck to include this hit in error tolerant search or archive IEPGD
Instrument | Default v Error tolerant []
) fmery OChserved Mr (expt) Mr (calc) Delta Miss Score Expect Rank Peptide
pECoy [ Report top | AUTO ¥ | hits 22 395.2537 788.4928 788.4644 0.0284 O 18 0.011 1 RK.LVTDLTE.V
75 443.7565 ©85.4985 B85.4080 0.0905 O 54 0.0022 1 K.DDSEDLPK.L
I Start Search ... l Reset Form 173 507.8014 1013.5882 1013.6121 -0.0238 O  (48) 0.0087 1 K.QTALVELLK.I
174 507.8206 1013.6266 1013.6121 0.0145 O  (47) 0.0096 1 K.QTALVELLK.I
175 507.825% 1013.6373 1013.6121 0.0253 o (51) 0.0042 1 E.QTALVELLE.]
176 507.8342 1013.6539 1013.6121 0.0418 O 51 0.004 1 K.QTALVELLE.]
2, Manua/ error to,erance Wl 177 507.8389 1013.6632 1013.6121 0.0512 © (50} 0.0052 1 E.QTALVELLE.]






Manual Error Tolerance Search Steps

MASCOT MS/MS lons Search

Your name |Sheng |

Email |sz14@cornell.edu

Search title |Manua| error tolerance test

Database

Taxonomy | ............ Mammalia (mammals)

v|

eroyme

.. Fixed [acetyl (k)
modifications | scetyl (N-term)
Acetyl (Protein N-term)
Amidated (C-term)
Amidated (Protein C-term)

I

| £

Quantitation | None

]

Peptide tol. + # 130

Peptide charge 2+ and 3+

Data file X:\Shengimas504A.tmp
Data format Mascot generic

Instrument | Default V|

l

| start Search ...

Allow up to missed cleavages

I‘ liciert Mascot Search Results

Variable [oyidation (HW
modifications

Phospho (ST)
Phospho (Y)
Propionamide (C)

MS/MS tol. +

Monoisotopic &) Average ()

Precursor m/z

Error tolerant search

Report top | AUTO | hits

Uzer

Email

Search title
M5 data file
Database
Taxonony

Time=stamp
Protein hits

Sheng

zzl4dfcornell.edn
Manmal error tolerance
X:\Sheng\mas504A. tmp
SwizzProt 200B0728 (392667 =zegnences;
Mammalia (mammals) (63164 =seguences)
Error tolerant search of 1 entries

13 Oct 2009 at 19:58:21 GMT

ALBUO BOVIN Serum albumin O5=Eo=s tauru!

te=st

Probability Based Mowse Score

Tons score 15 -10%*Log(F), where P 15 the probability that the observed ma

Protein scores are derived from 1ons scores as a non-probabilistic basis fo

Number of Hits

T
2200
Probakility Based Mowse Score





Manual Error Tolerance Search Results

1. LIBU BOVIN Mass: 692418 Score: 2129 fmeries matched: 27
Serum albumin 05=Bos taurus GH=ALE PE=1 5V=4

- -
[¥] Check to include this hit in error tolerant search or archive report BSA SUCCInylatlon

