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Why is phosphorylation such a
challenge?

» Site heterogeneity
» Poor ionisation efficiency

» 3 fragmentation channels
— intact fragments
— neutral loss of HPO, (80 Da)
— neutral loss of H;PO, (98 Da)

e Can occur at STY - ~16% of residues.
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< Last Message by Thread: LC/MS from san-francisco,susan

= Mext Message by Thread: Re: LC/BIS from Mick Morrice

[Thread Index]

Diate: Mon, 19 May 2003 12:58:08 -0400

From: "Teffrey & Kowalak, Ph.D." <jkowalak @intra nirh nih gov=
To: "ABRF Discussion List" <ABRF @hst abrforg>

Subject: RE: LO/S

Browse from here by [ Date | [ Author]

Search for
phosphorylation,
May 13 2004 - 656
messages

Susan,

Anecdotally, phosphopephides seem to have lower 1onization efficiency
than non-phosphorylated peptides. Coupled with sub-stoichiometric levels
of phosphorylation, phosphopeptide analysis can be quite challenging. &
quick literature search will reveal that there are almost as many papers
describing methods of phosphepeptide characterization as there are
papers describing the biological importance of phosphorylation,

Please see the following reference as an example of one of the best
ezamples - "A multidimensional electrospray 1M5-based approach to

&) & Inkernet

£

One of the best sources of information on phosphorylation is the ABRF
email discussion group. When I checked a few days ago, there were 656
messages on this topic
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address |&] http:fwww.unimod.orglegijunimod.cqitrerords_per_page=28columns._to_view=ful_name&columns_to_visw=rods_namegcolumns_to_view=mono_mass@rolumns_to_view=avgs ¥ | [£] Go
~
View all Records | Add Record Help | Home | Options | Advanced Search | Logon
search
Result Set
Phosphorylation Phospho 79.966331  79.9799 HO(3)P 0
Phosphorylation without neutral loss Phospho-NL 79966331 799799 HO(3)P 0
phosphorylation to amine thiol ser_thr_DAET B87.050655 87.1866 H{9) C(4)N O{-1) 5 0
thioacylation of primary amines (M-term and Lys) DsP 87.998285 S8B.1283 H(41C(3)05S 0
C13 label {(Phosphotyrosineg) 13C8_Phospho_Tyr 88.996524 889138 H C(-9) C13(9) 0(3) 0
P
Acrolein addition +94 Acroleing4 94041865 94,1112 H(6) C(6) O 0
MN-isopropylcarboxzamidomethyl NIPCAM 99.068414 99,1311 HEICENO 0
Succinic anhydride labeling reagent: light form (M-term & k) Suc_anh_light 100.016044 1000728 H{4) C(4) O3} 0
labeling reagent light form (N-term & K) benzoyl 104.026215 1041061 H(4) C(71 O 0
Succinic anhydride labeling reagent, heavy form (+4amu, 4C13), M-term Suc_anh+4C13 104029463 104.0434 H{4) C13(4) O(3) 0
&K
Succinic anhydride labeling reagent, heavy form (+4amu, 4H2), N-term & Suc_anh+4H2 104041151 1040974 H2(4) C(4) O(3) 0
4
S-pyridylethylation S-pyridylethyl 105.057849 105.1372 H(7) C(7) N 0
Acrolein addition +112 Acraleinl1z2 112.052430 112.1265 H{8) C(6) O(2) 0
ubiquitinylation residue GlyGly 114.042927 114.1026 H(6) C(4) N(2) O(2) 0
Pyridyl Pyridyl 119.037114 1191207 H{S) C(7IN O )
M-ethylmaleimide on cysteines MNEM 125.047679 1251253 H(7) C(6) N O(2) 0
Iodination Iodination 125.896648 125.8965 H{-1)1 0
— - P .. E e ey e P urY - o
&) Done @ Internet

How is phosphorylation handled in Mascot?

Whether you use the public web site or whether you have Mascot in-
house, we recommend using the Unimod web site to browse and update
the list of modifications
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Address |@ http: {fwmww.unimod. org/cgifunimod. cgisort _fisld1=mono_masstsort_fieldZ=Full_ _record_to_disl, ords_per_page=25; ion_id=ST2CN TWUEQRULGMTarecor V‘ Go
U N IMOD protein modifications for mass spectrometry
view all Records | Add Record Help | Home | Options | Advanced Search | Logon
SEan:h‘ | [ Go ]

21 Shortname I Phospho
FPhosphorylation

H o(3) P Monoisotopic N 79, 966331 Averagel 79,9792

Position T Anywhere
Menoisetopic I o7 276836 Averageliiis7 9952

S
H(3) O(4) P
Post-tranzlational

Position T Anywinere
Mongisotopic I 7 976896 Bverageliia7 0952

T
H(3) 0(4) P
Post-translational

Bosition I anywhere

Fost-translational

LastMadified N 2002-10-04 15:53:04
Email Change Request

&) Done @ Internet

The standard modifications, that appear in the short, default list, assume
that serine and threonine predominantly lose phosphate as a neutral loss
of 98 Da, while tyrosine fragment ions stay intact

However, several other possibilities are also defined. For example, serine
and threonine without any neutral loss. You don’t see these listed on the
short, default list of mods
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v | J < 4 -
eBa(k ) @ @ W) D search 7 Favories @Pmeds £2) (v Lo
cidress | (@] https jumw. matrixscience. comjsearch_form_select. html

{MATRIX
SCIENCE. HOME i WHAT'S MEW | MASCOT {HELP | PRODUCTS | SUPPORT | CONTACT

R o 4 %

Mascot Search

« Peptide Mass Fingerprint: The experimental data are a list of peptide mass values from an enzymatic digest of 2

Mascot Help protein.

Mascot Gverview o Example of results report
o More infarmation

search parameter
reference

s Sequence Query: One or more peptide mass values associated with infarmation such as partial or ambiguous
sequence strings, amino acid composition information, MS/MS fragment ion masses, ete. & super-set of 3 sequence tag

Data file format query.

Scoring algerithm © Example of results report

o More infarmation

Sequence databases

Results format

Encqtolsrantse iy & MS/MS Ion Search: Identification hased an raw MS/MS data fram one or more peptides,

o Example of results report
© More information

FAQ's

User Meeting
Presentations

Seiﬁch Form Defaults: Follow this link to save your preferred search form defaults as a browser cookie.

More Help

Help Topic Index
Useful Links

Internet

If you want to see the complete list of mods, you just need to choose this
option in the search form defaults. Follow the link at the bottom of the
search form selection page
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acdress | €] http: jumw. matrixscience.comjcgiform_deFaults.pl

{MATRIX
SCIENCE. HOME | WHAT'S NEW | MASCOT {HELP | PRODUCTS | SUPPORT | CONTACT | Go)

Set Mascot search form defaults

Database | MSDB v

Taxonomy |A\I entries w

Enzyme

Allow up to

missed cleavages

. Fized [ap_ald_1caTdo (C)
modifications | ap"nld_1cATdS (C)
Acetyl (K)

Acetyl (M-term)
Amide (C-term)

|

<

Variable [A5 nld_1CATdD (C)
modifications | ap~ald_1cATd3 (C)
Acetyl (K]

Acetyl (M-term)
Amide (C-term)

[HI=

£

Show all mods.
ICAT [ tMs5/MS anly)
Peptide tol. £
MS/MS tal. +
Peptide charge
Monoisotopic & Average O
Data format (MS/MS only)
&) @ Internet

£

And check the box for Show all mods
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eBa(k - Q @ @ _;j ;7 Search '7:‘:( Favorites (@ Media 44 ["{. ; =) _J @ T Powermarks BR % %4
Address |@ http: {fwmn . matrixscience, comfcgifsearch_form, pl7F ORMVER=2ESEARCH=MIS
MATRIX
{S'CIENCE' HOME | WHAT'S NEW i MASCOT iHELP | PRODUCTS | SUPPORT | CONTACT
|
MASCOT MS/MS lons Search
Your name ‘JSC | Email ‘]cnttrel\@mamxsmemce.mm
Search title ‘ ‘
Database
Taxonomy ‘AH entries V|
Enzyme Allow: up to missed cleavages
modcations %6 S4-1cATe8 () “ | modifications |pposoho iy 3
Lcetyl (K) Phospho-ML (5)
Acetyl (N-term) Phospho-HL (T) =
Amide (C-term) > Probiotinhydrazide (P) |
Protein mass l:l kDa ICAT []
Peptide tol. + MS/MS tol. +
Peptide charge Monoisotopic & average O
Data file | |[(Browse... ]
Data format Precursor l:l myfz
Instrument
Overview [] Report top hits
]
|
&] Done & Inkernet

Then, you’ll see all of the mods listed in the search form.
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Adddr=ss | 45] hittpifuman. matrixstience. comfegifmaster_resuls pl7file=.  jdatal20040513{/FamThHm dat v B o
Peptide Summary Report ke
Peptide Summary v Help
Significance threshold p=< |0.05 Maz number of hits |20
Standard scoring @ MudPIT scoring O Tons score cut-off |0 Show sub-sets []

Show pep-ups @ Suppress pop-ups O Sort unassigned | Decreasing Scare | v Require bold red [

Se\emAll] [ Select None ] l Search Selactad I [ Frror tolerant

.

