Using Mascot to characterize

Protein modifications

ASMS 2003 ki




Post-translational
Modifications (PTMSs)

Help understand complex biological systems
Phosphorylation is one of the most important
protein PTMs

Mascot allows up to 9 variable modifications to
be specified at a time

Use variable modifications sparingly, follow it by
error tolerant search
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MATRIX
{5 Mascot Search Results
User : Tanuja Chaudhary |
Email : tanuja@matrixscience.com
Search title
Datahase : MSDEB 20030428 (1165316 sequences; 370264913 residues)
Taxonomy : Other mammalia (26750 sequences}
Timestamp : 4 Jun 2003 at 15:47:37 GMT
Top Score : 83 for 459063, beta-casein variant CnH - bhovine

Probability Based Mowse Score

Score 15 -10%Log(P), where P is the probabdity that the observed match 1z a random event.
Protein scores greater than 57 are significant (p=0.05).
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Protein Summary Report

Switch to Concise Protemn Summary Eeport

Te create & bookanark for this report, right click this ke Protein Summary Report (. /data20020604/F TnmfaHw. dat)
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This slide shows that two proteins have scores above the threshold. One of them is
beta-Casein variant CnH.
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Switch to Concize Protein Summary Report

Agdress [&] http:fwww. matrixscience. comfcglimaster_results.plzFle=. .fdats/20030604/FTmf sy, dat

To create a bookmark for this report, right click this linke: Protem Summary Beport (./data’20030604/F TnmfaBw. dat)

Fe-Search All Search Unmatched |

Index |
Accession Mass Score Description

1. A59068 23515 83 beta-casein variant CnH - bovine

2. EBBOA2 25091 13 beta-casein precursor - khovine

3. AAA30431 25131 13 BOVCASEE NID: - Eos taurus

4. Q96M99 344583 52 Huntingtin.- Sus scrofa (Pig).

5. (9BDB5 16443 50 Beta casein B (Fragmwent) .- Bos taurus (Bovine).

6. 09TSD5 13915 45  Beta-casein A2 variant (Fragments).- Bos taurus (Bovine) .

7. CAAOG6408 250590 45 BBALJS165 NI - Bubalus bubalis

8. AAB29137 25082 44 567277 NID: - Bos taurus

9. CAA34450 7647 4z OCAMYAZR NID: - Oryetolagus cuniculus

10. Q8WMK3 116803 42 Vinculin.- Sus scrofa (Pig).

11. P79704 6751 4z Sex determining region ¥ (Fragment).- Choloepus didactylus (southern two-toed slot

12. A34154 45245 4z calreticulin precursor, skeletal muscle — rabbit

13. AAA30430 25072 41 BOVCASE MID: - FBos taurus

14. QBWHA3 39619 37 Recombination activating protein 1 (Fragment) .- Equus ceballus (Horse) .

15. M¥OL 16967 36 myoglobin - southern American pika

16. QBWH44 40526 36 Recombination activating protein 1 (Fragment) .— Talpa europaes (European mole) .

17. Q9BEWS 29028 36 Recombination activating protein 1 (Fragment) .— Ceratotherium simum (White rhinoce

18. MYMH 16973 36 myoglobin - western European hedgehog

19. QBWHS3 41149 36 Recombination activating protein 1 (Fragment) .- Nycteris grandis.

20. B34078 24999 35 prolactin-related protein IIT - bovine

Results List

1. ASS06E Mass: 23515 Score: 53
beta-casein variant CnH - hovine

Observed Mr{expt) Mr{calc) Delta  Start End Miss Peptide
530.41 825.40 825.44 -0.04 177 - 183 0 AVPYPQR =
4| | _'l—l
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CIENCE.