Qnery Observed Mr {expt) Mr(calc) Delta Miss Score Expect Rank Peptide
75 443.7565 885.4985 885.3716 0.1269 O 54 1 E.DDSPDLPE.L + [-D.0364 at C-term K]
176 507.8342 1013.653% 1013.5757 0.0782 O 51 1 EK.QTALVELLE.H + [-0.0364 at C-term K]
264 560.3150 1118.6154 1118.4954 0.1200 O 54 1 EK.LVNELTEF.A + [+155.0041 at C-term F]
267 561.2785 1120.5425 1119.5747 0.9678 0O 63 1 D.REACFAVEGPK.L + [-58.0055 at E2]
293 582.2787 1162.5429 1162.5870 -0.0441 0  (56) 1 E.LVNELTEFAE.T + [-0.0364 at C-term E]
300 582.3039 1162.5932 1162.5870 0.0062 O 60 1 E.LVNELTEFAE.T + [-D.0364 at C-term K]
301 582.3169 1162.6192 1162.5870 0.0323 0  (60) 1 E.LVNELTEFAE.T + [-D.0364 at C-term K]
302 582.3302 1162.6458 1162.5870 0.0588 0  (59) 1 EK.LVNELTEFAE.T + [-0.0364 at C-term K]
305 582.8404 1163.6663 1163.6074 0.0589 0  (57) 1 FK.LVNELTEFAR.T + [+0.9840 at N3]
367 621.8409 1241.6672 1241.7231 -0.0559 0 (60} 1 EK.EQTALVELLE.H + [+100.0160 at N-term K]
369 621.8558 1241.6970 1241.7231 -0.0261 0  (52) 1 E.EQTALVELLE.H + [+100.0160 at N-term E]
370 621.8588 1241.7030 1241.7231 -0.0201 0O  (54) 1 E.EQTALVELLE.H + [+100.0160 at N-term K]
371 621.8637 1241.7129 1241.7231 -0.0102 O  (58) 1 E.EQTALVELLE.H + [+100.0160 at N-term K]
372 621.8781 1241.7416 1241.7231 0.0186 O 62 1 EK.EQTALVELLE.H + [+100.0160 at N-term K]
436 653.3410 1304.6674 1304.6725 -0.0051 O  (57) 1 FK.HLVDEPQNLIE.Q + [-0.0364 at C-term K]
437 653.3438 1304.6731 1304.6725 0.0007 0O  (68) 1 EK.HLVDEPQNLIE.Q + [-0.0364 at C-term K]
447 653.3832 1304.7518 1304.6725 0.0793 O 69 1 E.HLVDEPQNLIE.Q + [-0.0364 at C-term K]
443 653.3952 1304.7759 1304.6725 0.1034 0  (53) 1 E.HLVDEPQNLIE.Q + [-0.0364 at C-term K]
444 653.3976 1304.7806 1304.6725 0.1082 0  (54) 1 E.HLVDEPQNLIE.Q + [-0.0364 at C-term K]
446 435.9996 1304.9770 1305.6677 -0.6907 0  (52) 1 E.HLVDEPQNLIE.Q + [+0.9589 at I10]
474 671.3431 1340.6716 1340.6739 -0.0083 0  (57) 1 E.TVMENFVAFVDE.C + [-56.0055 at D11]
510 693.7849 1385.5553 1385.4768 0.0785 O 50 1 E.EYEATLEECC.A + [+197.0453 at E8]
515 697.8561 1393.6976 1393.7129 -0.0154 O 75 1 EK.FPEAEFVEVTE.L + [+100.0160 at K3]
513 700.3382 1398.6619 1398.6490 0.0129 O 70 1 E.TVMENFVAFVDE.C + [-0.0364 at C—term E]
S28 708.3355 1414.6565 1414.6439 0.0126 0  (52) 1 E.TVMENFVAFVDE.C + Oxidat] Possible Assignments:
551 480.6339 1438.8798 1438.8045 0.0753 0  (63) 1 R.RHPEYAVSVLLR.L
552 480.6396 1438.8970 1438.8045 0.0925 0  (57) 1 R.RHPEYAVSVLLR.L ;“igi‘iilmﬁ;ﬂﬁ;;gnoiﬁé] IR LODL0LICUN
553 480.6459 1438.9155 1438.8045 0.1114 0  (54) 1 R.RHPEYAVSVLLR.L
554 480.6477 1438.9213 1438.8045 0.1168 0  (58) 1  R.RHPEYAVSVLLR.L
[¥] 555 480.6489 1438.9250 1438.8045 0.1205 0  (76) 1 R.RHPEYAVSVLLR.L






Fragment Tolerance: = 0.6 Da
Max Missed Cled :

I

Humber of goeries : 1237
Protein hits : ALBUO BOVIN Serum albumin O5=Bos taurus GHN=ALE PE=1 5V=4

