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MATRIX j
S5 Mascot Search Results
User 1 JSC
Email : Jeottrell@matrixscience.com
Search title : Annexin first pass
MS data file : C:\Projects\Exhaust\ms data\gtof20953.mgt
Database : MSDB 20020415 (851746 sequences; 263326103 residues)
Timestamp : 22 May 2002 at 15:35:36 GMT
Significant hits: AAAS1708 HUMALPPA HID: - Homo sapiens
96DB7 HYPOTHETICAL 58.0 KDA PROTEIN.- Homo sapiens {Human).
016727 PLACEHTAL-LIKE ALKALIHE PHOSPHATASE PRECURSOR (EC 3.1.3.1).- Homo sapiens (Human}).
TVHUYS protein-tyrosine kinase (EC 2.7.1.112} yes-1 - hman
AAG41947 AF304164 HID: - Homo sapiens
2TGD trypsin (EC 3.4.21.4) precursor (diisopropylphosphorylated) - hovine
1HTR trypsin (EC 3.4.21.4) (isopropylphosphorylated} - bovine
¥ES AVISY Tyrosine-protein kinase transforming protein ¥YES (EC 2.7.1.112).- Avian sarcama virus (str.
9UBR3 IHSULTIH RECEPTOR SUBSTRATE PROTEIN OF 53 KDA (A SHORTER FORM) .- Homo sapiens (Human) .
151593 protein-tyrosine kinase (EC 2.7.1.112) yes — Xiphophorus helleri
Ad49114 protein-tyrosine kinase (EC 2.7.1.112) fyn - Pacific electric ray
KPY1_HUMAH Pyruvate kinase, M1 isozyme (EC 2.7.1.40) (Pyruvate kinase muscle isozyme} {Cytosolic thyr
137984 keratin 9, type I, cytoskeletal - human
B26168 ribophorin IT precursor - human
Q9PVU9 SRC-LIKE B (FRAGMENT).- Lethenteron reissneri.
TVHULY protein-tyrosine kinase (EC 2.7.1.112) 1lyn, splice form A& - human
PAHUL alkaline phosphatase {(EC 3.1.3.1) precursor, intestinal - human
Q91710 HEUROHAL C-SRC TYROSINE-SPECIFIC PROTEIN KIHASE.- Rattus norvegicus (Rat).
9DDKG SRC-FAMILY TYROSIHE KTHASE SCK.- Salmo salar (Atlantic salmon).
A46506 leukocyte activation antigen Mé - human
Ad44861 keratin, 67K type II epidermal - human
092957 SRC TYROSTHE KIHASE.- Rous sarcoma virus.
095357 PUTATIVE G PROTEIN-COUPLED RECEPTOR (CDHA FLJ10899 FIS, CLOHE HT2RP5003506) (RETINOIC ACID
9H2KI CARBOXYPEPTIDASE M.- Homo sapiens (Human}).
Q9UHR4 INSULIN RECEPTOR TYROSIHE KIHASE SUBSTRATE.- Homo sapiens {Human).
I61771 keratin 6f£, type II - human
AAD43866 AF099011 HID: - Homo sapiens
AADD5191 MUSKTEP2A NID: - Mus musculus
9D2KS 0 DAY NEOHATE HEAD CDHA, RIKEN FULL-LENGTH ENRICHED LIBRARY, CLONE:4833436C19, FULL INSERT ~
| | Ll_l
2] Dore [ [ [BE iocalintranet

In any search of a large LC-MS/MS dataset
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| Fle Edt View Favories Took Help |

J B R | at | hsearch [ElFavorites  (History | - S H - ”HPowermarks EL P o %

| address [&] hitp:j/delisoonjmascotfcifmaster_resuls.plzfle=. jdata/Z0001016/F003980, dat ] @

Unassigned gueries: (no details means no match) =
Query Observed Mr{expt) Mr(calc) Delta Miss Score Rank Peptide

zo 491. 66 981.31 930,44 0.87 o 35 1 OQMYWWCCHE + Carkamidemethyl (C)

16 464. 66 927.35 925.41 0.94 o 28 i FCNLGHR + Oxidation (M); Propionsmide (C)

34 604.15  1206.29  1205.65 0.63 0 24 1 FEGDYVIVLK + 3 Methyl ester (DE)

4 787.30 786.29 785.46 0.2 0 23 1 QVLAEVK
a 825.34 824.33 824.51  -0.18 0 22 1 IVVPEIR
I3 103.66 805.29 804.41 0.89 0 21 1 MDLSPVK + Oxidation (M)

7 711.73  1421.45  1420.77 0.67 2 20 1 FDAKIMLEKLR + Acetyl (H-term); Dwidation (M)

sa 659.17  1316.32  1315.61 0.71 o 20 1 WDPLDFPDHK + Acetyl {N-term); 2 Methyl ester (DE)

19 491.20 980.38 980.54  -0.15 0 20 1 LINSFIMK + Oxidation (M)

24 515.18  1024.36  1028.45 -0.09 0 18 1 GOQDTGPDR + Acetyl (H-term); Methyl ester (DE)

B6 761.71  1521.41  1521.82  -0.41 O 18 1 FPAPFEVCLFSIK + Carbamidomethyl {C)

55 §42.70  1283.39  1283.70  -0.31 1 18 1 SPRYTHAIVER + heetyl (H-term)