1. KEBOLZ Mass: 25091 Score: 77 Queries matched:
beta-casein precursor — bovine

[Jcheck to include this hit in error tolerant search

Query Observed Mr{expt) Mr{calc} Delta Miss Score Expect Rank Peptide

1031.40 2060.78 2060.82 -0.04 O 77 6.2e-05 1 F TEDELQDK + pho (ST}
Top scoring peptide matches to query 1
Prot| Score greater than 35 indicates homology
Qo5L| Score greater than 47 indicates identicy ries matched: 1
Betal Status bar shows all hits for this peptide
JC13 ries matched: 1
beta Score Delta Hit Protein Peptide
76.6  -0.04 1 KBBOAZ FQSEEQQUTEDELQDE
AABZ) 22,5 -p.04 1 KBEOLZ FOSEEQOOTEDELODK ries matched: 1
s672| 18.1  -0.19 2 684453 CLSLSKQVDLFEETIEK
i3] 179 -o.z1 3 Q7QUES LYLDIKLIYPEETDEK ries matched: 1
Bove| 3.7 -0.17 4 QBVPUS QLASGEYFLNQEQKQRK
10.7 -0.20 5 069721 YDSFPRSDIVTWVIGADK .
ALR3 g0 pz3 § Q7VIz? TEPDATVWVSFPGGDEARTR |F185 matched: 1
BOVCl 9.3 -0.17 7 Q7RLUS NMEITILDENDDEELAGDE
a3ze| 9.6  -D.12 5 4F1213 KTLTFFGVDPEDENNQK ries matched: 1
beral 9.1 -0.20 9  T45584 FOSISCSVEGVLFVLEPK &
&] 1:kBBOAZ & Inkernet

One of the most common phosphopeptides comes from the milk protein,
beta casein. There are two potential phosphorylation sites, S and T, but
only one 1s modified. Because the two sites are widely separated, there is
no ambiguity, even if the spectrum is not the greatest.
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Moneisotopic mass of neutral peptide Mr{calc): 2060.82
Variable modifications:

53 : Phospho (3T)

Ions Score: 77 Expect: 4e-05

Matches {(Bold Red): 33/172 fragment ions using 65 most intense peaks

£ b B bt pt 0 0 Seq v B e I R T
1 148.08] 74.54 F 16
2 2761313857 259.11/130.06 Q 181678 308.901799.76 900.38 | 1798.77|899.89 |15
3| 34516 173.08| 328.13 16457 327.15/164.08) S 1688.71844.87 1671.70 836.35 1670.71|835.86 |14
4 4742023760 4571722909 456.1%|228.60| E 1619.70|810.36 1602.62 801.84 1601.65 801.35/13
5 60324 302.12) 586.21 29361 58523|203.12| E 1490.66|745.831473.63 737.32 1472.65/736.83 |12
6 73130 366.15) 714.27357.64 713.2%|357.15| Q 1361.62|681.31 134459 £72.80 134361 6723111
7 85936430018 842.33 421.67 B41.35/421.18) Q 1233.56|617.28|1216.53 60877 1215.55 608.28 10
8 987.42/4%4.21) 970.39 48570 965.41|485.21| Q 1105.50|553.25 108847 544.74 108745 544.25 9
9 1088 46 544 74 1071.44 536,22 1070.45|535.73| T = 97744|489.22) 96042 48071 5594348022 8§
10 121751 609.26|1200.48 60074 1189.50 60025 E | 8763943870 859.37430.19 B5R.38|429.70| 7
11133253 666.77|1315.51 658.26 13145265777 D | 74735|374.18| 730.33 365.67 729.34|365.17| 6
2 146158 731.291444.55 722,78 1443.57|722.28| E | 631.32|316.67| 615.30 308.15 £14.31 307.66 5
13 157466 787.83|1557.63 779.32 1556.65|778.83) L | 5032825214 486.26 24363 485.27|243.14| 4
14 170272 851.86|1685.69 843,35 1684.71 842,86 Q | 3902019560 37317 187.09 372.15|186.60| 3
15 1817.75 509.38|1800.72 200.86 175574 500,37 D | 162.14|131.57 2435.11123.06  244.13|122.57| 2
16 K 14711 74.06| 13009 6555 1

Beautiful spectrum; long run of y ions; move site to T9 and many
matches would disappear
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Edit View Favorites Tooks Help o

¢ Favortes @ redia {£2) 1= @ - Povermarks Ml 4 24

Statdard scoting ® MudPIT scoting O Ions score cut-off |0 Show sub-sets []

Show pep-ups @ Suppress pop-ups O Sort unassigned | Decreasing Score v | Require bold red []

Ee\emAll] [ Select None ] I Search Selected I [ Frror tolerant

1.

PO2662-00-00-00 Mass: 24570 Score: 102 Queries matched: 1
(CAS1_BOVIN) Splice isoform Displayed: Varient Displayed: Conflict Displayed: from PO2662 Alpha-31 casein precursor

[Jcheck to include this hit in error tolerant sesrch

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

% 1660.80 1659.79  1659.79 0.01 ©0 102 7.1e-08 1 VPQLEIVPNSAEER + Phospho (ST)
Top scoring peptide matches to query 1
Protd Score greater than 43 indicates identity
POzgd Status bar shews ell hits for this peptides htched: 1
(cas flict Displayed: from POZ662 Alpha-S1 casein precursor
pozgd Score  Delta Hit Protein Peptide btchea: 1
casq 1923 0.01 1 POZ662-00-00-00 VPQLEIVPNZAEER flict Displayeds f P02662 AlphaSi .
! 32.3  -0.03 z Q05469 NETGLSVAASSLFTSGR 1oL bisplayess from phe GRssin precurser
FO259 23.9 0.04 3 P29475-03-00-00 EIEPVLSLLTIGSR ptched: 1
(casy 21.7 0.04 3 P29475-03-00-00 EIEPVLILLT3GIR flict Displayed: from PO2662 Alpha-31 casein precursor
zo.z  -0.07 4 QS6UR5-01-00-00 VPKTSAQPVEGAVEER
9. gnsad 20.0 0.05 5 Q9XTS0-00-00-00 VQVNPSLVSPGALR htched: 1
Lred 2.3 -9.03 8 Elzda WETGLIVAASSLITIGR Lo ,. censitive lipase (EC 3.1.1.-) (HSL)
16.5 -0.06 6 (Q96P45-00-00-00 RSVAAFTADPLSLLR
[Cchecy 1g.5  —0.06 § 096P45-00-00-00 REVAAFTADPLSLLE
16.5 -0.06 6 (Q96P45-00-00-00 RSVAAFTADPLSLLE
Query| Rank Peptide
1 TeE0.B0  Ie5T.TO I8%T. —TU.0 T T.7 2 HNETGLSVAASSLFTSGR + Phospho+PL (%) : Phospho+PL (T}
3. P29475-03-00-00 Mass: 43868 Score: 26 Queries matched: 1 v
< ¥
&] 1:P02662-00-00-00  Internet

Also, when there is only one site, can get very clear cut matches. Here for
example, is a peptide from alpha casein. There is only one potential site
and look at the difference in score.
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Monoisotopic mass of neutral peptide Mr(calc): 1659.79
Fixed modifications: Carbamidomethyl (C)

Variable modifications: =
s10 : Phospho (ST 2
Tons Score: 102 Expect: 7.1=-08 5
Matches (Bold Red): 15/93 fragment ions using 21 most intense peaks T
I
# Immon. a a* al b b* b Seq. y #
1 7208 7208 100.08 v 14
2| 70,07 169.13 197.13 P 1463.75|13
3| 101.07 297.1% 280.17 325.19| 308.16 Q 1366.70 |12
4| 8610 41028 393.25 438.27 421.24 L 12386411
5| 10205 53932 522.29 521.31| 56731 55029 54%30 E 11255510
6| 8610 65240 63538 634.39| 68040 66337 6623% I 99651 9
T\ 7208 75147 73444 73346 77947 76244 76146 V| 88343 8§
7007 84852 B31.50 830.51| 87652 85949 85851 P 78436 7
9| 8706 96257 94554 $44.56| 99056 97354 97255 I 68T31 6
10| 42.03 1031.5% 1014.56|1013.58|1059.58|1042.56 1041.57 §  573.26 5
11| 44.051102.63 1085.60(1084.61/1130.62|1113.5% 111261 A 50424 4
12 102.05 1231.67 1214.64|1213.66|1259.66|1242.64 1241.65 E 43320 3
13| 102.05 1360.71 1343.68|1342.70|1388.71|1371.68 137070 E  304.16 2
14| 128.11 R 17512 1

What may surprise you is that the spectrum doesn’t look as pretty as the
last one. This is MALDI PSD data. In this particular case, the mass
accuracy 1s not so good, +/- 0.5 Da, but Mascot still gets a great match
because the sequence coverage is good.

However, phosphopeptides from caseins are notoriously easy ...
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Home ABRF Sponsors Contact Us Help #

. Re ’Fb'f Tm“ngﬂm; 4% white Pages | 4] Yellow Pages | € LogIn | £ Join ABRF
ommumecaton * rducanon
Search ———————— : . .
l”m:l o) ABRF Web-Based Discussion Forum
[ Information | [ Archives Home |
Advanced Search
[Message IndewSearch] [ Jain Group] [ Sign In]
About ABRF 7
News and Announcements
Communications: Re: LC/MS
Resarch Groups < Last Message by Thread: Re: LC/MS from Svante Resj=?130-8859-17870g=="=
Open Research Studies = Mext Message by Thread: Re: LC/RIS from Willy Bienvenut
Committees [ Thiesd Index] Browss from hera by [ Date | [ Author]
Reference Date: Tue, 20 May 2003 20:5%:32 +0100
Sponsorship From: "Mick Morrice" <nick mormce@virmin net>
To: "ABERF Discussion List" <ABRF@hst abrf org>
Elvout Many Off Subject: Be: LO/MMS
Casein will give you a false sense of success with any ms method. Ttis a
lowr molecular weight | lighly phosphorylated protemn that 1s avalable n
gram guantities from any suppler. Basically all the criteria that you wi
1
not find from a phosphoprotein denved from in witro andfor m vive sourc
£s
The hterature is littered with methods devoted to the analysis of casein
phosphorylation sites Howewver these methods are rarely cited in papers
reporting novel sites in biochemical journals
Try either buying or obtaining a known phosphoprotem of say 40-80kDa
(common MWt for phosphoproteins), and analyse the tryptic digest of this -
&) B Internet