Select Summary

Interpreting Mascot Results:
Summary Report & Filters

s=te Ptak
acpd9@cornell.edn
Y:\M5\Sheng backup\Analyst data since 24Jul06%\Fro
o \DOCUME~1'\m=slab' LOCALS~1\Tenp\mas50F7 . tmp
SwissProt 200B0728 (392667 seguonences; 141217034 residnes)
OO : Mammalia (mammals) (63164 seqnences)
imestamp : 13 Oct 2009 at 18:20:45 GMT
NZYIe : Trypsin
ariable modifications : Carbamidomethyl (C) ,Oxidation (M) ,Snccinyl
5 values : Monoisotopic
: DMnrestricted
ass Tolerance : £ 1.5 Da

s%2009 07_16Data\090ct0s\XSm0O05 2

Search parameters

(E)

3

Proteins identified

nstroment type

TEYF FPIG Trypsin 05=8us scrofa PE=1 5V=1
EK1C% HUMAN Eeratin, type I cytoskeletal 5 O5=Homo sapiens GHN=ERTS PFE=1 5WV=2
E2C1 HUMAN Eeratin, type II cytoskeletal 1 0O5=Homo sapiens GN=EKRT1l PE=1 5V=

DHE3 BOVIN Glutamate dehvdrogenase 1, mitochondrial 0O5=Bos taurus GN=GLUD1 FE=1 5V=2

ormat As ] |Se|e|:t Summary (protein hits) V| Help

1.

Report filters

Significance threshold p< Mazx number of hits
Standard scoring O WudPIT scoring @ Tons score of expect cut—off Show sub-sets El

Show pop-ups @ Suppress pop-ups O Sort unassigned| Decreasing Score V| Eequire bold red

ALEU BOVIN T8 Score: 2211 fmeries matched: 2.49
Serum albumin 05=Bos taurus GN=ALE PE=1 35V=4
Qoery Observed Mr (expt) Mr(calc) Delta Misz Score Expect Rank Peptide
22 385.2537 788.4928 788 .4644 0.0284 0 48 0.024 1 E.LVTDLTE.V

75 443 .TRAR ARR. 498K AR5 . ANAN N.nans n A4 n.nns 1 H.TMEPFDIPE. 1.






Interpreting Mascot Results:
Peptide Summary

Probability Bas core

Ions s 15 -10*LogiP), where P is the probabdity that the observed match is a random

dual 1ons scores = 44 indicate 1dentity or extensive homology (p<=0.057.
tein scores are denved from 1ons scores as a non-probabiistic basis for ranking protem hits.

o I

Probability scores

Number of Hits

T T T T T T T 1
SO0 1200 p=lele] 20000 et Nele]
Probability Based Mowse Score

| Peptide Summaywy Report

Format As

[ e T ————
|V ‘Select Summary (protein hits) : laze. munber of hits |[AUTO

Select Summa unassigned .
Export Search gelzsulta J ! sring & Tons score or expect u:ut—c::-EF

Show pop-ups & Suppress pop-ups ) Sort massjgned| Decreasing Score

Archive Report

NSelect All [ Select Mone ] [ Search Selected ] []Error tolerant [
1. A LSyt T Mas=s: &2248 Score: 2211 Umeries matched: Z2&
Serum allka BRRL— = Caurus GN=ALE PE=1 5V=4

[[] check to include thi=s hit in error tolerant search or archive report

Expect Rank Peptide

Omnmery Obh=serwved Mr (expt) Mr {(cala) Delta Miss Score
22 395.2537 788 .4928 788 .4644 0O.0284 o 48 0O.024 1 KE.LVTDLTE.W
[w] 75 443 .T7T565 B885.4985 885.4080 0.0905% [n] 54 o.00% 1 K.DDSFDLPE.L






Interpreting Mascot Results:
Peptide Summary

Peptide Summary Report

[ Format As ] |F'eptide Summary V| Help
Significance threshold p= Meaot. number of hits AUTO
Standard scoring O WudPIT scoting @ Tons score or expect cut—oEE Show sub-sets El

Show pop-ups & Suppress pop-ups O Sort unassigned|Decreasing Score V| Require bold red