167 803.47  3209.84  3209.46 0.38 0 18 1 ERPLGOIVEEQDRRAVGGGGOSAHOSGANEVE + 5 Methyl ester (DE);:
114 894.30  1786.59  1786.97  -0.37 0 17 1 TVDEVUSTBIDITIVGR + Methyl ester (DE)

14 431.65 861.29 860.37 0.92 0 17 1 EYHYYK + Pyro-glu {H-term E}

113 893.26  1784.54  1784.96  -0.41 2 17 1 KRLEWHPSEVFLEK + Acetyl (H-term)

52 §70.20  1338.38  1337.57 0.81 1 17 1 KDGSQCCPQCK + Carbamidomethyl (C): Methyl ester (DE): Pt
137 739.52  2215.53  2215.97  -0.43 1 17 1 YWFCYSTKCYYFTMNK + Carbamidomethyl {C)

151 833.57  2497.69  2498.33  -0.64 2 16 1 MIVRIVSHAVHALTSGADDHVKR + Acetyl (H-term); Methyl ester
z6 521.20  1040.38  1040.41  -0.03 O 14 1 SIFDCGDDK + Acetyl (H-term)

39 581.66  1161.31  1161.87  -0.26 0 14 i OOLLEMFEK + Methyl ester (DE): Pyro-glu [H-term Q)

35 554.186  1106.35  1105.55 0.60 0 14 1 ESLOSVLDK + Acetyl (H-term); Carbamidomethyl (C); Methyl
136 731.51  2191.52  2190.94 0.58 2 13 1 ECDLTDRADEAFRDAFAGR + Acetyl (H-term); 2 Methyl ester (I
165 788.69  3150.71  3150.41 0.30 1 13 1 EDLRHLCICSVDPPGCTDIDDALHCR + Acetyl (H-term): Carbamidon

51 446.81  1337.42  1336.65 0.77 1 13 1 (QGRVTWEEYR + Methyl ester (DE)

89 764.71  1527.40  1526.87 0.5¢ 0 13 1 STQLATLVSLSTPR + Acetyl (H-term)

54 453.17  1356.48  1355.73 0.75 2 13 1 SEVEWPAVRER O
111 59z.87  1775.60  1975.76  -0.16 1 13 1 EKEISDDEAEPEDEK + Methyl ester (DE]

‘I 154 /55 4Qn 2564 RA 2565 17 —-n_51 n 13 1 lr‘wrnlan!nchnanQClmw + Carhamidomatherl (04 L'LI
2] Done [E

There are always a number of spectra which get poor scores, or even no
match at all.



liMascot search Results: Pept rosoft Internet Explorer
Bl E

bk -

agdress [&]

{5 Mascot

Edit  Yiew Favortes Tools  Help
ek - - Q[ 4| @oeaeh CiFevoress (@Hstory | Bh- S A - 7| [owermanis B 4 %6
Peptide View address [&) _view.plrfle= SE0SEp=1

MATRIX
LSS Frssmatation sezvws| Zocitacis Mascot Search Results
Found in CHR TN, sodium cha

Peptide View
Matchto Query 8 (412.71,24)

Erom data fle UNMascot test d | 1{S/04S Fragmentation of [LAEQNLEDTR

Found in 092805, GOLGI COMPLEX AUTOANTIGEN GOLGIN-87 (GOLGL AUTO ANTIGEN, GOLGILY
Click mouse within plot area to 2¢| SUBFAMILY A, 1).- Homo sapiens (Huma).

Or, _ Plotirom | [o to]
Match to Query 126 (645.18,24) sum of scan(s) 1758 1761 1764 1767 1770 1773 1776 1779 1782
Frotn data fle C:\Projects\Exhaustims datalqtof20957 mef

Click mouse within plot area to zoom in by factor of two about that point

Qr, _Plotiom [[io0 yo[1150 Da

ATRIX
SCIENCE

Sometimes, this is because the spectra are empty, or contain little more
than noise. However, some of the spectra may contain clear sequence ion
ladders at good signal to noise



Why do we fail to get a match?

Things that shouldn’t happen:
= Incorrect determination of precursor charge
e Underestimated mass measurement error
Things that often happen:

Enzyme non-specificity

Unsuspected chemical & post-translational
modifications

Peptide sequence not in the database.

{ MATRIX
SCIENCE

Why do the good quality spectra fail to match? Some problems are easily
remedied. For example, the precursor charge may have been called
incorrectly, or the mass tolerance estimate may be over-optimistic.

Enzyme non-specificity is very common, and can be addressed with a no-
enzyme search, but this is very time consuming.

The two other causes of failure to match are more difficult to deal with:
Unsuspected modifications and variations in the primary sequence.
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Mann, M., Wilm, M., Anal Chem 1994, 66, 4390-9

{ MATRIX
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The best tool available for finding matches when there are unsuspected
modifications or variations in the primary sequence is the error tolerant
sequence tag, developed at EMBL. The standard tag combines an
interpreted tag with the flanking fragment ion masses, the peptide mass,
and the enzyme specificity.

By relaxing one or more of these constraints, the tag can accommodate
enzyme non-specificity and / or unexpected mass differences to one side

or the other of the tag.



Error Tolerant Sequence Tag

Rapid search times
Requires good quality data
Only a filter: no score
Results need interpretation.