If we go the the ABRF archives, we’ll find comments like these from
experts in the field:

“Casein will give you a false sense of success with any ms method. It is a
low molecular weight , highly phosphorylated protein that is available in
gram quantities from any supplier. Basically all the criteria that you will
not find from a phosphoprotein derived from in vitro and/or in vivo
sources.” - Nick Morrice
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[ Information | [ Archives Home |
Advanced Search
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Open Research Studies = Mext Message by Thread: Re: o y availahle teins (hesides casein) from ULf Hellman
Committees [ Thiesd Index] Browss from hera by [ Date | [ Author]
Reference Date: Thu, 27 Feb 2003 17:18:27 +1100
Sponsorship From: "Mitchelhill, Een" <k mitchelhll @pmei unimelb. edu. au>
To: "ABEF Discussion List" <ABRF@hst. abrf org>
Elwout Meny Off Subject: RE: commercially available phosphoproteins (besides casein)
Mehrnoosh,
<SOAPBOX=
forget beta-casein, unless your project is to purify phosphopeptides
from milk, beta-casein validation of phosphopeptide analysis 1s a waste
of time!
In terms of the best class of proteins to test these methods, you can't
go past protein kinases. Go to the Upstate web site
hitpAwww upstate.com and look at the hist of kinases that match with &
&) & Inkernet

Or: “forget beta-casein, unless your project is to purify phosphopeptides
from milk, beta-casein validation of phosphopeptide analysis is a waste
of time!” - Ken Mitchelhill

So, no more phosphopeptides from casein in this presentation!
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1. gi|89281 Mass: 30323 Score: 79 Queries matched: 1

protein kinase (EC 2.7.1.37), chMP-dependent, type alpha, catalytic chain - pig {fragment)

[Jcheck to include this hit in error tolerant search

Query Observed Mr{expt) Mr{calc} Delta Miss Score Expect Rank Peptide

1107.90 2213.79  2214.07 -0.28 O 80 2.7e-05 1 TWILCGTPEYLAPEIILSK + Phospho (ST}
Top scoring peptide watches to guery 1
Protd Score greater than 30 indicates homology
gi|8d Score greater than 47 indicates identity hatched: 1
protd Status bar skows all kits for this peptide alytic chain - pig (fragment)
i 1 hatched: 1
protd Seere  Delta Hit Protein Peptide lea hare
80.4 -0.28 1 gi|89z51 TUTLCGTPETLAPEIILSK

91118 259 _p.zs 1 gils9281 TWTLCGTPEYLAPEITLGE [atched: 1
protd 37.7  -0.28 1 gi|sozsl TWTLCGTPEYLAPEIILSE ain - California sea hare
gi|id 18.0 -0.z8 1 gi|89z51 TWTLCGTPEYLAPEIILSE  fhatched: 1
camp] 12.9 0.74 2 gi|31224299 TWILCGTPEYLAPEIIQAR | c_glpha)

. 12.9 0.74 2 gi|31224299 TWILCGTPEYLAPEIIQAK i
ETEY 0.71 4 gi|30689s82 ALSTRPDILPSI¥CELSK [ovehed: 1
chP 55 _0.1g 3 gi|7021083 TATVSSPLTSPTSPSTLSLE |C-=lrha)
gilid 7.7  -0.08 5 gi]| 13470885 STYGTGCFALLNIGSDLVE jatched: 1
camp] 7.7 -0.06 5 gi]| 13470885 STYGTGCFALLNTGSDLVE C-beta-zj
gilz hatched: 1
cANMP-dependent protein kinase catalytic subunit
gi|230462 Mass: 40414 Score: 70 Queries matched: 1
Chain E, c-iMP-Dependent Protein Kinase [E.C.2.7.1.37) (cAPK) (Catalytic Subunit)
gi|284054 Mass: 23939 Score: 79 Queries matched: 1

protein kinase (EC 2.7.1.37), ciMP-dependent, alpha catalytic chain, short splice form - human [fragment)
gi| 349518 Mass: 40395 Score: 79 Queries matched: 1

Chain E, c-iMP-Dependent Protein Kinase [E.C.2.7.1.37) (cAPK) (Catalytic Subunit) ""alpha"" Iscenzyme Mutant With Ser
~d 1A EEND Macesr a141a7 CAnva: 70 Mmawrias matrhad: 1 ]

< ¥
&] 1:q1/89281 & Inkernet

Here is a more realistic example - a strong match to a phosphopeptide
from cAMP-dependent protein kinase.

This 1s very typical and reproducible ... there is little to choose in terms
of score between having the phosphate on T'1 or T3. But, we can be very
confident it is not on T7 or Y10 because the score drops dramatically
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B
g
S
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g 5| ¢
g H n
ol 2 £ & N 3
& 2l g i > E - ES 5
& 3 ‘ e >4 | ®
AN IO O W L2 [ ]
| ‘ ‘u | T | ‘ IR 1P 1 T A | Low L) | l .
1200 1400 1600 1800 2000

bW W L Seq ¥ i I I B Bl
10205 5153 B4.04) 4253 T 12

1| 2881314457 270.12[135.57) W 2016.05 1008 53 199902 1000.02| 1998 04 (999 52 18
3| 37117)186.09) 353.16177.08 132057 91549 1812.55 %0693 131196 (906,43 17

=
1
]
ee of TWTLCGTPEYLAPEIILEE Y
4] 484.26|242 63 46624 23363 L 1T4693| BTI ST 172991 B6S46|1728 92 BG4 97 16
z
13

Chaens E, Caregr-Diepen dent Frotein Kinkee Catalytic Subuset (E ¢ 27 137)

5 58716 (20414 5692528513 C 163355 31743161682 BO0B5Z 161504 BO3 42 15
PoOLE30EA) TRL4E 151381 75741 151283 756,92 14
147382| 737411456 7% 728901455 8172841 13
1372.77| 68689135575 €7838 1354 76|677 83 12

Honoisetopic mass of neutral peptide Mricalc}: 214.07 20297 £al £oF o8| 217
Wariable modifications: 644 20 322 85 626,28 31264

T
L
[
4
;:m- s&.f?'??":ﬂl.; 2.7e-05 7| 4533139317 727.321364.17| T
Hatches (Bold Red}: 217178 fragmenc ions using 55 most intense peaks 0423942170 B2 3R 41263 P
S| 971.43\486.22| 95342477.21| E 127572 638.36|1258.62| 623.85|1257.71|629.36|11
1001124 4% 56775 111648 50874 ¥ 114668 57284 |1120.60 56033 112867 564,84 10
11| 12147.58|624 29 122957 6152%| L 93361 4%2 31 96659 48380 9656048331 9
A
r
E
T
1
L
14
K

£l

12 1318.61|652.81 1300.60 650.91 7053 43577 B350 427.26) 9525242676 §
13141567 708.34 1357 66 69933 THO4) 40025 TEZAT 20174 TE14B|39124 7
L4 154471 772,86 152670 76385 TOZ A4 35172| GB541 34321 6844334272 6
15 1657 7% 829 40 1639 78 220 3%
16 1770.08|BE5.94 1752.67 876.94
171883 96 42 48 186595 93348
fass tDa) I8 1970 99 986 00 1952 98 976 9% &
19

T
=}
©
5
c
£
i

L3
ATi40) 28T 20| 53637 2TRG9| 5553927220 %
46031 23066 44329 22215) 4423022165 4
3
2
1

347230 174.12| 330020 16560 3202216511 3
T34 11T SR 21712 10906, 216.13|108 57 2
14711 T40&| 13009 6555

If we compare the two top hits carefully, we can see that there is just one
peak difference.

Unfortunately, in this case, the scoring comes mainly from the y ions, so
this additional peak has little effect on the score

This highlights the difference between finding a match and verifying it.
Mascot is doing a good job of pulling the correct peptide out of all the
molecular weight matches in the database.

And, if we accept that this is the correct peptide sequence, and look for
evidence to prefer one phosphorylation site over the other, then we
immediately focus on this one peak.

However, there are many unmatched peaks in the spectrum. Also, there
1s always the possibility of a random match. For example, looking at the
mass errors, we might guess that y*(6) is wrong.

If we want to follow through this particular example, we go to the bottom
of peptide view

16
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"
1200

b0 NI Seq oy gH |yt g g
B404| 4253 6603 3352 T 19
270.12/135.57 252.11/126.56 W |2034.06|1017.532017.04 1009.02|2016.05 1008.53 18
ITLAT 18609 Z531617708 T 184798 92449 183096 91598182997 9154917
48426 24263 46624 (23363 L 174693 BUIOT 172991 BES 46172892 86497 16
58726294 14 5692528513 ¢ 163385 81743 161682 20B 92161584 80242 15
644 25 322 65 626 28(31364 G 153084| 76592 151381 75741151283 75692 14
o itemmoisn 4533(773.17) 727.32(36417| T 147382 73741 143679 72890145531 7284113
Matches (Bold Red): 20/178 fragment ions using 55 most intense peaks B 89423742170 82438 41269 P 137177 6H6.BT 135575 &VE3E 135476 67788 12
9 9714248622 9534247721 E 127572 63836|1238.69 62985125771 62936 11
1001134 49|567.75 11164855874 Y 114668 57384 112065 56533 112847 56484 10

PR I AT

Monoisotopic mass of neutral peptide Hricalc}: ZZ14.07
Wariable modifications:
T t Phasphe (3T