[ Search Selected l [1Error tolerant l Archive Report ]

ALEUO BOVIN
Serum alba

Mas=s: £924%8 Score: 1525 Pueries matched: 37 emPAT: 0.66
n O5=Bos taurus GN=ALE PE=1 5V=4

o include thisz hit in error tolerant search or archive report

Qnery Observed Mr (expt) Mr (caleo) Delta Mi==zs Score Expect Rank Peptide
300 582.316% 1162.6192 1162.6234 -0.0041 o] 61 0.0013 1 E.LVHNELTEFAE.T
301 582.3302 1162.6458 1162.6234 0.0224 o] (60) 0.0016 1 E.LVHNELTEFAEK.T
3668 621.840% 1241.6672 1241.7231 -0.0559 1 58 0.0021 1 K.EQTALVELLE.H + Snccinyl (EK)
370 621.8637 1241.712% 1241.7231 -0.0102 1 (58) 0.0022 1 KE.EQTALVELLE.H + Snccinyl (EK)
4368 6©53.3438 1304.6731 1304.7088 -0.0357 o] (68) 0.00022 1 E.HLVDEPQNLIE. D
653.3832 1304.7518 1304.7088 0.0430 o] 6% 0.00019 1 KE.HLVDEPQNLIK.
L8561 1383.6976 1393.7129 -0.0154 1 74 6&.2e-05 1 E.FPEAEFVEVTE.L + Succinyl (E)
o0 3389 1308 ££10 1308 £oR2 0O 0338 0 a8 In B s TaTaledrid | .

E

4l Top scoring peptide matches to guery 513
File: X5m005 20.wiff, Sample: X5Sm005 20 (sample number
Score greater than 44 indicates identity

, Elution: 38.13 to 38.15 min, Period: Cycle (=)

Score Expect Delta Hit Protein Peptide

73.6 6.2e-05 -0.0154 1 ALBU BOVIN K.FPEKAEFVEVTE.L

28.6 2 0.9363 R.TEAENEFVIVEE.D

22.2 8.6 -0.0273 ¥.KQMREFRGNTE.N .
19.0 18  -0.0702 K.RAAATFAHLDVTE. Q POp-UpS ShOW more detaIIS

17.7 24 0.0395 K.ENCDIIIQAMTK. I

17.7 24 0.1083 R.TRNGGGGCESETV(.

— TA_1 35 0.49871 R_MAOVVOUVMASAVH .V





Interpreting Mascot Results:
Protein View

Protein View

to: ALBD BOVIN Score: 2217

albumin OS=Bos tanrns GH=ALEBE PE=1 5SW=4

in search of c:WDOCUME~l'm=labs\LOCALS~1%TemphmasSOoFT . tmp

Match
Sertom
Found
HNominal mass (M_): 69248; Calculated pl wvalus: 5.82
NCEI BLAST =search of ALED BOVIN against nr

Tnformatted sequence string for pasting into other application=

Taxonomy: BosS taurus

Variable modifications: Carbamidomethyl (C) ,Oxidation (M) ,S5Succinyl (E)
Cleavage by Trypsin: cut=s C—-term =ide of ER unless=s next residue i=s P
Sequence Coverage: 32%

Matched peptide=s shown in Bold Red

1
51
101
151
201
251
301
351
401
451
501
551
601

MEWVIFISLL
FSQYLQQCEF
VASLRETYGD
KLDEKKFWNGE
LLPFEIETHMRE
FVEWVTELVTD
CCDEFLLEKS
GSFLYEYSRR
RHLVDEPQNL
RSLGEVGTRC
TESLVNRREC
ALVELLEHEP
STQTRALL

LLFSSLYSRG
DEHVELVNEL
MADCCEKQEF
YLYEILRRHP
EVLLSSLRQR
LTEVHREECCH
HCILEVEEDA
HEPEYAVSWVLL
IRKQNCDQFEK
CTHEPESERME
FSLLTFDETY
RATEEQLETV