The other protein is beta-casein precursor.
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1. ASS06E Mass: 23515 Score: 53
beta-casein variant CnH - hovine

lascot Search Result: icrosoft Internet Explorer

Agdress [&] http:fwww. matrixscience. comfcgjmaster_results.pFle=. .fdats/20030604/FTnmfaHw.dat =] PGa

Observed Mr{expt) Mr{calc) Delta  Start End Miss Peptide
530.41 825.40 825.44 -0.04 177 - 183 0 AVPYFQR
573.43 872.43 872.485 -0.05 58 - 105 1 VKERMAPK
911.4z2 210,42 210,47 -0.05 100 - 107 1 EAMAPREK
1013 .48 1012.47 101z2.52 -0.04 108 - 113 1 HKENPFPK
1591.87 1590.56 1590.92 -0.086 170 - 183 1 VLFVFQEAVEVFQR
2061.73 z060.72 2060.82 -0.10 33 - 48 0  FOSEEQQQTEDELODE Phospho (5T)
2186.09 2185.09 2185.16 -0.08 184 - zoz 0  DMPIQAFLLYQEPVLGPVR
2432.02 z431.02 2431.04 -0.0% 30 - 45 1 IEKFOSEEQQQTEDELODE Phospho (ST}
2909.56 2908.56 2908.59 -0.04 184 -  z09 1 DMPIQAFLLYQEPVLGPYRGPFPIIV

Ho match te: 502.45, 515.40, 518.42, S568.35, 894.47, D38.44, 939.39, 941.45, 967.41, 1047.54, 1085.49, 1137.52, 1157.58, 125

2. KEBORZ Mass: 25091 Score: 66
beta-casein precursor - hovine

Observed Mr{expt) Mr{calc) Delta Start End Miss Peptide
530.41 825.40 825.44 -0.04 15z - 198 0 AVPYFQR
573.43 872.43 872.485 -0.05 113 - 120 1 VKERMAPK
911.4z2 210,42 210,47 -0.05 115 - 12z 1 EAMAPREK
1013 .48 1012.47 101z.52 -0.04 121 - 128 1 HKENPFPK
1591.87 1590.86 1590.92 -0.06 185 - 198 1 VLPVPOQRAVPYPQR
2061.73 2060.72 2060.82 -0.10 48 — 63 0  FOSEEQQQTEDELQDE Phospho (3T}
2186.09 2185.09 2185.16 -0.08 198 - 217 0  DMPIQAFLLYQEPVLGPVR
2432.02 z431.02 2431.04 -0.0% 45 — 63 1 IEKFOSEEQQQTEDELODE Phospho (ST}
2909.56 2908.56 2908.59 -0.04 198 - 224 1 DMPIQAFLLYQEPVLGPYRGPFPIIV

Wo match to: 802.45, 515.40, 518.42, 565.35, 894.47, 935.44, 935.39, 941.45, 967.41, 1047.54, 1085.48, 1137.52, 1157.58, 125

3. ALAA30431 Mass: 25131 Score: 66
BOVCASEE NID: - Bos taurus

Observed Mr{expt) Mr{calc) Delta Start End Miss Peptide
530.41 825.40 825.44 -0.04 15z - 198 0 AVPYFQR
873 .43 87z.43 872.48 -0.08 113 - 120 1 VKEAMAPK
911.42 S10. 42 910,47 -0.08 115 - 122 1 EAMAPKEK
1013 .48 1012.27 101z.52 -0.04 121 - 128 1 HKENPFPK
1591.87 1590.86 1590.92 -0.06 185 - 198 1 VLPVPOQRAVPYPQR
2061.73 2060.72 2060.82 -0.10 48 — 63 0  FOSEEQQQTEDELQDE Phospho (3T}
2186.09 2185.09 2185.16 -0.08 198 - 217 0  DHPIQAFLLYQEPVLGPVR
| 2432.02 z431.02 2431.04 —D.Dal 45 — 63 1 IEKFQSEEQQQTEDELQDE Phospho (ST} _|;|
4 L3
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When we look at the detail, we see that Serine or Threonine is phosphorylated.
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Protein View