Y

1475862429 12295761529 L 98361 49231 96659 4R3I B0 96560 48331 9

12/ 131B8.61|659.81 1300.60|650.81 A 870.53| 43577 BS3.50 427.26| 85252 42676 8§

g 13141567 708,534 1357.66 69333 ' 79949 40025 TE247 39174 78148 39124 7
5 141544 71 T72.86 152670 76385 E  T0244) 35172 6ES41 B4321) 63443 34272 &
E 151657 79 82940 163978 82035 I | 57340) 28720| 556,37 27860 5553% 27920 5
6 1TT0RR |85 94 17528787694 T | 46031| 23066 44329 22215 44230| 22165 4

171883 96 942 48 126595 93348 L | 34723 17412| 33020 16560) 32922 16511 3

15197099 986,00 195296 97695 § 13414 117358 21712 10906 21613 10857 2

19 K 14711 7406 13009 6555 1




2 Mascot Search Resulis: Peptide View - Microsoft Internet Explorer

v B

Links  EB0Snaglt & -

~

Fle Edt View Favorites Tools Help
€] © \ﬂ @ jj /-7 Search f}/ Favortes @ reda ) - i [ QI
Address |e_‘| hikkp: ffunow . matrixscience. comfcgfpeptide_view, pifile=. . data 2004051 7 /Famroavn. datéquery=18hit=18index=0i%7c8928 1 2px=1

8 B42.39|421.70| B24.38/412.6%| P |1372.77| 686.8% 1355.75| 678.38/1354.76 £77.83 12

9 971.43|486.22| 953.42/477.21| E |127572| 63836 1258.6%| 629.85/1257.71 629.36 11
10/ 1134.49|567.75|1116.48|558.74| Y |1146.68| 573.84 1125.65 565.33/1128.67 564.84 10
11/1247.58|624.29|1229.57615.28| L | 983.61| 48231 966.59| 483.80) 965.60 483.31 9
12 1318.61|655.81|1300.60|650.81) A | 870.53| 43577 853.50| 427.26 85252 42676 8
13 /1415.67|708.34|1397.66|699.33) P | 799.49| 40025 78247 39174 78148 391.24 7
14 1544.71|772.86|1526.70|763.85| E | 702.44| 35172 68541 343.21 68443 34272 6
15/1657.79|829.40|1639.78|820.38| I | 573.40| 287.20 556.37| 278.69 55539 278.20 5
16/1770.88|885.94|1752.87|876.94| T | 460.31| 230,66 443.29 22215 44230 221.65 4
17/1883.96|942.48|1865.95/933.48| L | 347.23| 174,12 330.20| 165.60) 329.22 165,11 3
18 /1970.99|986.00|1952.98/976.95| S | 134.14| 11758 217.12| 102.06) 216.13 108.57 2
19 K | 14711 7406 130.09| &5.55 1

-0 TATLITTITTTTTTTTTmmmmmmmmsmssmssesmeseoooo
2
g 0L oo
5

R R

T — T T — T
Sty 1000 1500
RIS error 104 Mass (Da)
NCBIBLAST search ofTW'II.CGTPEYI.%EDlSK
(Parameters: blastp, nr protein database, expeh_F20000, no filter, PAM30)
Other BLAST web gateways
Mascot: http/fwww matrixscience com/
2] http: s mcbi, rim.nih. o blast/Blast. cgiP ALIGNMENTS=S0BALIGNMENT_VIEW=PainuiseBAUTO_FORMAT=SemiautoBCLIENT=webaDATABASE=NIED

 Internet

Follow the link to run a Blast search of this peptide
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NCBI Blast - Microsoft Internet Explorer
Fle Edit Wiew Favortes Took Help

&

G0

Links  EB0Snaglt

NCBI

Nucleotide

protein-protei

Pratein Tra

n

BLAST

TWTLCGTPEYLAPETIILSK

Search

et sut

Choose datahase

Do CD-Search

Options for advanced blasting

Limit by entrez
| or select from All arganisms

query

Compasition: O
based statistics

|

£

 Internet

Choose Swiss-Prot as the database, because we want a database with

good annotations

19



3 RID-1084815623-11815-107574435542.BLASTQ3, - Microsoft Internet Explorer

File Edit Yiew Favorites Tooks Help h
! Y A 7 o 2 - & ")
€] O \ﬂ @ ) ) search 7 Favaries @ reds £ & F= L.
Address |§1 bkt fwnsw, nchi. nlm. ik, gov fblast /Blast . cai V‘ Go  Links EDSnaglt @ h
Sbject: 233 TWILCGTPEYLAPEIILSK 251 o

>gi|125215|sp|P12370| KAPC_DROME chMP-dependent protein kinase catalytic subunit (PKAE C)
Length = 353

Score = 66.0 bits (148), Expect = 8e-12
Identities = 19/19 (100%), Positives = 15/13 {100%)

Query: 1 TWTLCGTPEYLAPEIILSE 19
TWTLCGTPEYLAPEIILSK
Shict: 196 TWTLCGTPEYLAPEIILSE 216

>gi| 33860173 |sp|P22612 | KAPG HUMAN cAMP-dependent protein kinase, gamma-catalytic subunit (PKA
C—granng )
Length = 351

Score = 66.0 birs (148), Expect = Se-12
Identities = 19/19 [100%), Positives = 19/19 (100%)

Query: 1 TWTLCGTPEYLAPETILSE 18
TWTLCGTPEYLAPEIILSK
Sbjct: 196 TWILCGTPEYLAPEIILSK 214

>gi| 125205 sp|P17612 | KAPA HUMAN chMP-dependent protein kinase, alpha-catalytic subunit (FEA
C-alpha)
Length = 351

Szore = 6.0 bits (148), Expect = Be-12
Identities = 19/19 [100%), Positives = 19/19 (100%)

Query: 1 TWTLCGTPEYLAPEIILSE 139
THTLCGTPEYLAPETIILSE

&) @ Internet

Lots of identity matches to this very common protein. Choose the
relevant species, in this case human. Make a mental note of the offset of
the peptide in the protein, 196



@

<2 NiceProt View of Swiss-Prot: P22612 - Microsoft Internet Explorer

Fle Edt Wiew Favorites Tools Help

GBack - Q d Ig A /.-“Search ‘f_"\?Favnntas @ e ) - & -

Address | @] hitpejfus.expasy.orgjcgi-binfniceprat pRKAPG_HUMAN v a Go  Links EDSnaglt @ h

£ 2| Feature table viewer

Key From To Length Description

INIT_MET a a

LIPID 1 1 N-myristoyl glycine ([By similarity).

DOMATIN 43 297 255 Frotein kinase.

NP_BIND 48 57 9 ATP (By samzlarity).

BINDING P2 72 ATP (By saimilarity).

LCT_SITE 166 166 Froton acceptor (By similarity) .

HOD_RES 187 137 Phosphothreonine (by autocatalysis) (By similarity).
HOD_RES 338 B3s Phosphoserine (by autocatalysis) (By similarity).
CONFLICT 267 £67 H -> D {in Ref. 1).

CONFLICT 344 P44 &L —> P {(in Ref. 3).
1

Sequence informatior;

Length: 350 AA Iolecular weight: 40303 Da CRCE4: 4CA40198369BSD3B [This is a checksum on the sequence]
10 20 30 40 50 50

| | | | |
GMNAFAFKDTE QEESVNEFLA KARGDFLYRW GNPAQNTLSS DQFERLRTLG MGSFGRVILY

7o 80 Q0 100 110 1z0

| | | |
RHQETGGHYA MEILNEQEVV KMECVEHILN EKRILQAIDF PFLVKLOQFSF KDNSYLYLUM

130 140 150 160 170 180
| | | | |
EYVPGGEMFS RLQRVGRFSE PHACFYAAOY WLAWQVYLESL DLIHRDLKPE NLLIDOQQGYL

190 200 210 220 230 2a0

| | | |

QWTDFGFAKR VEGHTWTLCG TPEYLAPEII LSKSYNKAVD WWALGVLIYE MAVGFPPFYA
&) @ 1nternet

~

And hop over to Expasy to see the full text for this entry. Here is the

peptide. The Expasy numbering has it starting at 195 because the
Initiator methionine is not present.

But, what is this? According to Swissprot, the phosphate is on T3, not T1!

So, either Swiss-Prot is wrong or the extra match in the b series, which

looked so convincing is spurious. I've no idea which. But, this does
1llustrate how easy it is to over-interpret noisy MS data.
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3 Peptide Summary Report (../data/20040513/FamTbae. dat icrosoft Internet Explorer

Fle Edit Wiew Favorites Tools  Help

Q- O X G

Adddr=ss | 45] httpi uwan. matrixstience. comfegifmaster_resuls, plzfle=. . Jdatal20040513/FamTlbae. dat

) ) search

¢ Favories @Y eca ) - = @ M Powermarks Bl 4 94

T T T | USNTEL=l “ ] [TETor tolerant

1. gi|g9281 Mass: 39323 Score: 79 Queries matched: 1
protein kinase (EC 2.7.1.37), chMP-dependent, type alpha, catalytic chain - pig {fragment)

[Jcheck to include this hit in error tolerant search

Query Observed Mr{expt) Mr{calc} Delta Miss Score Expect Rank Peptide

Top scoring peptide watches to guery 1

1107.90 2213.79 2214.07 -0.28 o 80 2.7e-05 1 TWILCGTPEYLAPEIILSK + Phospho (ST)

Protq Score greater than 30 indicates howology
gi|8g Score greater than 47 indicates identity hatched: 1
protd Status bar shows all hits for this peptide alytic chain — pig (fragment)
gifl hatched: 1
protd Seore  Delta Hit Protein Peptide Lea nare
80.4 -0.28 1 gi|agzsl TWTLGGTPEYLAPETILSE