WFEFEREDTHESE
TEFAETCWVAD
ERNECFLSHE
¥FFYAPELLYY
LECASTQFFG=
GDLLECADDE
IFENLFFLTA
RLAKEYEATT.
LGEYGFOMNAL
CTEDYILSL.IT.
WVPELFDEFLFEF
MEMNFWVAFWVDE

[ Show predicted peptides also

IAARFEDLGE
ESHLGCEESL
DDESFPDLEPELE
AMNEYNGVEQE
ERALEAWSWVA
ADTARYTCDH
DFAEDEDWVCE
EECCAKDDFH
IWRYTEREWVED
HNRLCVILHAEKT
TFALDICTLF
CCanDDEELC

EHFEGLVLIL
HTLFGDELCK
PDENTLCDEF
CCQRLEDKGLC
RLSORFPEAE
QDTISSKLEE
NYQELRKDAFL
ACYSTVFDEL
VSTPTLVEVS
BEVSEEVTECC
DTEEQIREQT
FLVEGEELWVV





Interpreting Mascot Results:
Protein View

Sort Peptides By ] @ Residue Humber C Increasing Mass O Decreasing Mass

Start - End Observed Mr (expt) Mr {calc) Delta Mis= Seqgnence .
246 - 258 697.8561 1393.6376 1353.712% -0.0154 1 K.FPEAEFVEVTK.L Succinyl (E)\(Ions score 74
347 - 353 754 .8267 1567.6385 1566.7354 0.59034 0 K.DAFLGSFLYEYSR.R (Ions score
360 - 371 430.6489 1438.9250 1438.8045 0.1205 1 R.RHPEYAVSVLLR.L (Ions score 73)
360 - 371 450.6511 1435.5314 1435.8045 0.1269 1 R.BHPEYAVSVLLR.L (Ions score &68)
360 - 371 450.6610 14385.5610 1435.8045 D.1566 1 R.EHPEYAVSVLLR.L (Ions score E81)
360 - 371 430.6781 1439.0124 1438.8045 0.207%9 1 R.RHPEYAVSVLLR.L (Ions score 72)
402 - 412 653.3438 1304.6731 1304.7088 -0.0357 0 K.HLVDEPQNLIK.Q (Ions score &8)
402 - 412 653.3832 1304.7518 1304.7088 0.0430 0 K.HLVDEPQNLIK.Q (Ions score &639)
421 - 433 T740.3784 1478.7422 1478.7881 -0.045% 0 K.LGEYGFQNALIVR.Y (Ions score 95)
421 - 433 T740.3809 1478.7472 1478.7881 -0.0410 0 K.LGEYGFONALIVR.Y (Ions score BE)
421 - 433 740.3816 14785.7486 1475.7581 -0.0396 0 K.LGEYGFQNALIVR.Y (Ions score 1035)
421 - 433 740.3851 1478.7557 1478.7881 -0.0324 0 K.LGEYGFQNALIVR.Y (Ions score 99
421 - 433 740.3978 1478.7811 1478.7881 -0.0071 0 K.LGEYGFONALIVR.Y (Ions score 89)
421 - 433 740.4003 14785.78561 1475.7581 -0.0020 0 K.LGEYGFQNALIVR.Y (Ions score 112)
421 - 433 740.4018 1478.785%1 1473.7381 0.000% 0 K.LGEYGFQNALIVR.Y (Ions score B7)
421 - 433 T740.4040 1478.7335 1478.7881 0.0054 0 K.LGEYGFQNALIVR.Y (Ions score 105)
421 - 433 T740.4044 14785.79243 1475.7581 0.0062 0 K.LGEYGFQNALIVR.Y (Ions score 293
421 - 433 454 .2381 14795.6525 1473.7581 0.5044 0 K.LGEYGFQNALIVR.Y (Ions score E0)
437 - 451 547.3323 1638.9750 1638.5305 0.0445 1 R.EVPQVSTPTLVEVSR.S (Ions score 59)
437 - 451 547.34%0 1639.0251 1635.35305 0.0%4a 1 R.EVPQVSTPTLVEVSR.S (Ions score 71)
437 - 451 547.3529% 1639.0365 1638.5305 0.1064 1 R.EVPQVSTPTLVEVER.S (Ions score T73)
437 - 451 547.3568 1639.0486 1638.5305 0.1181 1 R.EVPQVSTPTLVEVSR.S (Ions score 77)
437 - 451 547.6403 1639.8%%2 1635.5305 0.9687 1 R.EVPQVSTPTLVEVSR.S (Ions score 68)
437 - 451 547.6712 1639.95%17 1635.5305 1.0612 1 R.EVPQVSTPTLVEVER.S (Ions score 75)
437 - 451 870.4118 1738.8091 1738.9465 -0.1374 1 R.EVPQVSTPTLVEVSR.S BSuccinyl (K) (Ions score &9
569 - 580 700.3382 1398.6619 1398.6853 -0.0235 0 K.TVMENFVAFVDE.C (Ions score &68)
e i A = . . .
= - - e e i e e T
R R e 5
E ] E 290 - CT
0 LTy n———J————r ———————————————— LA 0 e R — e mmm - L.
T T T T T T T T T T T T T T T T T T T T T T .I T T T T T T T T T T T T T T T T T T T T T T .I
1300 1y 156 1660 1700 1306 1y 1506 1a60 1700

