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PURPOSE

The major strategy in protein identification is to match mass spectrometric data of
proteolytic protein fragments (PMF, Peptide Mass Fingerprint) to database entries.
However, in the case when no significant match is obtained because of low numbers of
detectable proteolytic fragments or when unknown proteins are analyzed, alternative
protein identification strategies are needed.

EXPERIMENTAL PROCEDURE

Human proteins were separated by SDS PAGE. PMF of the trypsin digest of an SDS PAGE
gel band was measured by MALDI-MS. 927.52 Da and 960.54 Da peptides of PMF were
sequenced by MALDI-Post Source Decay (PSD) (1). MALDI-PSD measurements were
performed with a Bruker MALDI-TOF Reflex Il mass spectrometer with a-HCCA as matrix.
The accuracy of peptide mass measurement was 0.2 Da, and that of peptide fragment
mass measurement was 0.5 Da.

Note:
Since modern MALDI-TOF/TOF fragmentation techniques and MALDI-PSD are very
similar in peptide fragmentation behavior, no further Sequit! optimization is
required for MALDI-TOF/TOF MS/MS data.



MALDI-PSD spectra of the 927.52 Da peptide. (MALDI-PSD spectra of the 960.54 Da

peptide is not shown.)

a i ]
] - o « > o ~—<r~c ~ o~ - - o~ o
800 - o o — — - oo - = ~ o~ - =
] > w© ~ © @ 5 omwoo ~ - A © =
Bl = = 5 S 2 2T39T = o 33 s <
N = - - NS ~ S < pd
600
500
400
300
200
100
0 ——— A LA . T 0 : ; — :
0 50 100 150 200 250 300 350 400 m /z
h=/data/dem neM ylafryp alh 927 FAST fast/odata/l dm nistrator MonMay 17 16:37: 004
a .i = ‘
Eo< o~ © < o Hi
+ < 3 s S 2
- - - T Il
1400 % % © © © ©
1200 -
1000 -
800
600
200 o
200 o
500 600 700 800 900 m /2
fh=/data/dem neM ylafryp alh 927 FAST fast/odata/l dm nistrator MonMay 17 16:38:06 2004




Sequit! input files were generated from the MALDI-PSD data:

927.sqi

Sample = 927
[M+H]+ = 927.52
Peptide mass tolerance = 0.1
Fragment mass tolerance = 0.5
Mass Intensity
70.17 0.0033
86.04 0.0040
112.08 0.0056
136.14 0.0073
175.19 0.0092
215.10 0.0039
229.07 0.0093
243.14 0.0045
245.97 0.0065
249.12 0.0126
277.12 0.0306
293.17 0.0159
342.24 0.0132
359.23 0.0177
406.12 0.0264
440.08 0.0334
471.31 0.0127
488.24 0.0155
541.42 0.0140
569.16 0.0415
634.24 0.0123
651.09 0.0160
927.11 1.0056

The [M+H]+ values 927.52 Da and 960.54 Da were obtained from peptide mass

960.sqi

Sample = 960
[M+H]+ = 960.54
Peptide mass tolerance = 0.1
Fragment mass tolerance = 0.5
Mass Intensity
112.06 0.0021
120.00 0.0035
165.05 0.0056
175.01 0.0209
185.11 0.0038
186.04 0.0061
243.37 0.0047
248.11 0.0070
257.16 0.0100
259.14 0.0065
274.15 0.0092
276.05 0.0316
293.11 0.0066
298.14 0.0072
299.22 0.0135
314.40 0.0073
342.09 0.0115
344.94 0.0084
370.28 0.0123
387.24 0.0097
390.04 0.0386
410.15 0.0111
412 .21 0.0095
415.96 0.0091
426.95 0.0115
433.04 0.0143
444 .02 0.0148
461.08 0.0909
483.35 0.0128
500.24 0.0115
512.50 0.0117
529.08 0.0199
546.02 0.0220
574.17 0.0225
668.12 0.0137
791.29 0.0170
810.55 0.0147

measurement that is more accurate than MALDI-PSD measurement.



Both input files were loaded to Sequit! and processed as batch performing successing de

novo sequencing and database search steps for each file.