91118 259 _p.zs 1 gils9281 TWTLCGTPEYLAPEITLGE [atched: 1
protd 37.7  -0.28 1 gi|sozsl TWTLCGTPEYLAPEIILSE ain - California sea hare
gi[1d 18.0 -0.28 1 gilagzsl TWTLCGTPEYLAPEIILSK  fatched: 1
canp] 12.9 0.74 2 gi|$1224299 TWILCGTPEYLAPEITOAE | q)phe)

. 12.9 0.74 2 gi|31224299 TWTLCGTPEYLAPEITIQAK )
ETEY 0.71 4 gi|30689s82 ALSTRPDILPSI¥CELSK [ovehed: 1
chP 55 _0.1g 3 gi|7021083 TATVSSPLTSPTSPSTLSLE |C-=lrha)
gil1d 7.7 -0.06 5 gi|13470885 STYGTGCFALLNTGSDLVR atched: 1
camp| 7.7 -0.08 S gi|13470885 STYGTGCFALLNTGSDLVR c-beta-2)
iz hatched: 1
cANP-dependent protein Kinase catalytic subunit
gi|230462 Mass: 40414 Score: 70 Queries matched: 1
Chain E, c-AMP-Dependent Protein Kinase (E.C.2.7.1.37) (cAPE) (Catalytic Subunit)
gi|284059 Mass: 23939 Score: 70 Queries matched: 1
protein kinase (EC 2.7.1.37), ciMP-dependent, alpha catalytic chain, short splice form - human (fragment)
gi|349816 Mass: 40393 Score: 70 Queries matched: 1
Chain E, c-AMP-Dependent Protein Kinase (E.C.2.7.1.37) (cAPE) (Catalytic Subunit) ""alpha"” Isoenzyme Hutant With Ser
il AT ASAO Masese A114a7 CAnva: 70 Mmavias matrhad: 1 b

< ¥
&] 1:q1/89281 & Inkernet

The Mascot score reminds us that there is little to choose between T1

and T3. All we can say with confidence is that the phosphate is on one or

the other ...or maybe there is a mixture of both forms?
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'eptide Summary Report (cps |-rat) - Microsoft Internet Explorer

File Edit Wiew Favorites Tools Help /3

@Ba(k - \ﬂ |EL‘ _;j /-75earch ¢ Favortes @ redia £2) - = @ M Powermarks Bl 4 94

Address | ] http:fjvww.matrixscience comfcgiimaster_results,pl7file=, . (data/2004051 1/Famulase.dat M= K
S - —
Significance threshold p< |0.0% Max number of hits AUTO
Statdard scoting ® MudPIT scoting O Ions score cut-off |0 Show sub-sets []

Show pep-ups @ Suppress pop-ups O Sort unassigned | Decreasing Score v | Require bold red []

Se\e:tAll] [ Select Nane ] l Search Selected I [ Frror tolerant

1. P27703 Mass: 41249 Score: 64 Queries matched: 1
(MED1_MOUSE) Mitogen-activated protein kinase 1 (EC 2.7.1.37) [Extracellular signal-regulated kinmse 2) [ERE-2) (Mitc

[Jcheck to include this hit in error tolerant sesrch

Query Observed Mr(expt) Mr{calc) Delta Miss Score Expect Rank Peptide
742.26  2223.77  2222.96 0.80 0 68 3.4e-05 1 VADPDHDHTGFLTEYVATR + Phospho (Y¥)

Top scoring peptide matches to query 1
Score greater than 36 indicates identity
Search Par| status bar shows 21l hits for this peptide
Type of sed Score Delta Hit Protein Peptide
Enzyme 67.9 0.80 1 P27703 VADPDEDHTGFLTEYVATR
Variable md 24%.% 0.80 1 P27703 VADPDEDHTGFLTIEYVATE [ (S) Phospho-HL (T}
Mass valued 38.5 0.80 1 P2770% VADPDEDHTGFLTETVAIR
Protein Mag 19.8 0.80 1 P27703 VADPDEDHTGFLTEYVATR
Peptide Mag 13.5 0.80 1 P27703 VADPDEDHTGFLTEYVATR
Fragment mq 12.6  -0.97 SDYENDDECWSALESTR
Max Missea | 12.6 -0.97 SDYENDDECUSALESFR
Tnstrument | 11.% 0.80 1 P2770% VADPDEDHTGFLTETVATR
Humber of ¢ 10.5 0.80 1 P27703 VADPDEDHIGFLTEYVATR
7.6 0.74 VINFYAGANOSMNVTCVGRK
matrizscience. com/
v
A >
&) 127703 & Internet

Here is an example where a similar difference, moving the site by 2
residues, causes a much bigger change in the score



Tons Seore:
Matches (Bold Red):

" wigr

HTH yeasie

i

wca

68 Epect: 3.4e-05

27174 Eeagment

Munoisstopic mass of neubral peplide Mr{cale}: 2222.96
Variahle modificalions:
¥15 ¢ Phesphe (1)

toms using SO most intense peaks

i yter

B3

AT
<125+

I

'a.i;ﬂ;i.udm é_JLQLL%LLQJM.in ol .Jll_}\;_,g 5 i

Expect: 0

]

i mase of meutral peplide Mrieale): 230298
i ioat bans:
Phospha-HL (T)

5 4
Matchas {Bold Wedp: 25/178 Srament oms using 50 west intanss pesks

e [ [0 [ e 3 [y [ [ [P [P ] L IO i I A R B S B L A
1 10008 5054 v 19 1 10008 %054 v 19
BT A 2124 50/ 1062 55 (2107 83 1054.44 2106 851053 5518 11711 sEDG A 212490106295 (210783 1054.44 2106,85 1053 95|18
3 186.14| 14357 26813 13457 D |205387| 102744 [2036.84 1018 92 2035 85101843 (17 3| 18614 14357) 26803| 13457 D 2053 87| 1027 44 2056 B4 1018 92 2035 8510184317
4] 38319 19210| 36518 18305 P [1998.84) 96991 |152181 96141 1920.83| 9605216 4] 33319 15210) 36518 18309 P 193R84] 960.02[1921 81 96141 192083 96092 |16
s 49822 24961 48021] 24061 D [1841.79| 92040182476 91298 192377 9123918 5| 49822 24961 4B021] 24061 D 1841.79] 921401824 76| 91288 1823 77| 9123918
6| 63528 31814 61727 30914 H |172676| BE3EA 170973 85537 170875 854 £8(14 6| 63528 31214 £1727| 30914 H 172676| 263 E8170573| 85537 1708 75| 254 5814
7 73031| 37566 73229 36665 D 1589.70| 79535(157267 78684 157165 786 35[13 7075031 37566 T32ZP| 665 D 1589.70| 79535157267 T96.84 157165 7863513
§| 88736 44415 56935 43518 H |147467| TATS4 145765 72933 145666 728 83[12 8| 82736 441% B65.35| 43518 H 147467 TITHA| 145765 TIRI3 MS666 T2EEI 12
9| 9E341) 49471 97040 43570 T |133761| 663 31132059 66080 1319.60] 660 31|11 9| §8B41 4871 9700|4850 T 133761 66931132059 66080 1319.60) 6603111
10 104543| 52322102742 51422 G |123657] 61879[1212.54 £10.27 1218.56) 609.73|10 10|1045.43) 523,22/ 102742 51422 G 123657 61379[1219.54 £10.27 1218.56] 609.78|10
11/1152.50| 59675(1174.45| 58775 F [1175.54| %00.28(1162 52| 581.76 116153 58127| & 11(119250 59675 117449 39775 F 1179.5%4] 9028|1162 52 58176 116153 581.27| @
12 130559 65330128758 64429 L |103148| 516.74|101545 50823 101447 507.74| 8 12|1305 59 653.30|126758| 64429 L 103248 S16.74|101545| 50823 101447 50774 8
131406.63| 70382138862 69482 T | 919.39| 46020| S023T7 4SLEH 90138 45119) T 13148660 74380/ 146859 T80 T  919.39] de020) 50237 45165 H0138 45115 7
14 1535.68| T6E.24 151767 75934 F | S1834| 40568 $0132 40116 50033 40067| & 14/1615.64) 80832 1597.63| 79932 E  738.3B| 36969 72135 36118 T2037) 36069 &
15 177871| B89.B6176070| 88085 Y | 689.30| 34515 67228 33664 67129 33615 5 15177871 88986 1760.70| BB0ES) ¥  609.34| 30517) 39231 29666 50131 20617 £
16/1377.77| 93939 165976 93039 V | 4d6.27| E364| 42925 21513 42826 21463 4 16187777 93939 1855.76| 93039V 446.27| 20364 42025 21513 42826 21463 4
171543 81| 974 91193080 96550 A | 34720 17411] 33018 1655% 32919 16510] 3 17154881 37451153080 56550 A M4720| 17411) 33018) 16555 32015 16510) 3
MATRIX
ASMS 2004 pfrsrhosts

This is because there are two additional peaks, rather than one, and they
show up in the y series, which is where the score is coming from.

