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Schematic depiction of an ion trap mass spectrometer
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Peng, J. and Gygi, S.P. (2001) Proteomics: the move to mixtures. J. Mass Spectrom., 36,
1083-1091.



Mass Spectra Recording (Triple Play)
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Correlation analysis

Database selection
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2. (05359 "1.3963  70.0 582RZ (V)VCLMSAIALPYNGGLRPPGV
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Problem

* Well resolved mass spectra without identification

after database search

De novo amino acid sequencing with
subsequent manual search lead tg‘peptide
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Sequence availability

Every fourth peptide escapes detection by MS due to an intron which

splits the peptide on the “genomic level”

—  Choudhary, J. S., Blackstock, W. P., Creasy, D. M. and Cottrell, J. S. (2001) Interrogating the human genome using
uninterpreted mass spectrometry data. Trends Biotechnol, 19, S17-22.

Each human and Chlamy gene statistically contains 8 exons

—  Deutsch, M. and Long, M. (1999) Intron-exon structures of eukaryotic model organisms. Nucleic Acids Res, 27, 3219-3228.
Merchant, S. et al., (2007) Science; in press

40-60% of human genes are alternatively spliced
—  Modrek, B. and Lee, C. (2002) A genomic view of alternative splicing. Nat Genet, 30, 13-19.

50% of a genome may not be complementable by EST data

—  Seki, M., Narusaka, M., Kamiya, A., Ishida, et. al. (2002) Functional annotation of a full-length Arabidopsis cDNA collection.
Science, 296, 141-145.

Gene prediction is far from being correct (Only 15-20% of known gene

structures are predicted correctly.)
—  Brent, M.R. and Guigo, R. (2004) Recent advances in gene structure prediction. Curr Opin Struct Biol, 14, 264-272.

Post translational modifications

—  Perkins, D. N., Pappin, D. J., Creasy, D. M. and Cottrell, J. S. (1999) Probability-based protein identification by searching
sequence databases using mass spectrometric data. Electrophoresis, 20, 3551-67.



intron exon

//

Left Peptide Fragment Right Peptide Fragment

(K)GSGDAAYP GGPFFNLFNLGK...

/\

GTGAGCAGATAGAGGAGAGAGCGCGCGAGAGAGGGLCCGCGGL
TGCAGCTGGTGTGGGCCAAGGCTGGCGGAGACAGCCAGCAGG
GGTCAGGGGGAGGGGCACAGGGCAGAGGCAGACGCCGGLCGCT
GTCGGGTGCGGGATGCGGGTTGCTGATGGATGGAAACTCCGA
TCCGCGGCGGACGGTTTCGTGCTATGTAGCTGCTCAACAGGG
TTTGCATGCTCCTGGCTGACAGCGCATATGACGGTCCCTTCC
CCCGCTCCGCAG

Intron
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De Novo Amino Acid Sequence Predictions

nsi78_11.1803.1806.2.dta
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WLQYSEVIHAR 1402.4 Da nsi_63_1.1641.1644.2

: PRCHQHQVVRERRNPPRRLVORLLG-PLHHLLRGDRGYAVR-AAPPSGAGREGQALVG
: 9 FRHPKODFGFDPLGLLDPVNSGGFIEPKWLQYSEVIHARWAMLGAAGCIAPEVLGAAG
: —SPMPPTSSGSRAA-SPPPARTTATGLTPTPSSSWRSWLCSSLSCAAFRCGEGGAGARRA
RF4: PLLAVSASLGPHQLQPRPSLARSLLYLLTGVGSVARALEDRLQAQEVLLAHGAGVAEVLQ
REF5: PCWLSPPALAHTSCSRGPLSRALSSICSPG-AASPEPLKIASRPRKYCWPMEPG-RKSCR
RF6: THARRGSVIGCNCNQPQLQRCTRGFK-NRFLRRFFFFARRAPAPPSPHLKAAQLSELHSH

Measured Mass: 1402.40 Da
Calculated Mass: 1401.58 Da
Mass Difference: 0.82 Da < 700 ppm (0.98 Da)



MS/MS

De novo amino acid

\ 4

Run

GenomicPeptideFinder

v

First (stringent)
sequence comparison

A

Second (less stringent)
sequence comparison

data sequencing
Select database\
Enter query
Set options
Run GPF
A A 4
f Process 1 \ / Process 2 \

Search for sequences
for which the mass of the
precursor ion matches
the mass of the
tryptic peptide.