MATRIX
SCIENCE

The error tolerant sequence tag is a very fast search, but the data quality
has to be high enough to interpret a reliable tag. Also, the error tolerant
sequence tag is less specific, and it becomes more likely that multiple
hits will be found.

Since there is no score to indicate which hit is the best match, and
whether the best match is significant, the user has to reconcile the
spectrum to each of the candidate sequences, and decide which match to
accept.

To address these limitations, we decided to investigate an error tolerant
approach using Mascot to search uninterpreted data



Error Tolerant Search of
Uninterpreted MS/MS Data

Enzyme non-specificity

* ‘no-enzyme’ search

In Silico digestion of NCBI nr (850,000 entries)
¢ 6000 tryptic limit peptides 1500 Da = 0.5

* 2,400,000 non-specific peptides 1500 Da + 0.5

{ MATRIX
SCIENCE

Searching a complete sequence database with no enzyme specificity
takes much longer than the same search with (say) tryptic specificity.
This is because there are between 100 and 1000 times as many peptides
to be tested.



Error Tolerant Search of
Uninterpreted MS/MS Data

Unsuspected chemical & P-T modifications
* Iterate through comprehensive list.

{ MATRIX
SCIENCE

For unsuspected modifications, it would be nice to try all possible mass
values at all residue locations. Unfortunately, this doesn't work because
all specificity is lost. We have chosen to iterate through a very
comprehensive list of modifications



Chemical & P-T Modifications

Ed Microsoft Excel - mod_file_consclidation.xls

E‘\e Edit Yiew Insert Format Tools Data Windew Help

DR ERY tmad|lo-c ez st zl@m 2|
A2 | =| Acetylation

A

| B c D E [ F [ G [H[ITJ[K[C[M[N][O]F
Mono Average _ Site(s) Short name Hidden Notes C H N O P S NaF S
PEO Biotin 41419970 414.619 C PED Biotin (C) E
Phosphorylation 7996633 79880 5T Phospho (ST)
Phosphorylation Neutral loss 97.97690  97.895 MeutralLoss  Phospho (ST)
Phosphorylation 7996633 79.980 Y Phosho (V)
Phosphorylation with neutral loss of HIPO4 | -18.01057  -18.015 5,7 PhosphohL (ST)  hidden
Acrylamide adduct (propionamide) 7103712 71079 ¢ Propianamide (C)
Pyridyl 1M9.06712 119.123 K Pyridyl () hidden
Pyridyl 119.03712 119.123 Merm Pyridyl (M-term)  hidden
Pyro-glu fram E -18.01067  -18.015 Residueshiterm Pyro-glu (M-term E)
Pyro-glu from Q -17.02655  -17.030 Residueshterm Pyro-glu h-term Q)
Siia 127.06333 127.143 K ShiA ()
ShiA 127.06333 127143 Mterm ShiA (N-term)
Sodium adduct 2198184 21.982 Ctemn Sodiated (C-term)
Sodium adduct 2198194 21.882DE Sodiated (DE)
S-pyridylethylation 10506786 106.139 C S-pyridylethyl (C)
Sulphone 3198983 31899 M Sulphone (M)
Citrullination 0.98402 0985 R Citrullination hidden
Wethylation 14.01565 Methylation (res)  hidden
hethylation 14.01565  14.027 Residueshiterm Methylation (term)  hidden
Hydroxylation 15.98432 15999 PKON Hydroxylation hidden
di-Methylation 26.03130 diMethylation (res)  hidden
di-Methylation 2603120 diMethylation term) hidden
tri-Methylation 42.04695 tri-Methylation {res)  hidden
tri-Methylation 4204695 42.080 Residueshemn tri-Methylation fterm) hidden
Gamma-carboxylation 4398983 44.010DE Gamma-carboxylatior hidden
Beta-methylthiolation 4596772 46087 D Beta-methylthiolation hidden
Sulfation 7996062 B0.058 Y Sulfation hidden
Phosphorylation 7996633 79980 HCD Phosphorylation  hidden
C-Mannosylation 162.06283  162.142 W C-Mannosylation  hidden
16205283 162142 NTK Glycation {res) hidden
162.06263 162142 Mterm Glycation (term)  hidden
188.08296  188.302 K Lipoyl hidden
2030793 203194 STH 0-Glehac hidden
Famesylation 0418781 204355 C Farmesylation hidden
hyristoylation 21049887 210.359 K Myristoylation (res)  hidden

st e/ vkt . stess mes o ey e > { MATRIX
[ — [
SCIENCE

The longer the list, the better. Unfortunately, there is no standard
database of modifications that is suitable for MS use, so we had to
compile this list ourselves



Error Tolerant Search of
Uninterpreted MS/MS Data

Peptide sequence not in the database
single base substitutions - Yes

single base insertions & deletions - No (frame
shift)

multiple base substitutions, insertions &
deletions - No (de novo).

MATRIX
SCIENCE

Virtually all of the protein database entries come from translations of
DNA or RNA. Hence, for variations in the primary sequence, it is
essential to consider changes at the NA level.

We choose to allow all possible single NA substitutions, but not
insertions or deletions, because these give rise to frame shifts.