Match to: A59068; Score: 83
beta-casein variant CnH - bovine

Nominal mass (M) : 23515: Calculated pI value: 5.01
NCBI BLAST search of AS9065 against nr
Unformatted Sequence string for pasting into other spplications

Taxonowy: BOS taurus

Varisble modifications: Phospho (3T)
Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 45

Number of mass values matched: 9

Sequence Coverage: 35%

Matched peptides shown in Bold Red
1 RELEELNVFG EIVESLSSSE ESITCINKKI EKFQSEEQQ(Q TEDEL(QDKIH

51 PFLQTQSLVY PFPGPIPNSL PQNIPPLTQT PUVVFPFIQP EVMGVSEVEE
101 AMAPKHEFMP FPKYPVEFFT ESQSLTLTDY EMLHLPPLLL QSTWMHOPHOP

151 LPPTVMFPPQ SVLSLSQSKV LPVPQEKAVPY PQRDMPIQAF LLYQEPVLGP
201 VRGPFPIIV

Show predicted peptides also

Sort Peptides By @ Residue Mumber ¢ Increasmg Mass © Decreasing Mass

Start - End  Observed Mr(expt) Mr(calc) Delta Miss Sequence

ASMS 2003 g kit

30 - 48 2432.02 2431.02 2431.04 -0.03 1 IEKFQSEEQQQTEDELODK Phospho (ST)

33 - 48 2061.73 2060.72 2060.82 -0.10 0 FOSEEQOQTEDELODE Phospho (ST)
| 98 — 105 873.43  872.43 872.48 —nl.ns 1 VKEAMAPK _ILI
4 L3
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With Peptide Mass Fingerprint, it is not possible to map the modification sites. One
needs tandem mass spectrometry to do that.
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Timestamp : 5 Jun 2003 at 18:06:09 GMT
Significant hits: ISBYSS protein disulfide-isomerase (EC 5.3.4.1} precursor - yeast {(Saccharomyces cerevisiae)
CAA53935 SCTRAAA HID: - Saccharomyces cerevisiae
BYBYS1 glycophospholipid-anchored surface glycoprotein GAS1 precursor — yeast (Saccharomyces i
S53037 PLB1l protein - yeast {Saccharamyces cerevisiae)
A54134 aminopeptidase ¥ (EC 3.4.11.-) precursor, vacuolar - yeast (Saccharomyces cerevisiae) —

Probability Based Mowse Score

Score is -10*Log(P), where P is the probability that the observed match is a random event.
Individual ions scores > 34 mndicate 1dentity or extensive homelegy (p<0.05)

35 .
3 S
£ 30
o
S 25
&
£z
S
=15

10

100
Probability Based Mouse Score
Peptide Summary Report

Switch to Protein Summary Report

Te create a bookmark for this report, right click this link: Peptide Summary Report

Select All Select Mone | Search Selected ™ Error tolerant
1. ISBYS3 Mas=s: 58533 Total score: 123 Peptides matched: 2
| protein disulfide-isomerase (EC 5.3.4.1) precursor - veast (Saccharomyoces cerevisiae) | _'_I
4

[ || |4 mternet
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This slide shows at least 5 proteins with scores above the threshold.
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Select All | Select Mone | Search Selected I I~ Error tolerant 2l
1. ISBYSS Mass: 58533 Total score: 123 Peptides matched: 2
protein disulfide-isomerase [EC 5.3.4.1) precursor - yeast [Saccharomyces cerevisiae)

[T Check to include this hit in error tolerant search

Query Observed Mr{expt) Mr{cale) Delta Miss Score Rank Peptide
~ 37 824.02 2469.04 2469.22 -0.17 ] 45 1 LAPTY(QELADTYAHATSDVLIAK + 2 Deamidation (HQ) | |
¥ 55 1368.23 4101.68 4102.91 -1.22 1 87 1 AAETLVEKNITLAQIDCTEHQDLCMEHHIPGFPSLK + 4 Deamidation (1