Additional evidence that the phosphate is on Y15 comes from the lack of
a strong neutral loss peak for the molecular ion. However, this does not
contribute to the Mascot score.
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Monoisotopic mass of neutral peptide Mricalep: 07101
Roetyl [F)
na:

b'¥3 ¢ Phospho (Y]

i+ Phospho (Y}

Tona Seare: &9 Ewpect: 000026

Matches {Hold Ked)}: 23/146 fragment 1ons using 54 most intense peaks

L L S o A O O B T A R N et e |

1 10205 51493 2404 4253 T [
1 34508172035 IXLOTIRA04 Y | 19TETT W0 359 195675978 88 195578 9IE 38|15
3 4441522258 426.14 213.57) V(1730074 365,87 |1713.72|857 36 171273 BI6.27 |14
4 559.1%|280,09 S4LLT 20108 v |L6316T 816,34 | 1614.65| 307 83 161366 B07.34 |13
5 636.23[32B.62 §30.22 31261 P 151665 TEGE3 145562 750,31 1493.64 74582 |12
6 R0330402 15 TRI29 39315 F 141959 710 301402 57| 701.79 1401 58701 30|11
T 00435 45268 HE6.34 44367 T (117153 63677 1255,50 628 25 125452 62776 10
§ 114738 |574.1% 112537 565.1% ¥ |117148 5B6.24 115445 577.73 115347 |577.24) &
912764263871 125841 62071 E | 92845 46473 911,42 45621 %1044 45572 8
10 1391 45 |696.23 137344 6B7.22) D | 79941 400.21) TI23B 35169 7814035120 7
11 1428 50 744 75 147049 73575 P | GR438 M2 69 66T 35 33418 3
LT V602 54 80178 15855279326 1584, 53 TR UT| N | 58133 20417 57030 28565 5

47328 23715 45626 22863
34521 17312 322.20| 154,60
17419 137,60 257.16/125.08
17512 8R30& 15808| 7955

13 173060 865.80 1713.58|B57 25| 171259 §56.80
14 180164 |900 32 17846129281 178363 80232
15190071 850,86 1863.63| 542 34| 138270 541.85

AR R
[ R

A slightly more complicated example. Two phosphates and three
potential sites.



Peptide Summary Report (../data/20040513/FamTleET. dat) - Microsoft Internet Explorer

Fle Edt View Favorites Took Help
GBack A > | \ﬂ IEL‘ A / ) Search ‘j;}‘ Favorites @Med\a {‘f Y= % M Fowermarks Bl 4 24
Adldress | @] hitpejfumw. matrixscience. comfcaifmaster_results.plzfle=. . jdataj20040513jFamTIET. dat v Go
-~
Standard scoring @ MudPIT scoring O Tens score cut-off |0 Show sub-sets []
Show pop-ups & Suppress pop-ups O Sort unassigned | Decreasing Score v Require bold red [
Select All ] [ SelectMone ] [ Search Selected ] [ Exror tolerant
1. 1] 4758280 Mass: 111974 Score: 67 Queries matched: 1
ephrin receptor Ephl4; ephrin type-A receptor 4; TYROL protein tyrosine kinase; tyrosine-protein kinase receptor SEK;
[Jcheck to include this hit in error tolerant search
Query Observed Mr{expt) Mr{calc}) Delta Miss Score Expect Rank Peptide
1 1038.00 2073.98 2073.81 0.17 1] 69 0.00026 1 TYVDPFTYEDPHQAVR + 2 Phospho (Y¥)
Top scoring peptide matches to query 1
Protq score greater than 45 indicates identicy
gi|3q Stetus bar shows all kits Ffor this peptide ps matched: 1
simi
gi| 54 Score DPelta Hit Protein Peptide ks matched: 1
Ephed 687 0.17 1 gi|4758280 TYWDPFTYEDPNOAVR | o ecepe
i1 60.6 Q.17 1 gi|4758280 TYVDPFTYEDPMNQALVR L< matched
il 5o 5 0.17 1 gi|4758280 TYWDFFIVEDPNQAVR . -
Ephad 14,5 0.17 1 gi|4758280 TYVDPFTYEDPNQAVR Yg - h|gh |eVe| Of Confldence
gil3qd 14.5 Q.17 1 gi|4758280 TYWDPFTYEDPNOQAVE ps matched| H
Eph f 10.9 0.17 1 gi|4758280 TYWDFFTYEDPNQAVR Y2 more llkely than T1
7.4 0.07 3 gi|475879% YTLTETPLLETAQELAR
2. iz 6.5 Q.13 2 gi|21645679 QEDSYITTESLTTTAVE
alzy g 0.13 2 gi|21645679 QEDSYITTESLTTTAVE
grovy o 0.07 3 gi|4758794 YTLTETPLLHTAQELLR
[] Chec
Query Observed Mr(expt) Mr{calc) Delta Miss Score Expect Rank Peptide
1 1038.00 2073.98 2073.85 0.13 O 6 4.4e+02 8 QEDSYITTESLTTTAVR + Phospho (ST); Fhospho (Y)
-
< bd
&) 1gil4755280 B Internet

Looking at the scores, we see a big score drop when Y9 is not carrying a
phosphate, so we definitely want to put one there. However, not so clear
cut whether the other phosphate is on T1 or Y2



Mascot Search Results: Protein View - Microsoft Internet Explorer

Ele Edt Wiew Favorites Tooks Help

Dot - - [ B € O seen

Address @j hitbp: ffemean. matrixscience. comfcgifprotein_view plifile=, . /dataf2004051 3{FamTIeET. dat&hit=gi%.7 (5853748px=18protscore=66. 80246 753856972,_mudpit=1000

¢ Favortes @ redia £2) 1= @ N povermarks Bl 4 S

Cleavage by Trypsin: cuts C-term sicde of KR unless next resicue 15 F
Sequence Coverage: 1%

Karched peptides shown in Bold Red

1 MAGIFYFILF SFLFGICDAV TGHRVYPANE VTLLDSRSVQ GELGUWIASFL
51 EGGUEEVSIN DEENTPIRTY QUCNVMEASQ NNULRTDWIT REGAQRVYIE
101 IKFTLRDCMS LPGVMGTCEE TFMLY¥VYESD MNDEERFIRES QFGETDTIAL
151 DESFTQUDIG DRIMELMTEI RDVGPLSEKG FYLAFQDVGA CTALVSVRVF
201 YKKCPLTVRN LAQFPDTITG ADTSSLVEVR GECVNNSEEER DVPENVCGAD
251 GEWLVPIGNC LCNAGHEEQM GECQACEIGY VEALSTDASC ARCPPHITSV
301 WEGATSCTCD RGFFRADNDA ASMPCTRPPS APLMLISNVH ETSVNLEWSS
351 PONTGGRODI SYNVWCKKCG AGDP3KCRPC GEGVHYTPQO NGLETTRVSI
401 TDLLAHTHYT FEIWAVNGVS EYNPSPDQSV SWTWTTHNQAA PSSTALVOQLKE
451 EVTEYSVALAL WLEPDEPNGV ILEYEVEYYE KDQMERSYRI VRTAARNTDI
501 EGLNPLTSVV FHVRARTAAG YGDFSEPLEV TTNTVPSRII GDGANSTVLL

551 VSVIGIVVLY VILIAAFVIS RRRSKVIKAK QEADEEKHLHN QGVRTYVDPF
601 TYEDPHQAVR EFAKEIDASC IKIEEVIGVG EFGEVCSGRL EVPGEREICW
651 ATKTLKAGYT DEQRRDFLSE ASIMGQFDHP NITHLEGVVT ECKPVMIITE

751 NILVNSNLVC KWSDFGMSRV LEDDPEALYT TRGGKIFIRW TAPELIAYRE
801 FTSASDVUSY GIVMWEVMSY GERPYWDMSN QDVIKATIEEG YRLFFPMDCP
851 IALHOLMLDC WQEERSDRPK FGOIVMMLDE LIRNPNSLER TGSEZSRPNT
901 ALLDPSSPEF SAVWSVGDUL QATEMDRYKD NFTAAGYTTL EAVWHMSQDD

951 LARIGITAIT HQNKILSSVQ AMBRTQMOQOMHE GRIVPY

[ Show predicted peptides also ]

®Residue Mumber O Increasing Mass O Decreasing Mass

Start - End  Observed Mr(expt) Mr(calc) Delta Miss Sequence
595 - 610 1038.00 2073.98 2073.81 0.17 0 TYVDPFTYEDPHQAVR 2 Phospho (¥) (Ions score 69)

701 YMENGSLDAF LRENDGRFTV IQLVGHLRGI GSGMKYLSDN SYVERDLAAR Y602 - hlgh level of confidence
Y596 more likely than T595

@i

Bear coa
=
i~}

& Internet

The numbering in the protein is T595 and Y596. Again, if we hop over to

Expasy

27



2 NiceProt View of Swiss-Prot: Q03137 - Microsoft Internet Explorer,

Fle Edit Yiew Favorites Iools Help r
@Ba(k - Q ﬂ IEL‘ _;‘J /.-“search :\7 Favorites @ Media 464) - & - @ T powemaks Bl 4 34
Addr=ss | 48] httpifjca.expasy orgjegi-binjniceprot. plPEPAd_MOUSE v B o
CHAIN 20 986 967 Ephrin type-A receptor 4. &
DOMAIN z0 547 5zg Extracellular (Potential).
TRANSMEM 548 563 Z2  Potential.
DOMAIN Y0 986 417  Cyroplasmic (Potential).
ety RFRE 88 GEeehn Y602 - high level of confidence
DOMAIN 3z8 431 104 Fibronectin type-III 1.
DONATH 241 532 92  Fibronectin type-III 2. Y596 more |Ike|y than T595
DOMAIN 621 882 262 Protein kinase.
DONMAIN 911 97§ 65  SAH.
SITE 984 986 3 PDZ-binding motif (Potential).
NF_BIND 527 635 9 ATP (By similarity).
BINDING 653 653 ATP (By similarity).
ACT_SITE 746 746 By similarity.
MOD_RES 538 596 Phosphotyrosine (by autocatalysis) . _
MOD_RES 50z 602 Phosphotyrosine (by autocatalysis). €f——————
MOD_RES 779 i) Phosphotyrosine (by autocatalysis) (Potential).
HOD_RES 928 928 Phosphotyrosine (by autocatalysis) (Potential).
CARBOHYD 235 235 N-linked (GlcNAc...) (Potential].
CARBOHYD 340 340 N-linked (GlcNAc...) (Potential].
CARECHYD 403 408 N-linked (GlcNhe...) (Potential).
CARBOHYD 423 423 N-linked (GlcNAc...) (Potential].
VARSPLIC 783 832 Mizzing (in isoformw Short). VEP_002995
Sequence information
Length: 986 AA [This 1s the length of the Melecular weight: 109801 Da [This is the MW ofthe CRC64: D16ADSBS85668C80E [This is a checksum
unprocessed precursor] unprocessed precursor] on the sequence]
10 20 30 40 50 &0
| | | | | |
MAGIFYFILF SFLFGICDAV TGSEVYPANE VTLLDSRSVQ GELGWIASPL EGGWEEVSIH
70 &0 =0 100 110 120
NERNTPTRTY n\frwnrn;; v\n\rm.n'rm.n'lr nmnnnvwx‘r TKFTLRNCNS 1 PGYMGTCRE b
&) & Inkernet

We find that, this time, we agree. Again, the lack of a neutral loss peak
from the molecular ion suggests Y rather than T. However, the Mascot
score difference is less than 10, which can come down to just a single
extra peak being matched. In the absence of additional evidence, this
would be a shaky assignment. My subjective feeling, not very scientific,
but based on looking at a range of examples, is that you can be
reasonably confident in an assignment when the score difference is 20 or
more.