0 SEQUIT! 4.0 - 927.sqi - 927.5200

/o

Files |De novo | Search | Cigest |

Add Remove | Remove all

Files

File:

[:idatal 927 sgi
[nidataloe0.sqi

About: | Exit |

I SEQUIT! 4.0 - 927.sqi - 927.5200

/o

Fies  Dernovo | Search | Digest |
Run | Fun Al | i Sequence. .. | ¥ Autasearch Peptide kol, ID.ZDDD
Fragment kal. IU-5UUU
Spectrum Peptides
Mass T |A Score | IMatch | TF Match | Coverage, % | Sequence |
70,1700
G6.0400 =
1120800 W
136.1400
175.1900
215.1000
229,0700
243.1400
245,9700 [L]
Theaoretical fragment masses
About: Exit




RESULTS

Four sequences with the same C-terminal sequence tag YELAR were computed the
highest score of 2.85 for 927.52 Da peptide. Combinations of the amino acids E and F or
L and Y were proposed for positions 1 and 2. Such results with a series of similar
sequences are typically obtained for sequence computation using spectra with incomplete
fragment series and aberrant peaks. 10 best scored proposed sequences and their L/I
variants were used for database search.

I SEQUIT! 4.0 - 927.5qi - 927.5200 (=)
Fies  Denovo | search | Digest |
Run Run &l | Options., .. | Sequence. .. | v Aukosearch Peptide tal, | 0.2000
Fragment kal, | 0.5000

Spectrum Peptides Ea

Mass = || Score 4 IMatch TF Match Coverage, % | Sequence |A.

70,1700 2,85 20 14 §3.33 EFYELAR.

G6.0400 2,85 20 14 §3.33 FEYELAR.

1120800 W 2,85 20 14 §3.33 LYYELAR

136.1400 2,85 20 14 §3.33 YLYELAR

175.1900 2.57 15 12 75.00 YLYEPSR

215.1000 2.57 158 12 75.00 YLYESPR.

229,0700 2.42 17 12 70,53 EFEYLAR.

243.1400 2.42 17 12 70,53 LYYEPSR. B |

2459700 [v| | 242 17 12 70.83 LYYESFR ™
Theoretical fragment masses

Ion 1 2 3 4 5 & 7 .A.

a-18

a-17 2321332 395.1965 5242391 6373232

a 2491597 4122230 541.2656  654.3497

b-15

b-17 260,1251  423.1914 5522340 665.3181  736,3552

b 2771546 440.2179  S569.2605  652.3446  753.3817

b+15 7713923

¥ L ¥ E L & R

ks 7644302 651.3461 45858.2823 359.2402  246.1561  175.1190

y-17 7474037 6343196 4712563 3422137 229.1296

y-18 a

immonium 1360757 56,0965 136,0757  102.0550 86,0965 44,0495 129.1135 4]

About: | Exit |

YLYEIAR was identified by a subsequent database search as peptides derived from the
serum albumin. No matches were found for other proposed sequences.

I SEQUIT! 4.0 - 927.5qi - 927.5200 (=)

Files | Denovo Search lDigest |

Search | Cptions. .. | Qrganism |any ﬂ

Queries
Query | Scaore Letters | Identities | Positives BLAST Scare | E |A.
YLYELAR, 2,85 7 77 77 27,40 230
LYEIAR. 2,85 7 77 77 27.40 2,30
YLYELAR. 2,85 7 77 77 27,40 230
YLYELAR, 2,85 7 77 77 27,40 230
YLYELAR, 2,85 7 77 77 27,40 230
YLYELAR, 2,85 7 77 77 27,40 230
YLYELAR, 2,85 7 77 77 27,40 230
YLYELAR, 2,85 7 77 77 27,40 2,30 (o]

Query details

F¥LYEILE Z.85 7 77 77 Z27.40 Z.30

i 23307793 | gh| AAN17825.1| serum albumin [Homo sapiens]
Length = 609

Socore = 27.4 bhits (57), Expect = 2.3
Identities = 7/7 (100%), Positiwves = 7/7 (100%)
Cuery: 1 YTLYEILR 7