Proteins matching the same set of peptides:

ALA34B45 Mass: 58753 Total score: 123 Peptides matched: 2
YSCPDIAR NID: - Zaccharomyces cerevisias

CAA3E402Z Mass: 50388 Total score: 123 Peptides matched: 2
SCPDI1 NID: - Saccharomyces cerevisiae

2. CAMS3S35 Mass: 48620 Total score: 59 Peptides matched: Z
SCTRAAL NID: - Saccharomyces cerevisiaes

[T Check to include this hit in error tolerant search

Query Observed Mr{expt) Mr{calc) Delta Miss Score Rank Peptide
34 1168.50 2334.99 2336.21 -1.23 0 101 1 VQTVGGAIEVTGNFSTLDLSSLK + Deamidation (HQ)
¥ 35 1170.04 2338.06 2336.21 1.85 0 (60) 1 VQTVGGAIEVTGNFSTLDLSSLE + Deamidation (HQ)

Proteins matching the same set of peptides:

§70297 Mass: 48549  Total score: 99 Peptides matched: 2z
$PS2 protein homolog YBRO7Sw - yeast (Saccharomyces cerevisise)
CAABS5DZ3 Mass: 24853 Total score: 99 Peptides matched: z
SCTBRO79C NID: - Saccharomyces cerevisiae
3. RUBYS1 Mass: 60343 Total score: 93 Peptides matched: 3
glycophospholipid-anchored surface glycoprotein GAS1 precursor - yeast (Saccharomyces cerevisiae)
rCheck to include this hit in error tolerant search | _'Ll
4

& [T [@memet |
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Four peptides identified in this slide have scores higher than 34, the significance
threshold. Deamidation seems to be a common modification for all of them.
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3. RUBYS1 Mass: 60343 Total score: 53 Peptides matched: 3

glycophospholipid-anchored surface glycoprotein GAS1 precursor - yeast (Saccharomyces cerevisias)

[T Check to include this hit in error tolerant search

Query Observed Mr{expt) Mr{cale) Delta Miss Score Rank Peptide
¥ 18 822.33 1642.65 1642.74 -0.09 0 35 1 FFYSHHGSQFYIR + Deamidation (HQ)
I a5 935.36 2803.07 2804.35 -1.28 1 52 1 TAEFKNLSIPVFFSEYGCHEVTPR
~ a7 1027.38 3079.13 3077.32 1.81 ] 15 1 GVAYQADTANETSGSTVHDPLAHYESCSR + Deamidation (HQ}

Proteins matching the same set of peptides:

CLA37E12 Mass: 60313 Total score: 33 Peptides matched: 3
SCGAS1 NID: - Saccharomyces cerevisiae
4. 553037 Mass: 72136 Total score: 49 Peptides matched: Z

PLE1 protein - yeast (Saccharomyces cerevisiae)
[T Check to include this hit in error tolerant search

Query Observed Mr{expt) Mr{calc) Delta Miss Score Rank Peptide
V14 761.32 1520.63 1520.73 -0.10 ] 45 1 DAGFHISLADVHER + Deamidation (HQ)
Va1 842.33 2523.96 2522.15 1.81 ] 13 1 ATSHFSDTSLLSTLFBSNSSHMPK + Deamidation (NQ): Oxidation

Proteins matching the same set of peptides:

ALRELE11 Mass: 72135  Total score: 49 Peptides matched: 2
YSCPLB1k NID: - Saccharomyces cerevisiae

5. A54134 Mass: 60328 Total score: 36 Peptides matched: 1
aminopeptidase Y (EC 3.4.11.-) precursor, vacuolar - yeast [Saccharomyces cerevisias)

[T Check to include this hit in error tolerant search

Query Observed Mr{expt) Mr{calc) Delta Miss Score Rank Peptide
El 698.31 1394.60 1394.69 -0.09 0 38 1 IISFHLSDAETGK + Deamidation (NQ) _|LI
| v
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{ MATRIX
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ASMS 2003