Found
result

Yes

J

A 4

-

Process 3

A 4

N

Combine sequences and
cut out putative introns.
compare the mass of
the resulting tryptic peptide
to the mass of the
precursor ion.

As process 2 but
allow for errors in the
query correct these
with the sequences from
the database.

Process 4

Found
result

Yes

)

\

Found
result

Yes

As process 2 but
allow for sequence
errors within the
database.

)

A 4

Store significant
candidates in the
result database

Found
result

Yes

A




[RC*] AAYPG[VV]CFNPYNLGK  2027.95 nsi78_03.2460.2463.2

RYPGSMGQQYFLGLEATIFKGSGDAAYP
: ATPAPWASSTSWAWRRSSRALAT _ RRERAREGRGCSWCGPRLAETASRGQGEGHRAEADAGAVGCGMRVAD
RF3: LPLPRLHGPAVLPGPGGDLQGLWRRCLPR ADRGESARERAAAAAGVGQGWRRQPAGVRGRGTGQRQTPALSGAGCGLL
RF4: QAAVLDLLELQLLHGSLGLAQVEQVEEGAACGAGEGTVICAVSQEHANPVEQLHSTKPSAADRSFHPSATRIPHPTAPASAS
REF5: RRPFLISLSEFSSFMAASVLPRLNRLKKGPPAERGKGPSYALSARSMOTLLSSYIARNRPPRIGVSTHQQPASRTRQRRRLPLPCA
RF6: GGRS SP ASAPSWQPRSCPG TG RRGRLRSGGRDRHMRCQPGACKPC AAT HETVRRGSEFPSISNPHPAPDSAGVCLCPV

GSGDAAYPGERHEENRRFNLGK

RF1: KTEAAMKELKLKEIKNGRL
: KLRSAADGFVLCSCSTGFACSWLTAHMTVPSPAPQAAP ARPRLP RS SSRRSRTAA
RF3: MDGNSDPRRTVSCYVAAQQGLHAPG QRI RSLPPLRRRPLLOPVQPGQDRGCHEGAEAQGDQERPP
RF4: ALCPSP PLLAVSASLGPHQLQPRPSLARSLLYLLTGVGSVARALEDRLQAQEVLLAHGAGVAEV
REF5: PLPLTPAGCLRQPWPTPAAAAALSRALSPLSAHRGRQRRQSP RSPPGPGSTAGPWSRGSGS

RF6: DLRVLQPLGLDEAAAVHGVQQAQGVEAEVLFGMTKNGQ-IALMLDRGGMSGHADFIAERL

Measured Mass: 2027.95 Da
Calculated Mass: 2027.98 Da
Mass Difference: 0.03 Da <700 ppm (~ 1.4 Da)
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Analysis Workflow: Analysis of thylakoid
membranes after 1D-SDS-PAGE

Spectra extraction
400 000 spectra

Run Sequest
(database search)
8 databases

Allmer et al. (2006) Proteomics 6, 6207-6220.

R Extract significant
Results




MS/MS
Data

Create dta files

from raw files
2000 dta files
(3 min)

PEAKS
15 dta files/ min
(2h)

Lutefisk

DeNovoX

(2h)

Run Sequest

several dbs
Variabel 1 min— 10 h

GPF
Windows local

200 queries / h
(10 h)

A 4
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GPF-predictions
21 dta files / min

(100 min)

A
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Results
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A
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.| UNIX (LINIAC)

Create Queries
for GPF
~2000

(35)
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(3h @ 10 Processors)

A
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Total Processing about
14h per raw-file.
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|dentified Peptides

Confident peptide identifications and complementarities

Sequest GPF PEAKS Complement
Sequest 2496(22) 322 (19) 72 (5)
GPF 322 (19) 448 (98) 60 (17)
PEAKS 72 (5) 60 (17) 105 (17)
Complement 47 (4)

Number of identified peptides (non redundant) is 2622

Complement PEAKS-Sequest: 3% Found in

Improved by using GPF : 18% Peptides gene models missed %-missed
Sequest 1317 1157 47
GPF 332 58 15
Comple- 292 11 4

) ment
Allmer et al. (2006) Proteomics 6, 6207-6220.