TLYEILR
Shjct: 162 YLYEIAR 165

About: Exit




960.54 Da peptide was identified as FQNALLVR from the same protein.

—
I SEQUIT! 4.0 - 960.5qi - 960.5400 =]o
Fies  Denovo | search | Digest |
Run Run &l | Options., .. | Sequence. .. | ¥ Autosearch Peptide tal. IU-ZUUU
Fragment kal. IU-5UUU
Spectrum Peptides _
Mass T |A Score 4 | IMatch | TF Match | Coverage, % | Sequence |A
1120600 = 3.75 30 20 76,92 FEMALLYE.
120,0000 L 375 30 20 76.92 FOMNALLYR.
165,0500 337 27 20 69,23 KFMALLVE.
175.0100 337 27 20 69,23 QFMALLYR. =
185.1100 3.33 30 20 76.92 FEGGALLYR
156.0400 333 30 20 76,92 FOGEALLYR
243.5700 3.25 26 15 66,66 FEMALDPR.
245.1100 3.25 26 15 66,66 FEMALYLR. B |
257.1600 M 3.25 26 15 66,66 FOMNALDPR M
Theoretical fragment masses _
Ion |1 |2 3 4 5 & = i ~
a-18
a-17 231.1125 3451557  416.,1928 529.2769  642.3610
a 248.1393 3621822 4332193  546.3034  659.3875
b-15 =
b-17 2591077 373.1506 4441577 557.2718 670.3559 769.4243
b 276.1342 3901771 4612142 574.2953 657.3524 756.4503
b+15 g04.4614
F Q M & L L W R
y 13,4942 6854356 571.3927 500.3556 357.2715  EV4.1874  175.1190
y-17 7964677 6654091 5543662  453.3291  370.2450 257.1609
y-18
immonium  120,0805  101,0710 87,0553 44,0495 §6.0965 86,0965 72,0805 129.1135 M
About: | Exit |
—
I SEQUIT! 4.0 - 960.5qi - 960.5400 9 |[=
Files I Denovo  Search |Digest I
Search I Cptions. .. | Qrganism Iany j
Queries
Quer: | Score | Letters | Identities | Positives | BLAST Scare
FOMNALLYR. 375 g alg alg 28.60
FOMNALLYR. 375 g alg alg 28.60
FOMNALLYR. 375 g alg alg 28.60
FOMNALLYR. 375 g g/ g/ 28,60
FOMNALLYR. 375 g alg alg 28.60
FOMNALLYR. 375 g alg alg 28.60
FOMNALLYR. 375 g alg alg 28.60
FOMALLYE 375 g g/g g/g 26,60
Query details
FOMNALLWVE 3.75 g g/ g/ Z5.60 1.10
i 23307793 | gh| RAN17825.1| serum albumin [Homo sapiens]
Length = 609
Soore = 2Z8.6 bhits (60), Expect = 1.1
Identities = &/8 (100%), Positives = 8/8 (100%)
Cuery: 1 FOMALLVE &
FONALLVE
Sbhjoct: 427 FONALLVE 434
About: Exit




The assignment of YLYEIAR and FQNALLVR were verified by comparing the experimental
MALDI-PSD spectrum with the theoretical peak list calculated for this peptide. Special
considerations were taken with respect to masses that are characteristic for MALDI-PSD
peptide fragmentation.

C-terminal arginine is indicated by 175.12 Da y1 ion. The y-lon series is dominant which
is characteristic for peptides with a C-terminal arginine.

lon type 1 2 3 4 5 6 7
a-17 232.1332 395.1965 524.2391 637.3232
a 249.1597 412.2230 541.2656 654.3497
b-18
b-17 260.1281 423.1914 552.2340 665.3181 736.3552
b 277.1546 440.2179 569.2605 682.3446 753.3817
b+18 771.3923
Y L Y E L A R
y 764.4302 651.3461 488.2828 359.2402 246.1561 175.1190
y-17 747.4037 634.3196 471.2563 342.2137 229.1296
y-18
immonium 136.0757 86.0965 136.0757 102.0550 86.0965 44 .0495 129.1135
related 112.0869
related
int2 277.1547 293.1132 243.1340 185.1285
int3 406.1973 406.1973 314.1711
int4 519.2814 477.2344
int5 590.3185
lon type 1 2 3 4 5 6 7 8
a-17 231.1128 345.1557 416.1928 529.2769 642.3610
a 248.1393 362.1822 433.2193 546.3034 659.3875
b-18
b-17 259.1077 373.1506 444.1877 557.2718 670.3559 769.4243
b 276.1342 390.1771 461.2142 574.2983 687.3824 786.4508
b+18 804.4614
F Q N A L L Vv R
y 813.4942 685.4356 571.3927 500.3556 387.2715 274.1874 175.1190
y-17 796.4677 668.4091 554.3662 483.3291 370.2450 257.1609
y-18
immonium 120.0808 101.0710 87.0553 440495 86.0965 86.0965 72.0808 129.1135
related 129.0659 112.0869
related 84.0444
int2 243.1088 186.0873 185.1285 227.1755 213.1598
int3 314.1459 299.1714 298.2126 326.2439
int4 427.2300 412.2555 397.2810
ints 540.3141 511.3239

int6 639.3825




Additional PMF analyses confirm the protein identification. Sequit! allows the calculation
of theoretical digest of protein, which was identified by de novo sequencing (marked
blue), and comparison of theoretical digest to the measured PMF. 16 from 32 peptides
from measured PMF match to serum albumin (marked red). Resulting sequence coverage
of 25% was calculated.