Here we see four other peptides that have scores higher than the significance
threshold.
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{5 Mascot Search Results

Peptide View

MEMMS Fragmentation of VOTVGGATEVTGNFSTLDLSSLE
Feund in CAAS3935, SCTRAAA NID: - Saccharomyces cerevisiae

Match to Query 34 (1168.50,2+)

Chck meuse within plot area to zeom i by factor of two about that point

Or, Platfrom | |0 to 2000 Da
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Monoisotopic mass of neutral peptide (Mr): 2336.21
Fixed modifications: Carbamidomethyl (G} =l
73] [T [ [@ meemet
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SCIENCE.

Let’s focus on Query 34, where the ion score was 101. We see a rich MS/MS
spectrum.

10
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[ variable modifications: ;I
H13 : Desmidation (NQj
Ions Score: 101 Matches (Bold Red): 39/260 fragment ions using 79 most intense peaks
#| a a™ a* | gt b s b* | b* |Seq ¥ vty e R
1| 72.08| 3654 100.08| 5054 v 23
2| 200.14| 100,57 18311 92.06| 228.13| 114.57 211.11| 108.06| @ |2238.15/111%.58|2221.12/1111.07 22
3| 301.19| 151.10) 284,16 142.58| 329.18| 165100 312.16| 156.58| T |2110.09|1055.55|2083.07 1047.04 21
4| 400.26| 20063 38323 192.12| 428.25| 214.63| 411.22| 206.12| ¥ |200%.04|1005.03|1992.02] 39651 20
5| 457.28| 22914 44025 220.63| 485.27| 24314 468.25| 234.63| G (190998 955.49|1852.95) 5469819
6| 514.30| 25765 49727 249.14| 542.29| 271.65| 52527| 263.14| G |1852.95| 926.98|1835.93] 3184718
T| 585.34| 283.17) 568.31| 284.66| 613.33| 307.17 59630| 293.66| A |179593| 898.47|1778.91| 83%.96(17
8| 698.42| 34971 681.3% 341.20| 726.41| 36371 70939| 35520 I (172490 362.95|1707.87 83444 16
9| B27.46| 414.24 ) 81044 40572| 855.46| 428.23| 83843| 41572 E |1611.81| 806.41|15%4.7%| 797.90 /15
10| 926.53| 46377 50950 455.26| 954.53| 47777 93750 46%.25| ¥V (1482.77| 741.89|1465.74) 735338|14
11/1027.58| 514.25 101055 505.78|1055.57| 528.29 103855 519.78| T |1383.70| 652.35|1366.67 ©£83.84|13
12{1084.60| 54280 1067.57 534.29(1112.60| 556.80|1095.57| 548.29| G |1282.65| 641.83|1265.63| 6333212
13|1185.63| 60032118260 591.80|1227.62| 614.31 /121060 &05.80| IV |1225.63| 613.32|1208.61 804.81|11
14|1346.70| 673.851329.67 | 665.34|1374.69| 687.85/1357.66| 679.34| F |1110.60| 555.81|1083.58 547.29|10
15(1433.73| 717.37 /141670 T08.85(1461.72| 731.37|1444.70| 722.85| 8§ | 963.54| 482.27| 946,51 473276 9
16|1534.78| 767.85 151775 75%.38|1562.77| 781.89 154574 773.38| T | 876.50| 438.76| 859.48 430.24| 8
17(1647.86| 82443163083 815.92|1675.85| B38.43|1658.83| 829.92| L TI5.46| 388.23| 758.43| 37972 7 -
18(1762.89| B81.95/174586 873.43(1790.88| 895.94|17732.85| 887.43| D | 662.37| 331.69| 64535 32218 &
19|1875.97| 93845 185894 925.98|1903.97| 552.49 1886.94| 943.57| L | 547.35| 274.18| 53032 265.66| 5
20(1963.00| 982.01/1945.98| 973.49|1991.00| 986.00/1972.97| 98749 § | 434.26| 217.63| 417.23| 20812 4
21|2050.03|1025.52|2033.011017.01|2078.03|1039.52 | 2061.00|1031.01| § | 347.22| 174.12| 330.20) 16561| 3
22|2163.12|1082.06 | 2146.091073.55|2191.11{1056.06 | 2174.08|1087.55| L | 260.20| 130.60| 243.17 122.0%| 2 =
& CT (emteme
ASMS 2003 {Senes
NCE.