RMS error 243 ppm Mazz (Da RMS error 243 ppm Mazz (Dal)
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Interpreting Mascot Results:
Peptide View

Peptide View

LSS Fragmentation of FPKAEFVEVTE
Found m ALBU _BOVIN, Serum alburun O5=Bos tauwrus GHN=ALE PE=1 5V=4

Match to Query 513: 1393 697564 from(697 856058, 2+)
Title: File: 25m005 20 waft, Sample: Z5m005 20 (zample number 1), Elubon: 25,13 to 3819 mun, Pertod: 1, Cycle(s): 465 (Expenment 37,
Data file c/\DOCTIME~Tynelab\LOC AT S~ Tempinas 50F 7 trp

Chek mouse within plot area to zoom m by factor of two about that pont

Or, 100 to [1300 Da Full range
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Interpreting Mascot Results:
Peptide View

Monoisotopic mass of nentral peptide Mr(calc): 1393.712%9
WVariable modifications:

K3 ! Succinyl (E)

Tons Score: 74 Expect: £.2e-05

Matches (Bold Red): 35/112 fragment ions

g 50 most intense peaks Probability scores

4 2 2t a* 2=t B b* b=+ Seq. v v = #
1 120.0808| 60.5440 148.0757Y 74.5415 F 11
2 217.1335)10%9.0704 2451283 Q230679 P J1247.6518 §24.3295/1230.6252|615.8163 |10
3 4452445/223125%9) 428 2180 214,61 473.2395 §37 1234 4562129 2226101 K 5.8032|1133.5725 567.28%9% ) 9
4| 516.2817|258 6445| 45892551 250,13 544.2766 X72 6419 5272500 264 1286 A 17477 905.4615|453.2344 | 8
5 A453242|323 1658 6282977 314,655 673.3192 ZF?.1632 B36.2926|328 6459 Ef| 831.4309 4p6 2291| 2344244 4177158 7
6 7923927 |296. 7000 7753661 3881547 | 820.3876 106574 803.3610|402.1842| Ff| 722.4083|3p1. 7072 705 3818|353.1845) 6
T B914611 (446 2342 | 874 4345 4377200 919.4560 460 2316 202 4254|451 7184 | V| 575.3399 | 2FR 1736 998 3134 2796603 5
8 1020.3037|510.7555|1003 4771 | 502.242¢ | 1048.4986 247529 1031.4720|316.2397| E|| 476.2713 |2BE 6324 459 2449/230.1261 | 4
0/1119.53721 |560.2897|1102.5455 551.7764 | 1147.5670 74,2871 1130.5404 | 5657739 V| 347.2289 ¥/4.1181| 330.2023|165.6048 3

1012206198 610 81351203 5932 602 300241248.6147f624.8110 1231 5581 6162977 T | 248.1605 J24 583%) 231 13391160706 2