We also draw the line at multiple variations in a single peptide. These
must be handled by de novo sequencing

11



Error Tolerant Search of
Uninterpreted MS/MS Data

Single base substitutions:
Back translate AA to codons

Perform all possible single base
substitutions
Translate resulting codons to AA.

MATRIX
SCIENCE

The procedure to generate a substitution matrix for all possible single
base substitutions

12



Primary Sequence Variations

A
R
N
D
C
(0]
E
(€]
H
I
1t
K
M
E
P
S
T
w
_
Vv

{ MATRIX
SCIENCE

This matrix is considerably sparser than all possible residue
substitutions

13



Error Tolerant Search of
Uninterpreted MS/MS Data

Procedure
Perform standard search
Select one or more protein hits

With no enzyme specificity, iterate through
extensive list of modifications + substitution
matrix.

{ MATRIX
SCIENCE

The error tolerant search is a second pass search

14



Mascot Search Results - Microsoft Tnternet Explorer TR TS

Lt
| Fle Edt View Favories Took Help |
J B R | at | hsearch [ElFavorites  (History | - S H - ”HPowermarks EL P o %
| address [&] hitp:j/delisoonjmascot/cifmaster_resuls.plzfile=. jdataj20020522jF593324 dat ] @
6. 2TGD Mass: 23177 Total score: 571 Peptides matched: 11 —I
trypsin (EC 3.4.21.4) precursor (diisopropylphosphorylated) - hovine
[T cheek to include this hit in error tolerant search or archive report
Query Observed Hri{expt) Hri{calc) Delta Miss Score Rank Peptide
~ i3 403.13 804.25 804.41 -0.16 o 65 1 SAASLHSR
¥ oo 577.17 1152.32 1152.57 -0.25 0 87 1 SSGTSYPDVLK
~ EES 584.67 1167.33 1167.57 -0.25 o 97 1 VCHYVSWIK + Carbamidomethyl (C) J
100 598.18 1194.34 1194.58 -0.24 o {68} 1 SSGTSYPDVLK + Acetyl (H-term)
M 173 745.72 1489.43 1489.73 -0.31 [} 18 1 LOGIVSWGSGCAQK + Carbamidomethyl (C)
¥ 195 805.17 1608.32 1608.65 -0.33 o 19 1 DSCQGDSGGPYVCSGK + 2 Carbamidomethyl {(C)
¥ zs8 1081.77 2161.52 2162.05 -0.53 0 138 1 LGEDHINVVEGHEQFISASK
¥ zz0 721.88 2162.60 2162.05 0.56 0 {87) 1 LGEDPNINVVEGHEQFISASK
¥ z35 1102.80 2203.59 2204.06 -0.47 0 (102} 1 LGEDHINVVEGHE(QFISASK + Acetyl (H-term)
¥ z97 735.54 2203.60 2204.06 -0.46 [} {16} 1 LGEDHINVVEGHEQFISASK + Acetyl (H-term)
305 758.55 2272.63 2272.15 0.48 o 29 2 STVHPSYNSHTLHHD TML.TK
Proteins matching the same set of peptides:
1TaWL Mass: 23276 Total score: 571 Peptides matched: 11
trypsin (EC 3.4.21.4), chain L - bovine
BARO7S16 Mass: 254058 Total score: 571 Peptides matched: 11
EOVPCP NID: - Bos taurus
1ATT Mass: 23290 Total score: 571 Peptides matched: 11
trypsin (EC 3.4.21.4) - hovine
TREOTR Mass: 23978 Total score: 571 Peptides matched: 11
trypsin (EC 3.4.21.4) precursor - bovine
1MCUE Mass: 23203 Total score: 571 Peptides matched: 11
trypsin (EC 3.4.21.4), chain E - bovine
1TGSZ Mass: 23533 Total score: 571 Peptides matched: 11
trypsin (EC 3.4.21.4) precursor (vith pancreatic secretory trypsin inhibitor), chain Z - bovine
2TPIZ Mass: 23021 Total score: 571 Peptides matched: 11
trypsin (EC 3.4.21.4) precursor (with basic proteinase inhibicor, Ile-Val, 2.4 M magnesiwo sulfate), chain I - bovine
2l | 3

Here we see the matches to trypsin autolysis products from a standard
search of an LC-MS/MS dataset from the analysis of a human cell lysate.

15



EIET
| Fle Edt View Favories Took Help |

J B R | it | hsearch [ElFavorites  (History | - S H - ”HPowermarks EL P o %

/Z Mascot Search Results - Microsoft Internet Explorer

| address [&] httpjJdelisoonjmascot/cgiinew_master_results. plrfile=. jdataj20020522jF593383. dat ] @
3. ZTGD Mass: 23177 Total score: 452 Peptides matched: 17 _I
trypsin (EC 3.4.21.4) precursor (diisopropylphosphorylated] - hovine