Peptide Summary Report {../data/20040511/FamuCfES. dat’ icrosoft Internet Explorer

Fle Edt Wiew Favorites Toos Help E

eBack - Q \ﬂ @ jj f_j Search \_‘;:(Favnntas @ e £ [_:_

address |g”| http: juwn. matrixscience comfcgijmaster_results. plfile=. . (dataf2004051 L{F amuCfES. dat

Significance threshold p<
Standard scoring & MudPIT scoting O Tons

Show pop-ups @ Suppress pop-ups O Ser |3
=
5
Se\e:tAll] [ Select None ] I Search Selected I £
i
1. gi|92686 Mass: 6057 Score

protein-tyrosine kinase [EC 2.7.1.112) tyy

[Jcheck to include this hit in error tolera

Query Observed Mr{expt) Mr{calc} Delta Miss Score Expect Rank Peptide

1 780.30 1558.58 1558.66 -0.07 O 63 0.00076 1 VLEDDPEAAYTTR + Phospho (¥)
Top scoring peptide matches to guery 1
Protd Score greater than 17 indicates homology
gi|9] Score greater than 44 indicates identity heries matched: 1
protd Stetus bar shows 21l hits for this peptide ( fragment.)
gifl . . . heries matched: 1
Epnc] SPOTe  Delta Hit Protein Peptide linase receptor ETK1) [HEE
63.1  -0.07 1 gi|9z685 VLEDDPEARYTTR i

gilld gn.6  -o.07 1 gi|92686 VLEDDPERAYTTR [leries matched: 1
Ephr] 60.6 -0.07 1 gi|9ze8s VLEDDPEAAYTTR | kinase recepror ETK1) (HEK) [HEK4)
il 4 8.6 0.o07 2 gi|37360416 SOSNLQGLDDSR  heries matched: 1
protd 7.1 -0.03 3 gi|14195007 AVTGYRDPYTEE [ —

o 71 -0.03 3 gi|14195007 AVIGTRDPITEK . oned: 1
ailsd o7 plos 3 gi|14195007 AVIGYRDPYTER | ©F1es matched:
prot 6.1 -0.03 3 gi|14195007 AVIGYRDEYTEE |/Tragment)
gils{ 6.0 -0.03 3 gi|14195007 AVIGYRDPYTEK |jeries matched: 1
Ephr 2.4 0.07 2 gi|37360416 SQSNLQGLDDSR kinase recepror SEK) [(MPK-3)
gi] 6] heries matched: 1
receptor tyrosine kinase - rat 3

< H
&) 1:qijazeas @ Internet

Here’s a really difficult example. Great mass accuracy, good sequence
coverage, but almost nothing to choose in score between the top 3
matches
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Monoisotopic mass of neutral peptide Mr{calc): 1555.66
Variable modifications:

Y10 : Phospho (T)

Ions Score: 63 Expect: 0.00076

Matches (Bold Red): 17/114 fragment ions using 32 most intense peaks

2 B b N pOH Seq.| v e ye |yt 40 SO
1 10008 50.54 v 13
1) 113.16/107.08 L 146059 730.80 1443.57|722.29 1442.58 721.80 12
3 34220 171.60| 324.19 162,60 E |1347.51 §74.26 1330.48|665.75/1319.50 665.25|11
4 45723 228.12| 439.22/ 22011 D (121847 60274 1201.44 601.22 120046 600.73|10
5| 57116 286.63| 554.25 27763 D (110344 55222 1086.41 54371 108543 543.22| 9
G 66931 335.16| 651.30 326,15 P | 98841 494.71 971.35486.20| 97040 48571 8
7 798.35 399.68| 780.34 39067 E | 891.36|446.18| 874.33|437.67 873.35 43718 7
8 86939 435.20| 851.38 426,19 A | 761.32 3B1.66 7T45.28|373.15 744.31 37266 6
9 24043 470.72| 9224246171 A | 691.18 34614 6742533763 67327 337.14| 5
10/1183.46 592.23|1165.44|583.23 Y | 62024 310,63 603.22|302.11 602.23 301.62 4
11/1284.50 642.76 |1266.45(63375 T | 377.21 183,11 360.18|180.60 359.20 180.11 3
12 138555 693.28|1367.54 68427 T | 27617 13859 259.14/130.07 258.16/129.58| 2
13 R | 175.12] 88.06 158.0%| 79.55 1

If we flick between these matches, you can see that there is no evidence
in the score to support preferring one of these arrangements over the
other two. The absence of a neutral loss peak from the molecular ion
would indicate a preference for Y10
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Monoisotopic mass of neutral peptide Mr{calc): 1555.66

Variable modifications:

T11 : Phospho-NL (T}

Ions Score: 61 Expect: 0.0013

Matches (Bold Red): 17/114 fragment ions using 32 most intense peaks

2 B b N PO Seq v e vh |yt | 0 SO 4
1 10008 50.54 v 13
1) 113.16/107.08 L 146059 730.80 144357 722.29 144258 721.80 12
3 34220 171.60| 324.19 /162,60 E 134751 §74.26 1330.48|665.75|1329.50 665,25 11
4 45723 228.12| 439.22|220011 D 121847 60274 1201.44 601.221200.46 600.73 10
5| 57116 286.63| 554.25|277.63 D 110344 55222 108641 543.71 108543 543 22
6 66931 335.16| 651.30\326.15 P | 98841 494.71 971.38486.20| 97040 48571 8
7 798.35 359.68| 780.34|390.67 E | 891.3¢ 44618 874.33|437.67| 873.35 43718
8 86939 43520| 851.38 /426,19 A | 76232 3B1.66 745.28|373.15) 744.31 37266 &
9 24043470.72| 922.42|461.71 A | 691.18 34614 6742533763 £73.27 33714 5

10/1103.49 552.25|1085.48|543.24 Y | 620.24 310,63 603.22|302.11| 602.23 301.62 4

11/1284.50 642.76 |1266.45 63375 T | 457.18 229.09 440.15|220.58| 439.17 220.09 3

12 138555 6593.28|1367.54 |684.27 T | 27617 13859 25914 130.07) 25816 12258 12

13 R | 175.12] 88.06 158.0%| 79.55 1
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Monoisotopic mass of neutral peptide Mr{calc): 1555.66
Variable modifications:

T12 : Phospho-NL (T}

Ions Score: 61 Expect: 0.0013

Matches (Bold Red): 17/114 fragment ions using 32 most intense peaks

2 B b N pOH Seq.| v e ye |yt 40 SO
1 10008 50.54 v 13
1) 113.16/107.08 L 146059 730.80 1443.57|722.29 1442.58 721.80 12
3 34220 171.60| 324.19 162,60 E |1347.51 §74.26 1330.48|665.75/1319.50 665.25|11
4 45723 228.12| 439.22/ 22011 D (121847 60274 1201.44 601.22 120046 600.73|10
5| 57116 286.63| 554.25 27763 D (110344 55222 1086.41 54371 108543 543.22| 9
G 66931 335.16| 651.30 326,15 P | 98841 494.71 971.35486.20| 97040 48571 8
7 798.35 399.68| 780.34 39067 E | 891.36|446.18| 874.33|437.67 873.35 43718 7
8 86939 435.20| 851.38 426,19 A | 761.32 3B1.66 7T45.28|373.15 744.31 37266 6
9 24043 470.72| 9224246171 A | 691.18 34614 6742533763 67327 337.14| 5
10/1103.49 552.25|1085.48|543.24 Y | 62024 310,63 603.22|302.11 602.23 301.62 4
11/1204.54 602.77|1186.53|59377 T | 457.18 229.09 440.15|220.58 439.17 220,09 3
12 138555 693.28|1367.54 68427 T | 35613 17857 339.11/170.06 338.12/169.56| 2
13 R | 175.12] 88.06 158.0%| 79.55 1




2 Peptide Summary Report {../data/20040514/Famerisa.dat) - Microsoft Internet Explorer

Fle Edit View Favorites Tooks Help i
. A ) ) b . - D @,
@Ba(k > ) ﬂ IEL‘ W) ) search 7 Favortes @ reda 2 Y= @ Powermarks Bl 4 94
Acliress | ] hips wman. matrixscience comicgifmaster_results. plrfle=, jdata/20040514jF amerisa.dat M= K
TSI A0ICE HHEShold o 007 TR, TG Er OF i (27 =
Standard scoting & MudPIT scoring O Iens score cut-off |0 Show sub-sets []

Show pep-ups @ Suppress pop-ups O Sort unassigned | Decreasing Score v | Require bold red [

Se\e:tAII] [ Select Nane ] [ Search Selected I [ Firor tolerant
1. i 16076640 Mass: 71879 Score: 101 Queries matched: 1

Fimilar to protein kinase [Bacillus subtilis]