11 K \147.1128f 74.0600| 130.0863| 655468 1

I e e R L1 e . T T
T =3
o T e e iRl el o R I
5 -0 Lo T ____ o mmmem oo TN SRt 5 o . [ N I S T
P P
B R L EE P T e oo oo ...l
=03 7T T T T T T 71— —1000— T T T T T T T T T T T 1
200 iy 00 ] 100003 1200 200 Eh) B0 ] 10000) 1200

RMS error 384 ppm Mazs (Dal RHS error 384 ppm Mazs (Dal





Interpreting Mascot Results:

Export search results

Timestamp : 13 Ot 2009 at 18:20:45 GMT
Protein hits : ALBU BOWVIN Serum albumin 05=Bos taurus GN=ALE PE=1 5V=4
ALBUO SHEEP Serum albumin C5=Cwvis aries GN=ALB PE=2Z 5V=1
TRYP PIG Trypsin 05=5Sus scrofa PE=1 5V=1
F1CS HUOMAN Eeratin, type I cytoskeletal 9 O05=Homo sapiens GH=ERTS PE=1 5SV=2
E2C1 HUMAN EKeratin, type II cytoskeleral 1 (O5=Homo sapiens GN=ERT1 PE=1 5WV=5

DHE3 BOVIN Glutamate dehydrogenase 1, mitochondrial 05=Bos taurus GN=GLUD1 PE=1 5V=2

Probability Based Mowse Score

Tons score 15 -10%Log(P), where P is the probabality that the observed match 15 a random event.
Indradual ions scores = 44 mdicate identity or extensive homeology (p<0.02).
Protem scores are denved from 1ons scores as a non-probabiistic basis for ranking protein hits.

20

Number of Hits

o

0 T T I-I

T T T T
0 iy SO0 1200 1600 2000 2400
Probahility Bazed Mowse Score

Peptide Summary Report

I Format As ] Exr:rrt Search Results V| Help
Significance threshold p= Mazx. number of hits AUTO
Standard scoring O WMudPIT sconng @ Tons score or expect cut-oE Show sub-sets El

Show pop-ups & Suppress pop-ups O Sort unassigned| Decreasing Score V| Fequire bold red






Interpreting Mascot Results:

Export search results

Export format

Significance threshold p<
Max. number of hits

Protein scoring

Ions score cut-off

Include same-set protein hits

(additional proteins that span
the same set of peptides)

Include sub-set protein hits
{additional proteins that span
3 sub-set of peptides)

Require bold red
Search Information

Header
Variable mod. info.
Search parameters
Format parameters

Residue masses

C5v hd

0.05
AUTO

Standard O
30

O

[=

=

O EEFE

MudpPIT &

Query Level Information |

Query title
seq(), comp(), tag(), etc.

Query level
search parameters

MS/MS Peak lists

Raw peptide match data

Export search results

Help  Protein Hit Information

Score

Description”

Mass (Da)"

Number of queries matched

Percent coverage™

Length in residues™ []

pI™”

Taxonomy™ [

Taxonomy ID™ []

Protein sequence™ [ ]

emPAI
* Occazionally requires information to be retreved from extemal utilities, which can be
*% Always requires information to be retheved from =xtermal wtilities, which can be =low

[ Export search results

Peptide Match Information

Experimental Mr (Da)
Experimental charge
Calculated Mr (Da)
Mass error (Da)
Start

End

Mumber of missed cleavages
Score

Homology threshold
Identity threshold
Expectation value
Sequence

Frame number

Variable Modifications

Mumber of fragment
ion matches

Query title

Unassigned gueries
(peptide matches not
assigned to protein hits)

<]

KEOORXEODOEKXE E

& O

O & O





Interpreting Mascot Results:

Score

Homology threshold
Identity threshold
Expectation value
Sequence

Frame number

Variable Modifications

Number of fragment
ion matches

Query title

Unassigned queries
(peptide matches not

assigned to protein hits)

Query Level Information

Query title
seq(), comp(), tag(), etc.

Query level
search parameters

MS/MS Peak lists

Raw peptide match data

K E OO E

& O

& O

1

O

File Download

Export search results

Do you want to open or save this file?