[¥ Check to include this hit in error tolerant search or archive report

Query Observed Mr(expt) Mr{cale) Delta Miss Score Rank Peptide

F s 403.13 804.25 804.41  -0.16 D 65 1 SAASLHSR
F 15 431.63 861.24 861.43  -0.1% 0 (51) 1  SAASLHSR + Carbamidomsthyl (W-term} [+57.051
w4 559.15  1116.29  1116.52  -0.23 0 56 1 SIVHPSYNSH
F = 577.17  1152.32  1152.57  -0.25 O 87 1 SSEISYPDVLE
=] 584.67  1167.33  1167.57 -0.25 0 97 1 VCHYVSWIE + Carhamidomethyl (C)
P 100 598.18  1194.34  1184.56  -0.24 0 {(66) 1  SSGTSYPDVLK + Acetyl (H-term)
F 1o 606.19  1210.35  1210.55  -0.20 0 (57) 1  SSBISYEDVLE + Acetyl (H-term); §-:C [+16.06]
Y
@ idme  7a5.72 148943 1a89.73 0.3 o 84 1 LOGTVSWESGCAQK + Carbamidomethyl (KR) [+57.05]
@ 19|Top scoring pepride watches to gquery 107 CQGDSGEPVVCSGK + Carbamidomethyl (C); Carbamidomethyl |
[ zq| (o of seen(s) 1650 1653 1656 1655 1562 1685 1668 16TL A6TH D[l ated -t 226,20
£ 5tatus bar skows all hits for this peptide HVVEGHEQ) otinylated (N-term) [ -291
¥z PEDHIRVVEGHEQFISASK
@ zs|Score Delta Hit Protein Peptide LEDNTHVVEGHEQPTSASK + 0->K [+0.04]
57.4 -0.20 3 2TGD SRGTSYPDVLE
F 29 ;s olan s STOD  BSCTEYRDVLE PEDHTHVVEGHEQFTSASK + L-:H [+23.98]
¥ z3| 4a.2  0.77 3 2TGD  SSGTHTPDVLE [EDHTHVVEGHEQFTSASK + Acetyl (H—term); L—>F [-16.04]
& zg| 3.4 -0.23 ETSFTPVGDY [EDHINVVEGHEQFISASK + G->V [+42.08]
= as.0  -n.zz 3 2TGD  SSGTSTPIVLE
¥ 30 225 o0.24 EOEGGOCOOSSOORGS [EDHINVVEGHEQFISASK + Carbamidomethyl (KR) [+57.05]
¥ ao| z8.4  0.54 GGEGGGGEGSSGERES PEDNINVVEGHEQFISASK + Carbamidomethyl (KR) [+57.05]
26.1  -o.12 GSGCCEEHGTTCECE
21z -0.23 GARSHISGIGTLY
1 pad 175 D15 SGTRGGGGFESGS
alk

[¥ Check to include this hit in error tolerant search or archive report

Query Observed Mri{expt) Mricalc) Delta Miss Score Rank Peptide
52 517.18 1032.34 1032.56 -0.22 o 87 2 GSSIFGLAPSK + 5-»5 [-30.03]

B - e R L,;I

& 3:2T60 [ [ [BE tocal ntranet

And here are the matches from the second pass, error tolerant search.
The number of matches has increased from 10 to 17. Only those matches
that were as good as or better than the original search are reported.

Query 74 is a simple, non-specific cleavage product

Query 107 shows acetylation at the N-terminus plus a mass increase of
16 at one of the N-term serines. It is not easy to find a reasonable
mechanism to account for either an increase of 16 or an increase of 58
(42+16) at the N-term of this peptide

16



J Eile ‘Z Mascot Search Results: Peptide Yiew - Microsoft Internet Explorer

Jg\a Edt View Favorites Tnoks Help

| beltress | ek - = - D 24| Qimearch [GiFavortes  (HHistory | By S S - ”“Puwermaﬂs A%

| Address [@] http: jdels000 mascotjci/peptie_view.pPfile=. jdatai20020522/F533303. datiiquery=2708hit=28index=2TGDRRx=1

MSMMLE Fragmentation of EDININVVEGINEQFISASK
Found in 2TGD, trypsin (EC 3.4.21.4) precursor (disopropylphosphorylated) - bovine

9| Match to Query 270 (938.30,2+) sum of scan(s) 2164 2167 2170 2173 2176 2179 2182 2185 2188
B From data file C'\Projects\Exhaustims data\qtof20953 mgf’
~
M Click mouse within plot area to zoom in by factor of two about that point
® | or _Plothom |[200 w1500 Da
=2
M1
Mo1
Mo1
F o1 g
= -
F oz | o
P oz 4 7
4

P oz >
Pz g
F oz B
P oz . =z g &
[C 5 8 % 2 ‘ z C:%
o |

SR I Y O R | R I PO O

200 400 600 500 1000 1200 1400
4. FA

! Monoisotopic mass of neutral peptide (Mr): 1973.03

¥ che

Variable modifications:
H-term : Pyro-glu (N-term E)
gu| Ions Score: 56 Matches {Bold Red): 12/105 fragment ions using 13 most intense peaks

=) [+57.05]

¢ [+16.06]
(ER) [+57.05]

L (C): Carbamidomethyl_|
WW-term) [+226.29]

41
o8]
term) ; L->P [-16.04]
o8]
lethyl (KR) [+57.05]
lethyl (KR} [+57.05]

=]
| [&7 Done [ [BE Local intranet 7 hd
q T >
&) 3:e16D [ [ [BE iocalintranet

Query 270 is assigned to NINVVEGNEQFISASK with a biotinylated N-
term. However, this sample was not biotinylated, so this assignment
cannot be correct. In fact, we get exactly the same mass increment by
moving the cleavage point two residues further towards the N-terminus
and adding a pyro-glu modification. This is a good illustration of how
difficult it is for the report to always give the correct assignment