[Jcheck to include this hit in error tolerant search

Query Observed Mr{expt) Mr{calc} Delta Miss Score Expect Rank Peptide

1 2825.20 2824.19 2824.19  0.01 0 109 1.6e-07 1 SSTTITHTHSVLGSVHYLSPEQAR + 3 Phospho (ST}
| Top sooring pepride watches to gquery 1
2. 9112 seore greater than 31 indicates homology 1
rrobl spore greater than 54 indicates identicy
[] Chec| Status bar skows a1l hits Ffor this peptide
Query fE?E D?;: Hl: pr?::;:sem ;;g’tl‘;?;T‘NSVLGSVHYLSFEQAR [ Peptide
. . ai
IR PELTPSEARGLATGFTTLVLEAANLTY + Phospho (5T
41030 0.0l 1 gi|16078640 SSTTITHTNSVLGSVHYLSPEQAR + Fhospha (ST)
S6.7  0.01 1 gi| 16078640 SETTTTHTNSVLGSVHTLAPEQRR
9z.2  0D.01 1 gi| 16078640 SSTTITHTNSVLGSVHYLSPEQAR
prot| 50.7  0.01 1 gi| 16078640 SSTTITHINSVLGSVHYLSPEQRR
gil1] 50.4  0.01 1 gi|16078640 SSTTITETNSVLGSVHYLSPEQRR D1
wimi| 29.8  0.01 1 gi|16078640 3STTITHINSVLGSVHYLSPEQLR
11.3  0.70 2 gil2280500 FELFPSEARGEATGFTTLVLELANLIV
) 11.3  0.70 2 gi|2280500 PELFPSKARGRATGFTILVLSAANLIV | _
3 94 4ps  —0.18 3 gi| 16077729 EEIRDILATLRLVENFDDDISFT | # arrangements of3/9=84
simi
[ chec! T T TIT T T TOT T =TT
Query Observed Mr{expt) Mri{calc) Delta Hiss Score Fxpect Rank Peptide -
&) Ll 16075840 & Intsmet

How about this? Three phosphates and 9 possible sites.

This is a nice illustration of why searches with lots of modifications take
a long time. For this peptide, there are 84 possible arrangements of the
phosphates. And, of course, many of the other peptides that have to be
tested will be even worse. Even though they don’t show up in the top 10,
Mascot still had to work its way through all the different arrangements.

Looking at the scores, I would feel very confident that the
phosphorylation is all down towards the N terminus. You can see how
the score drops when we try to push phosphate up to S10 or beyond.
However, it would be a brave (or foolish) person who claimed they could
pin it down more precisely.



NiceProt View of Swiss-Prot: 034507 - Microsoft Internet Explorer

Fle Edit Wiew Favortes Tooks Help T
G Back - Q - d Ig A /.-“ Search :\:' Favorites (@ Meds 2 - & - @ T powermarks Bh 4 %%

Address | &) http:jfca.expasy.orgicgi-binfniceprot. plr034507 v B
PEESAGE [EC] A
DIP 034507
ModBase 034507
SME 034507, 9653ABSCFBAATI00.

SWISS-2DPAGE Get region on 2D PAGE.
UmiBef View cluster of protemns with at least 30% ( 30% 1dentity.
Keywords
Hypothetical protein; Transferase; Serine/threonime-protein kinase; ATP-binding; Repeat; Complete proteome
Features
F 2| Feature table viewer : :_-. Feature er
Key From To Length Description
DONLIN 11 271 261 Protein kinase.
DONLIN 356 424 69  PASTA 1.
DONAIN 425 492 65  PASTA 2.
DONAIN 493 5858 67  PASTA 3.
NP_BIND 17 25 9 ATP (By similarity).
BINDING 40 40 ATP (By similarity).
ACT SITE 134 134 By similarity.

Sequence information

Length: 648 AA Molecular weight: 71866 Da CRC64: 9653ABSCFBAATI00 [This is a checksum on the sequence]
10 20 30 40 50 &0

| | | | | |
MLIGKRISGR F¥QILRVIGGG GMAMVYLAED IILDREVALIK ILRFDYANDN EFIRRFRREL

7o &80 [0 100 110 120

| | | | |
QSASSLDHPMN IVSIYDLGEE DDIYYIVMEY VEGMTLEEYI TANGPLHPEE ALNIMEQIVS

130 140 150 160 170 150

1 I 1 I 1 I o

&) @ Internet

If we follow through the Blast search route and hop over to Expasy, this
1llustrates another reality of phosphopeptide analysis. The Swissprot
entry has no information on phosphorylation for this particular protein.



licrosoft Internet Explorer

Fle Edt Wiew Favorites Toos Help

@Back - Q B @ ;;j pSearch \“:r(Favnntas @ reds £8 (-

Powermarks b A S

Adress | €] httpejuma. cbs.dtu.difservicesiietPhos v B e
~
CBS PUBLICATIONS BIOINFORMATICS =
gEBr‘qs E%EDI PREDICTION DATA EDUCATION
A SERVERS sETS PROGRAM
E :‘ E%g EH CONTACT INTERNAL cBs OTHER
LYSIS CBS BIOINFORMATICS BIOINFORMATICS

TOOLS LINKS

£BS >> GBS Pre diction Servers »> Ne®hos

NetPhos 2.0 Server

The MeiPhos 2.0 server produces neural network predictions for serine, threonine and tyrosine phosphorylation sites in eukaryotic proteing

SISATYNY 30N3NT3S TWII90 1018 04 ¥3LNID

Oulput format Phos phoBase Absiract
SUBMISSION

Pasta 3 dngle sequenca or saveral saquencasin FASTA format into the Reld below:
[ 1 MLIGKRISGR YQILRVIGGG GMANVYLAED ITLDREVAIK ILRFDTANDN
51 EFIRRFRREAL OSASSLDHPN IVSIVDLGEE DDIVYIVMEY VEGHTLKEYI
101 TANGPLHPEE ALNINEQIVS AIRHAHCNOI WHRDIKPINI LIDHMGNIEWV

2 ]

Submita file in FASTA format gireclly from your local gishe
[ |[(Browse.. |

NLQ ¥EVIWNIQ 40 ALISHIAINN TYDINHIAL

Predicton: [¥]tymsine [¥]serine [¥]threonine

Clear fields

Generate graphics

Restrictions:
At most &0 sequencas and 200,000 amino adds per submisson; each sequeance not more than 4,000 amino acids

G B
&) @ Internet

£

We can try entering the protein sequence into NetPhos, a popular tool for
predicting phosphorylation sites



NetPhos 2.0 Server - prediction resulis - Microsoft Internet Explorer

Fle Edit Wiew Favortes Tooks Help T
- A ) o i) - - i i b
Q Back > \ﬂ Ig §) ) search 2 Favaries @ reds £ & @ Romermarks Bl A %
Address | @] hitpej . cbs.dbu. dkjogi-bindnph-webf ace jobid=netphos, 4088408506 18980980pt=none v Go
~
NetPhos 2.0 Server - prediction results
Technical University of Denmark
cBs
648 Sequence
ML IGKRISGRYQILEVIGGGGHANYYLAED ITLDREVAIKILRFDYANDNEF IRRF RREAQS ASSLDEPNIVS TYDLGEE a0
DD IV IVHEVVEGNTLEEY I TANGPLEPKEALN TMEQTVS AT AHARQNQIVHRD TKPHN IL IDHNGN TRVTDFGI ATALS 150
STTITHTHSVLGSVHYLSPEQARGGLATKESD I¥ALGIVLFELLTGRIPFDGES AVS TALKELOAETPS AKRWNPSVPQS 240
VENIILEATAKDFFHRYETAEDMEAD TKTAFDADRLNEKRFTIQEDEENTKATP I TKDEEL AKARGEEE AEVTTAQENKT 3z0
KENGERKEWPUVLLTICLVF ITAGILAVTVFPSLFNPKDVKIPDVSGHEYEKAAGLLEREGLOVDSEVLE ISDEKIEEGL 400
IVKTDFEADTTVKEGATVTLYKSTGKAKTE IGDVTGOTVD QAKKALKD QGFNHV TVNEVND EKNAGTV IDQNFS AGTELY 480
PSEDQVELTVS IGPEDITLRDLKTYSKEAASGYLEDNGLKLVEKE AYSDDVPEGQVVKQKF LAGTAVEPGNEVEVTFSLG 560
PEKKP AKTVKEKVKIPYEPENEGDELQVQIAVDDADHS IS DTYEEFKIKEP TERTIELKIEPGORGY YOVIVNNEVVS VK 640
TIEYPKDE 720
T . . 30
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Phosphorylation sites predicted: ger: 16 Thr: 13 Tyr: 7
Serine predictions
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s b
&) Done @ 1nternet

Unfortunately, we get a prediction that doesn’t fit at all well with the MS
data The MS evidence puts the 3 phosphates close to the N terminus. It
is possible that one could be at S169, but more likely not. And definitely
not at S178. So, we’re none the wiser in this particular case.



Conclusions

« If alternative sites differ by 20 in score, safe-
ish to disregard lower one(s)

« If alternative sites have similar scores, you
may be able to choose one by inspection

» Often, you just can’t differentiate between
adjacent sites, even with great data.

ASMS 2004 Frs ot

I had hoped to present some clean statistics on how often Mascot called
phosphorylation sites correctly. However, I quickly found that, in most
cases, it was not possible to find independent evidence on which to base
such judgements. It would be a very interesting study ... but far more
work than we are able to undertake.

So, my subjective conclusions are as follows.
If alternative sites differ by 20 in score, safe-ish to disregard lower one(s)

If alternative sites have similar scores, you may be able to choose one by
inspection. But, be careful ... one peak is just one peak

Often, you just can’t differentiate between adjacent sites, even with great
data.

Thank you for your attention
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