E;' Mame: FO43256,csy
. a’

Twpe: Microsaft Office Excel Comma Separated Yalues File
From: mascot.biokech. cornell.edu

Open ] [ Save ] [ Cancel

X

harm your computer. |f you do nat st the source, do not open or

l@ While files from the Internet can be useful, zome files can potentially
L
= zave thiz file. What's the rigk?

[

Export search results






Interpreting Mascot Results:

Search title
Timestamp

User

Email

Report URI

Peak list data path
Peak list format
Search type
Mascot version
Database

Fasta file

Total sequences
Total residues
Sequences after taxonomy
filter

Number of queries

Variable modifications

Identifier

Search Parameters

Taxonomy filter
Enzyme

Maximum Missed Cleavages

Fixed modifications
Quantitation method
Variable modifications
Peptide Mass Tolerance

Export search results:

Y:\MS\Sheng backup\Analyst data since 24Jul06\Projects\2009_07_16Data\090ct09\XSm005_20.wiff (sample number 1)

2009-10-13T18:20:45Z
Celeste Ptak
acp49@cornell.edu

http://mascot.biotech.cornell.edu/mascot/cgi/master_results.pl?file=../data/20091013/F043256.dat

c¢:\DOCUME~1\mslab\LOCALS~1\Temp\mas50F7.tmp

Mascot generic
MIS
2.2.04
SwissProt
SwissProt_20080728.fasta
392667
141217034
63164
1237
Name Delta Neutral loss(es)
1Carbamidomethyl (C) 57.02147 0
2 Oxidation (M) 15.99492 63.99829 0
3Succinyl (K) 100.016 0

............ Mammalia (mammals)

Peptide Mass Tolerance Units Da

Fragment Mass Tolerance

Trypsin
3
None
Carbamidomethyl (C),Oxidation (M),Succinyl (K)
1.5
0.6





Mascot-based GPS Explorer Database Search for MALDI-TOF/TOF Data

Resulks Browser

Beta-Galac

MALDI PLATESl SOURCEPLATES | METRICPLOT | METRICDATA | mMsms sUMmery |

O0O0OOOCOOoOCOGOOCO

o . N S N N S N S Y

PROTEINS IN CURRENT SPOT | PROTEIM SUMMARY | A

Proteins - Plate: 1 Spe€ C11 TN
_ . _ _ Peptid Protein Protein Score Total lon | Bestlon |Bestlon| Total lon
Rank Protein Hame Accession Humber | Protein MW | Protein Pl Cou Score L% Score |Score CL % | Score |Score C.L %
1 unhamed protein product [E zcherichia coli] gi1197203 1162731 5.2800 kr \ a8 100.000 487 100.000 a7 100.000

2 Chain D, E. Coli [Lacz) Beta-Galactozidase [ES37q | gill 7943282 116311.0 k2000 36 \ 775 100.000 487 100,000 37 100,000
{ MATRIX \

et Mascot Search Results

User

Email :

Search title : SampleSetID: 2882, AnalysisID: 5898, MaldiWellID: 78894, SpectrumID: 159720, Path=Yong\sensitivity tes
Databhase : HCBInr 20050405 (2419798 segquences; 819541351 residues)

T axonomy : Escherichia coli {28251 =sequences)

Timest amp : 22 Apr 2005 at 17:48:56 GMT —
Top Score : 788 for gi|17943265, Chain H, E. Coli {(Lacz) Beta-Galactosidase In Complex With 2-F- Lactose. Chains A-

Probability Based Mowse Score

Soore 12 - 10%¥Log(P), where P iz the probabaity that the observed match 15 a random event.
Protein scores greater than 57 are significant (p=0.05).

35
el
20
20
15
10

Number of Hits

0 T T T T T -I T T T T -I_-l T T
0 280 fajalv] Fa0
Probability Based Mowse Score
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Take-home Messages

v Describe how MS/MS lon Search works

v List most common reasons for failed searches

v Describe the significance of False Discovery Rate
determination

v Describe the circumstances required for error
tolerance search
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