17



/Y Mascot Search Results - Microsoft Internet Explorer 3 —[=] x|
| Fle Edt View Favories Took Help |

J B R | it | hsearch [ElFavorites  (History | - S H - ”HPowermarks EL P o %

| address [&] httpjJdelisoonjmascot/cgiinew_master_results. plrfile=. jdataj20020522jF593383. dat ] @
3. ZTGD Mass: 23177 Total score: 452 Peptides matched: 17 _I
trypsin (EC 3.4.21.4) precursor (diisopropylphosphorylated] - hovine

[¥ Check to include this hit in error tolerant search or archive report

Query Observed Mr(expt) Mr{cale) Delta Miss Score Rank Peptide

~ 5 403.13 804.25 804.41 -0.16 o 65 1 SAASLHSR

¥ 15 431.63 861.24 861.43 -0.19 0 (51) 1 SRASLHSR + Carbamidomethyl (N-term) [+57.05]

~ 74 559.15 1116.29 1116.52 -0.23 [} a6 1 SIVHPSYHSH

=2 20 577.17 1152.32 1152.57 -0.25 o 87 1 SSGTSYPDVLK

¥ o3 584.67 1167.33 1167.57 -0.25 0 a7 1 VCHYVSWIK + Carbamidomethyl {(C})

¥ 100 598.18 1194.34 1194.58 -0.24 0 {68 1 SSGTSYPDVLK + Acetyl (H-term)

WV 107 606.19 1210.35 1210.55 -0.20 0 (57) 1 SSGTSYPDVLK + Acetyl (H-term); S$->C [+16.06]

¥ 173 T45.72 1489.43 1489.73 -0.31 0 84 1 LOGIVSWESGCAQK + Carbamidomethyl (KR) [+57.05]

¥ 195 805.17 1608.32 1608.65 -0.33 o 19 1 DSCQGDSGGPYVCSGK + Carbamidomethyl (C); Cazbamidomethy._|
¥ zvo 988.30 1974.358 1973.95 0.63 o a7 1 HIHVVEGHEQFISASK + Biotimrylated (N-term) [+226.29]

¥ z&s 1081.77 2161.52 2162.05 -0.53 0 138 1 LGEDNINVVEGHEQFISASK

# zs0 721.88 2162.60 2162.09 0.52 o {92) 1 LGEDHINVVEGHEQFISASK + O->K [+0.04]

¥ 293 729.53 2185.58 2186.02 -0.44 [} {92} 1 LGEDHINVVEGHE(QFISASK + L->H [+23.98]

¥ 294 1094.81 2187.61 2188.03 -0.42 0 (94) 1 LGEDHINVVEGHEQFISASK + Acetyl (H-term); L-3F [-16.04]
¥ zo6 1102.80 2203.359 2204.10 -0.50 0 (102) 1 LGEDHINVVEGHEQFISASK + G->V [+42.08]

¥ 300 1110.30 2218.58 2219.07 -0.49 0 (105) 1 LGEDNINVVEGHEQFISASK + Carbamidomethyl (ER) [+57.05]
¥ 301 740.54 2218.58 2219.07 -0.49 0 {93 1 LGEDHIRVVEGHEQFISASK + Carbamidomethyl (KR} [+57.05]
4. PAHUI Hass: 56776 Total score: 342 Peptides matched: 2

alkaline phosphatase (EC 3.1.3.1) precursor, intestinal - human

[¥ Check to include this hit in error tolerant search or archive report

Query Observed Mri{expt) Mricalc) Delta Miss Score Rank Peptide
52 517.18 1032.34 1032.56 -0.22 o 87 2 GSSIFGLAPSK + 5-»5 [-30.03]

» - e e e ar S, fan e e e pne L,Ll
2]

[ [ [BE tocal ntranet

There are several matches to the same peptide
LGEDNINVVEGNEQFISASK with a variety of modifications. The first,
Q->K, is identical to no modification. Although the match to Query 296 is
shown as G->V, we would prefer to assign the mass change of 42 Da to
N-term acetylation.



“z4Mascot Search Results: Peptide Yiew - Microsoft Internet Explorer

JEiIe Edit  View Favortes Tooks  Help

J B R | it | hsearch [ElFavorites  (History | - S H - ”HPowermarks EL P o %

| address [&] hitp:jdellsnonjmascotcgifpeptide_view.pifile=..fdataf20020522F593383. datiuquery=2968hit=38index=2TGDEpx=1

MATRIX
vt Mascot Search Results

Peptide View

MEMS Fragmentation of LGEDNIITVVEGNEQFISASE
Foundin 2TGD, trypsin (EC 2.4.21.4) precursor (diisoprepylphesphorylated) - bovine

Match to Query 296 (1102.80,24) sum of scan(s) 2405 2408 2411 2414 2417 2420 2423 2426
From data file C\Projects\Exhaustins datalqtof20953 mgf

Click mouse within plot area to zoom i by factor of two abeut that point

o, Plottrorn | [To0 to [1900 Da
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Monoisotopic mass of neutral peptide (Mr):
Variable modifications:
H-term : heetyl (N-term)