Most of the Y ions have been identified.
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11|1027.58| 514.28|1010.55| 505.78|1055.57| 528.28|1038.55| 515.78
12|1084.60| 242.80{1067.57| 534.29|1112.60| 556.80{1095.57| 548.29
13|119%.63| 600.32{1182.60| 591.80|1227.62| 614.31|1210.60| £05.80
14|1346.70| 673.85|1320.67| 665.34|1374.68| 687.85|1357.66| £75.34

1383.70| 682.35|1366.67| £33.84 |13
1282.65| 641.83|1265.63| 6333212
1225.63| 613.32|1208.61| 604.81|11
1110.60| 555.81|1083.58| 547.29/10

T
G
N
F
15(1433.73| 717.37 /141670 T08.85(1461.72| 731.37|1444.70| 722.85| 8§ | 963.54| 482.27| 946,51 473276 9
16|1534.78| 767.85 151775 75%.38|1562.77| 781.89 154574 77338| T | 876.50| 438.76| 85948 430.24| 8
17|1647.86| 824.43 1630.83| B815.92|1675.85| 838.43|1658.83| 828.52| L | 775.46| 388.23| 758.43) 37987z 7
18(1762.89| B81.95/174586 873.43(1790.88| 895.94|17732.85| 887.43| D | 662.37| 331.69| 64535 32218 &
19|1875.97| 93845 185894 925.98|1903.97| 552.49 1886.94| 943.57| L | 547.35| 274.18| 53032 265.66| 5
20|1963.00| 982.01 /194598 973.49|1991.00| 956.00|1973.97| 987.4%9| § | 434.26| 217.63| 417.23) 209.1z2| 4
21(2050.03(1025.52|2032.01|1017.01|2078.03|1039.52|2061.00|1031.01| § | 347.23| 174.12| 330.20| 16561 3
22|2163.12|1082.06 | 2146.091073.55|2191.11{1056.06 | 2174.08|1087.55| L | 260.20| 130.60| 243.17 122.0%| 2
23 K | 14711 74.06| 13008 6555 1
T R
‘g‘ o e e mr e R e e e m g m g m mmmm e
0 oo
o T Tmee 7 Tasee || ameo | | zo0o
RIS error 413 ppm Mass (Da)

MNCEIBLAST search of VOTYVGGATEVTGNESTLDLESLE
(Parameters: blastp, nr protein database, expect=20000, no filter, PAN30)
Other BLAST web pateways