Additionally, Sequit! shows unmatched masses, which are possibly masses of peptides
deviating from database protein sequence (mutated, alternatively spliced or modified
peptides) or masses from other protein(s) or contaminants.

I SEQUIT! 4.0 - 927.5qi - 927.5200 (=)

Files ] De navo ] Search Digest l

| PMF tolerance | 0.1000 Missed cleavages |0 -

Sequence info Unmatched masses
i Mass

prokein mass: 69,349 Da
sequence coverage: 0%
matched masses: O from 0
PMF tolerance: 0,1000
missed cleavages: 0

MK TRISLLFLFSSAY SRGYFRRDAHKSEYAHR FKDLGEEMFEALYLIAFAQYLQOQUCPFEDH-
WELYMEVTEFAK TCYADESAENCDKSLHTLFGDKLCTYATLRETYGEMADCCAK QEPERMECF-
LOHKDOMPMLPRLYRPEVDYMCTAFHDNEETFLEK YLYELARRHPYFY APELLFFAKR YK AAFT- 1
ECCOAADKAACLLPKLDELRDEGKASSAKQRLKCASLOKFGERAFK AW AYARLSORFRPKAEF- ||

Tryptic protein fragments {mass range 500 - 3000 Da)
Theoretical mass ‘ Measured mass | Errar | Sequence |A_
5032936 LSOR.

S05.2514 FGER.
5093195 HEPE
517.2950 ADLAK
517.2951 ECQLE
581.3042 HPE&K
591.3349 TTLEK
6163776 LYAASE.
545,3566 LDELR
649,3335 CASLOE
65,3155 EPER. |
6733779 AW AVAR, ]
About: | Exit |
I SEQUIT! 4.0 - 927.5qi - 927.5200 (=)
Files ] De navo ] Search Digest l
Open | Clear | PMF tolerance | 0.2000 Missed cleavages |2 -
Sequence info Unmatched masses
prokein mass: 69,349 Da | [Mass [
sequence coverage: 25%: 10934300
matched masses: 16 from 32 1713.5500
PMF tolerance: 0,2000
missed cleavages: 2 e e
1430.6600
MKWATFISLLFLFSSAYSRGYFRRDAHK SEYAHR FKDLGEENFKALYLIAFAQYLQQCPFEDH- | 1452,6400
WKLYNEYTEFAK TCYADE SAENCDKSLHTLFGDKLC TWATLRETYGEMADCCAK QEPERMECF- fes 200
LQHKDDMNPILPRLYRPEYDYMCTAFHDNEE TFLKK YL YELARRHPYF Y APELLFFAKRYKAAFT- 1489.6300
ECCOAADKAACLLPKLDELRDEGK ASSAKORLKCASLOKFEERARK AWAYARLSORFPEAER- 1553, 1600 |
AEYSKLYTOLTKYHTECCHGDLLECADDRADLAKYICENQDSISSKLKECCERPLLEKSHCIAEY- [ 1591.7100 ]

Tryptic protein fragments {mass range 500 - 3000 Da)
Theoretical mass ‘ Measured mass | Error | Sequence |A_
§90.5129 LECASLOK
92,4370 DEGKASSAK
915.4176 CCKHPEAE
9274934 9274900 0,0034 YLYEIAR
940, 4452 40,4300 0.0152 DOMPRLPR.

951.4415 DLGEEMFE

60,5625 Q60,5400 00225 FOMNALLYR.

973.5213 SEVAHRFE

953.5409 953.5000 0.0409 TYETTLEE

955.5595 ASSAKORLE

1000,6035 QTALYELWE |
10025575 TPWSDRYTE ]

About: Exit




CONCLUSION

De novo peptide sequencing of tryptic peptides with subsequent database search is a
potent alternative to peptide mass fingerprint analyses for protein identification. At least
one fragment from a proteolytic protein digest is required and suffices for protein
identification.
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