[ [ [BE tocal ntranet

=

2] Done

Looking at the details for this match
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/Y Mascot Search Results: Peptide Yiew - Microsoft Internet Explorer —[=] x|

| Fle Edt View Favories Took Help |

J B R | at | hsearch [ElFavorites  (History | - S H - ”HPowermarks EL P o %

J Address |@ http:{dellS000jmascot fcgifpeptide_viev, pl#file=, . fdatal20020522/F5935363, datquery=2988hit=38index=2 TGDEpx=1 j e
Moncisotopic mass of neutral peptide (Mr): 2204.06 2
Variable modifications:

H-term : Acetyl (N-term)
Ions Score: 102 Matches (Bold Red): 30/214 fragment ions using 43 most intense peaks
# b B h* Bt ] o Seq. ¥ ¥ ¥* yert o P (#
1| 15610 7856 L 20
2| 213.12| 107.07 G |2049.97|1025.45|2032.95/1016.98/2031.96 1016.48|19
3 34217| 171.5% 324.16| 162.58| E |19%2.95| 396.98|1975.52) 98R47|1974.94) 987.97|18
4| 457.1%| 229,10 439.18| 220.10| D |1863.91| 932.46|1846.85| 923.95/1845.90) 9234517
5| 571.24| 286.12) 554.21) 277.61| 553.23| 277.12| W |1748.88| 874.54|1731.86| 866.43|1730.87 365.94|16
6| 68432 34266| 667.29 33415 666.31| 333.66| I |1634.84| 817.92|1617.81 B802.41/1616.83) B08.92|15
T| 79836 389.69| 78134 381.17| 780.35| 380.68| N |1521.75| 761.38|150473| 752.87|1503.74 | 752.38|14
8| B97.43| 445220 330.41) 44071 879.42| 44021 V |1407.71| 704.36|1390.6%| 69585/1389.70| £95.35|13
9| 396.50| 49875 97947 490.24| 978.49| 483775 V |1308.64| 654.83|1291.62| 646.31/1290.63| 645.82|12
10(1125.54) 563.28|1108.52] 554.76(1107.53| 554.27| E |1209.58| 605.29|1192.55| 596 78|1191.56| 5%6.2%|11
11|1182.56 ) 591.72|1165.54] 583.27|1164.55| 582.75| G |1080.53| 54077|1063.51| 532.26|1062.52| 531.74|10
12|1296.61) 648.81|1279.58 640.29(1278.60| 635.80| N |1023.51| 512.26|1006.48| 50375/1005.50| 503.25| &
13(1425.65) 713.33/1408.62 704.82(1407.64| 704.32| E | 900.47| 45524 25244 44672 39146 446.23| 8
14|1553.71) 777.36|1536.68) 768.84|1535.70| 768.35| Q | 730.43| 38072| 763.40 38220| 76242 38171 7
151700078 85089 168375 84238(1682.77| 841.8%| F | 652.37| 32665 63534| 21817 63436 21768| 6
16(1813.86) 907.43|1796.83| 898.92|1795.85| 898.43| I | 503.30| 25315 483.27| 244.64| 437.29| 244.15| 5 L
171500089 $50.95|1883.87| 94244 |1882.88| 541.95| § | 392.21| 19661 3751%| 18B.10| 374.20 18761 4
18(1971.93) 986.47|1934.90 977.96(1953.92| 977.46| A | 305.18| 153.10| 283.16| 144.58| 287.17| 144.09| 3
19|2058.96 102998 |2041.54 1021.47|2040.95|1020.98| § | 234.15| 117.58| 217.12| 108.06| 216.13| 108.57| 2
20 K | 14711 74.06) 13008 65355 1
LI
2] Done [ [ [BE tocal ntranet

We see that the fragment ions have a quantitative neutral loss of water.
Is this behaviour well known for acetylated Leu?



| Fle Edt View Favories Took Help |

| wBak - = - D Y | @isearch [aiFavortes (BHistory | By S A - ”HPowermarks WA

3
x

| address [&] httpjJdelisoonjmascot/cgiinew_master_results. plrfile=. jdataj20020522jF593383. dat ] @
3. ZTGD Mass: 23177 Total score: 452 Peptides matched: 17 _I
trypsin (EC 3.4.21.4) precursor (diisopropylphosphorylated] - hovine

[¥ Check to include this hit in error tolerant search or archive report

Query Observed Mr(expt) Mr{cale) Delta Miss Score Rank Peptide

~ 5 403.13 804.25 804.41 -0.16 o 65 1 SAASLHSR

¥ 15 431.63 861.24 861.43 -0.19 0 (51) 1 SRASLHSR + Carbamidomethyl (N-term) [+57.05]

~ 74 559.15 1116.29 1116.52 -0.23 [} a6 1 SIVHPSYHSH

=2 20 577.17 1152.32 1152.57 -0.25 o 87 1 SSGTSYPDVLK

¥ o3 584.67 1167.33 1167.57 -0.25 0 a7 1 VCHYVSWIK + Carbamidomethyl {(C})

¥ 100 598.18 1194.34 1194.58 -0.24 0 {68 1 SSGTSYPDVLK + Acetyl (H-term)

WV 107 606.19 1210.35 1210.55 -0.20 0 (57) 1 SSGTSYPDVLK + Acetyl (H-term); S$->C [+16.06]

¥ 173 T45.72 1489.43 1489.73 -0.31 0 84 1 LOGIVSWESGCAQK + Carbamidomethyl (KR) [+57.05]