| Mascot: http/fwww. matrivscience. com/ |

& [T e

141

ASMS 2003 g kit

From the error graph, one can see that the calibration is quite good. | would believe
that this peptide is deamidated.
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100
Probability Based Mouse Score
Peptide Summary Report
Switch to Protein Summary Report
To create a bookmark for this report, nght click: this linde: Peptide Summary Eeport {./data/20030608/F 001230, dat)
Select All SelectNone | Search Selected I [ Error tolerant Archive Report
1. KEBORZ Mass: 25091 Total score: 145 Peptides matched: 4
heta-casein precursor - hovine
[T Check to include this hit in error tolerant search or archive report
Query Ohserved Hri{expt) HMricalc) Delta Miss Score Rank Peptide
2 El 742,43 741.42 741.44 -0.02 0 26 1 GPFPIIV
~ 14 415.71 829.40 829,44 -0.04 0 20 1 AVPYFPQR
| -1 1031.36 2060, 70 2060, 82 -0.12 0 (98) 1 FOSEEQQQTEDELQDK + Phospho (ST}
|- 1031.42 2060.82 2060.82 -0.01 0 102 1 FQSEEQQQTEDELQDK + Phospho (ST}
Proted Top scoring peptide matches to gquery 27
ALBZ2Y score greater than 37 indicates homology 4
Score greater than 54 indicates identity
ARRIDY Status bar shows all hits for this peptide 4
ARLS09 gpore  Delta Hit Protein Peptide 4
i01.5 -0.01 1+ KBBOLZ FQSEEQOQTEDELQDK
ASS089 45,1 -pD.D1 1+ KBBOAZ FQSEEQOQTEDELQDE 4
15.4 -1.14 EMPFEAESCVEEVFIDEK
1.9 -1.98 SECSDDLEEEDEEKAEE j
|&] 1:KBEOAZ 21101384 [ |8 Locdlintranet

This example shows a phosphorylated peptide. There are two possible
phosphorylation sites, but the score for phospho-serine (102) is much, much greater
than that for phospho-threonine. | such cases, there is no doubt about the location of
the modification
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The spectrum shows a strong run of y ions that have lost phosphate as a neutral

loss
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Background

Eukaryotic chromosomes: DNA is associated with
histone proteins to form nucleosomes, building
blocks of chromatin

PTMs to histones regulate the access to DNA in
chromatin

These mods can change the net charge and
structure of histones

Histone H3 is modified on the N-terminus (rich in
Arg and Lys)

Protease cleavage results in hydrophilic peptides
(poorly retained on a RP-HPLC column)

{ MATRIX

ASMS 2003 SCIENCE.

In eukaryotic chromosomes, large amounts of DNA are compacted by association
with histone proteins to form nucleosomes, the building blocks of chromatin. Access
to DNA in chromatin is regulated by post-translational modifications (PTMs)
(methylation, phosphorylation, etc.) to histones. Such modifications can change the
histone’s net charge and structure thus playing a pivotal role in the control of
chromatin structure and function. The majority of histone H3 modifications occur
on the 1-50 residue N-terminal tail, which is rich in Arginine and Lysine residues.
This tail produces peptides upon protease cleavage that are very hydrophilic and
poorly retained on a RP-HPLC column.
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Background continued...

» CAD mass spectra of highly multiply charged
peptides-interpretation is difficult.
Peptides + Propionic anhydride converts N-termini
and Lysines to propyl amides. This results in a
decrease in net charge of the peptides and increased
hydrophobicity.
Now the peptides can be retained on RP-HPLC
columns and their CAD spectra are simpler.

ASMS 2003 ki

The collisionally-activated dissociation (CAD) mass spectra of highly multiply
charged peptides are very difficult to interpret. Their research efforts are placed on
developing methods to better analyze histones by HPLC and mass spectrometry.
Treatment of peptides with propionic anhydride converts free amine groups on
unmodified Lysines or Lysine residues containing 1 methyl group modification and
N-termini to propyl amides. The consequence of the above strategy is a decrease in
the net charge of the peptides, as well as increased hydrophobicity thus facilitating
their analysis by increasing retention times on an HPLC column and simplifying
their CAD mass spectra.
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Methods

Histone protein + Glu-C...isolate 1-50 residue N-
terminus by off-line HPLC.

Second digestion with Chymotrypsin of the 1-50
fragment generates appropriate length peptides for
MS/MS.

Derivatization with propionic anhydride.

On-line RP-HPLC with direct elution into an
electrospray ionization quadrupole ion trap mass
spectrometer.

MS/MS followed by peptide and PTM identification
using Mascot.