¥ 195 805.17 1608.32 1608.65 -0.33 o 19 1 DSCQGDSGGPYVCSGK + Carbamidomethyl (C); Cazbamidomethy._|
¥ zvo 988.30 1974.358 1973.95 0.63 o a7 1 HIHVVEGHEQFISASK + Biotimrylated (N-term) [+226.29]

¥ z&s 1081.77 2161.52 2162.05 -0.53 0 138 1 LGEDNINVVEGHEQFISASK

# zs0 721.88 2162.60 2162.09 0.52 o {92) 1 LGEDHINVVEGHEQFISASK + O->K [+0.04]

¥ 293 729.53 2185.58 2186.02 -0.44 [} {92} 1 LGEDHINVVEGHE(QFISASK + L->H [+23.98]

¥ 294 1094.81 2187.61 2188.03 -0.42 0 (94) 1 LGEDHINVVEGHEQFISASK + Acetyl (H-term); L-3F [-16.04]
¥ zo6 1102.80 2203.359 2204.10 -0.50 0 (102) 1 LGEDHINVVEGHEQFISASK + G->V [+42.08]

¥ 300 1110.30 2218.58 2219.07 -0.49 0 (105) 1 LGEDNINVVEGHEQFISASK + Carbamidomethyl (ER) [+57.05]
¥ 301 740.54 2218.58 2219.07 -0.49 0 {93 1 LGEDHIRVVEGHEQFISASK + Carbamidomethyl (KR} [+57.05]
4. PAHUI Hass: 56776 Total score: 342 Peptides matched: 2

alkaline phosphatase (EC 3.1.3.1) precursor, intestinal - human

[¥ Check to include this hit in error tolerant search or archive report

Query Observed Mri{expt) Mricalc) Delta Miss Score Rank Peptide
52 517.18 1032.34 1032.56 -0.22 o 87 2 GSSIFGLAPSK + 5-»5 [-30.03]

o e e e e e S

<

This suggests that a possible assignment of +24 Da for query 293 is
prompt loss of water: 42-18=2477?



/B Mascot Search Results - Microsoft Internet Explorer o

Fle Edt View Favortes Tools Help

gk - & - @ 2 4| @rearh GaFavortes (BHstory | G- S il 5] | |Powernars I 46 %

Address [&] gifmaster_results.pl?file= 4{FO01403.dat

1. goxzIz Mass: 79480 Total score: 266 Peptides matched: 4
HEAT SHOCK PROTEIN 70.- Crassostrea gigas (Pacific oyster).

" Check to include this hit in error tolerant search or archive report

Query Observed Mr{expt) Mr(calc) Delta Miss Score Rank Peptide
~ 13a1. 1341, .06 [ 95 1 DAGTISGLNVLR
~ B 1614. 1613. o 1
v 1945. 1945, . [ 90 1 HOVAMNPNNTIFDAK

1084. 2167. 2168. 1 30 2

5 TTPSYVAFTDTER

TINEPTAAATAYGLDKK

2NN E3 DERIEVEE R il ] Mascot Search Results - Microsoft Internet Explorer B
094805 Mass| | -
HSC70.- Trichoplus File Edit View Favorites Tools  Help
wgack - & - @ D) 4| Qeeach GFavortes (FHistory | B b il 5] | |Powernars U 4
ld
Address [@£] qifmaster_resuks.pifile= 4{FO01410.dat
%1 Nene

/A Mascot Search Results - Microsoft Internet Explorer i

Fle Edt View Favortes Tools Help

gk - & - @ D) 4| Qeeach GaFavortes (FHstory | B b il 5] | |Powernars U 4 %
Address [&] ifmaster_resuks.pl7file=, 4FO0141 L dat

SelectAll | | SeleciNone | SearchSelected | [ Ervortolerant | Archive Report

1. 514992 Mass: 78350 Total score: 203 Peptides matched: 4
dnaK-type molecular chaperone hsp7o - soybean

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

Query Observed Mr(expt) Mr{calc) Delta Miss Score Rank Peptide
1341.78 1341.73 0. o 95 1 DAGATSGLNVLR + A->T
1614.58 1613.76

5 TTPSYVAFTDTER

A<«

0 [ 1
1945.78 1944.96 0. [ 64 1 NQVAMNPQNTVEDAK + H->I
0 1 1

2167.78 2167.21 39 TINEPTARAIAYGLDKK + H->T

&
g
i

[T Local intranet

Finally, a slightly artificial illustration of finding a point mutation in the
primary sequence. We can lose the match to query 1 by changing the
taxonomy to 'green plants’, which excludes both entries containing the
correct peptide. If we now do an error tolerant search, the correct match
is recovered via the substitution A->T



Error Tolerant Search of
Uninterpreted MS/MS Data

Successfully locate mass differences
Difficult to report correct assignment

Limited to proteins which have at least one
good peptide match ... not very useful for
(say) MHC peptides

Next step: hybrid of Sequence Tag & MS/MS
lons Search?

{ MATRIX
SCIENCE

To summarise, the error tolerant search of uninterpreted MS/MS data is
a powerful way of finding additional peptide matches. However, it is very
difficult to provide a chemically credible assignment for many of the
observed mass differences. Some expertise in mass spectrometry and
protein chemistry is required to review and correct the reported
assignments.
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