ASMS 2003 ki

Their methods begin with an enzymatic digestion of the histone protein with Glu-C
and isolation of the 1-50 residue amino terminus by off-line HPLC. A second
digestion with Chymotrypsin is performed on the 1-50 fragment to produce peptides
of suitable lengths for tandem mass spectrometry experiments. Peptides are then
derivatized by the addition of the propionic anhydride reagent. The mixture of
peptides are separated by on-line RP-HPLC before direct elution into an
electrospray ionization quadrupole ion trap mass spectrometer. Tandem mass
spectrometry experiments are then performed to fragment the ions and determine
post-translational modification sites after searching with Mascot.
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Results

Glu-C digestion gave the 1-50 piece

Chymotrypsin digestion produced 1-5, 1-19, 1-20, 6-
19, 6-20, 20-39, 21-39, 23-39, 24-39, 21-41, 40-50, 42-
50 and other random pieces

Primary modifications...found on Lys & Ser
Mods could also be on Arg & Thr
Ser & Thr can be phosphorylated

Lys can have mono, di or tri-methyl groups or an
acetyl group

Arg can have mono or di methyl groups

Propyl amide can be on the N-terminus or on
unmodified Lys or Lys with mono-methyl group

Mascot is one of the few software programs
available for searching data with multiple
modifications!

ASMS 2003 e

The digestion of the H3 protein with Glu-C cleaved the protein to produce the 1-50
piece further isolated by off-line HPLC. A Chymotrypsin digestion of the 1-50 piece
primarily produced peptide residues of 1-5, 1-19, 1-20, 6-19, 6-20, 20-39, 21-39, 23-
39, 24-39, 21-41, 40-50, 42-50 and other random pieces. The primary modifications
found were on Lys and Ser residues. However, modifications could also be present
on Arg and Thr residues. Ser and Thr can be modified by the addition of a
phosphate group. Lys can be modified by the addition of mono, di or tri-methyl
groups or by the addition of an acetyl group. Arg residues can be modified by the
addition of one or two methyl groups. In addition, adding propionic anhydride
creates propyl amide groups on the amino terminus of peptides and peptides
containing unmodified Lys residues or Lys residues modified by one methyl group.
Lys residues containing di, tri-methyl or acetyl groups are not modified by the
propionic anhydride reagent. Thus, as can be easily seen, a vast amount of
modifications and combination of modifications can be expected when analyzing
histone peptides. Currently, Mascot is one of the few software programs available
that is able to search data possibly containing multiple modifications. Modifications
of N-terminal (Pr) and Lys modifications of propyl amide (Pr), propyl amide and
methyl (Pr-Me), di-methyl (di-Me) and tri-methyl (tri-Me), Ser (phosphorylation)
and Arg modification of (Me) were created and Mascot was used to search the
database.
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N-term- Pr
K23-Pr
K27-Pr
K36-diMe
K37-Pr

N-term- Pr
K23-Pr
morone  K27-diMe
by

K36-Pr
K37-Pr

N-term- Pr
K23-Ac
K27-Me
e K36-diMe
s K37-Pr
The complexity of analyzing histone peptide samplesis shown by comparison of
three mass spectra of 20-39 residue peptidesall having the same parent
m/z of 748.2 Da (char ge state = +3), but having different PTM sites. Modifications
wer e identified using the M ascot software program. Pr = chemical modification of propionyl

group, Ac = endogenous acetylation, Me = endogenous methylation, diM e = endogenous
dimethvlation.

ASMS 2003 ki

This slide shows three peptides with the same parent mass, but they differ in the
PTM site(s). There are 4 Lysines that can be modified, there is the amino terminus
and a Ser and an Arg residue. The possible combination of PTM sites is large. The
bottom spectrum demonstrates how four different PTMs can be identified by
Mascot. Mascot was used to identify combination of mods on histone peptides.
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Mascot correctly identified the endogenous Lys methylations on K27 and K36, as
well as our chemical modifications of propionyl on K37 and K23 (amino terminus).
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