Example 1 — Gene model verification

Peptides

ALE-GEIYDTFK, bnTY3 06302004.1322.1322.2.dta (Xcorr = 4.1)
MEGEFTADNVAK, bnTY3 06302004.920.922.2.dta (Xcorr = 4.12)
TGPPAVTVEDADK, bnTY3 06302004.742.746.2.dta (Xcorr = 3.26)
TPIVFEGGDR, bnTY3 06302004.1003.1003.2.dta (Xcorr = 2.84)

Scaff: 177403 SDGIVGWVKKKTGPPAVTVEDADKLKSLEADAEVVVVGYFKALE 177272 JGI: tblastn
+DGIVGWVKKKTGPPAVTVEDADKLKSLEADAEVVVVGYFKALE blast protein
sbict: 145 ADGIVGWVKKKTGPPAVTVEDADKLKSLEADAEVVVVGYFKALE 188 Vs.
translated nucleotide
Scaff: 176994 OGEIYDTFKSYAAKTEDVVFVQTTSADVAKAAGLDAVDTVSVVKNFAGE 176848

+GEIYDTFKSYAAKTEDVVEVQTTSADVAKAAGLDAVDTVSVVKNEFAGE

sbjct: 188 EGEIYDTFEKSYAAKTEDVVEVQTTSADVAKAAGLDAVDTVSVVKNFAGE 236

Gene model: C_390061 [chire2:164450]

MNRWNLLALTLGLLLVAAPFTKHQFAHASDEYEDDEEDDAPAAPKDDDVDVTVVTVKNWDETVKKSKFALVE
FYAPWCGHCKTLKPEYAKAATALKAAAPDALIAKVDATQEESLAQKEFGVOGYPTLKWEVDGELASDYNGPRD

ADGIVGWVKKKTGPPAVTVEDADKLKSLEADAEVVVVGYFKALEGEIYDTFEFKSYAAKTEDVVEVQTTS

ADVAKAAGLDAVDTVSVVKNFAGEDRATAVLATDIDTDSLTAFVKSEKMPPTIEFNQKNSDKIFNSGINKQL
ILWTTADDLKADAEIMTVFREASKKFKGQLVFVTVNNEGDGADPVTNFFGLKGATSPVLLGFFMEKNKKFRM
EGEFTADNVAKFAESVVDGTAQAVLKSEAIPEDPYEDGVYKIVGKTVESVVLDETKDVLLEVYAPWCGHCKK
LEPIYKKLAKRFKKVDSVIIAKMDGTENEHPEIEVKGFPTILFYPAGSDRTPIVFEGGDRSLKSLTKFIKTN

AKIPYELPKKGSDGDEGTSDDKDKPASDKDEL*

JGI annotation: Protein disulfide isomerase 1 (CrPDI1), encodes the chloroplastic Rb60 protein which is part of a

complex involved in the control of psbA mRNA translation by light

Scores

NCBI: 0

gi|4104541|gb|]AAD02069.1|
protein disulfide isomerase

SIB-BLAST: 0

_CHLRE Protein disulfide
isomerase RB60 (EC 5.3.4.1)

Kazusa: 0

AF036939.1 Chlamydomonas
reinhardtii protein disulfide
isomerase

Other:

Intron split and parts of intron split peptides are in red: ALE-GEIYDTFK
Significant non-intron split peptides are in blue: MEGEFTADNVAK




Example 2 - Gene model correction

Peptides

LEEGE-MPLNTYSNK, bnTY5a_062904.1079.1083.2.dta (Xcorr = 4.17)
LYDEEL-QAIAK, bnTYb5a_062904.1218.1222.2.dta (Xcorr = 4.14)

Gene model: C_1410005[chlre2:155574]

MQTVRAPAASGVATRVAGRRMCRPVAATKASTAVTTDMSKRTVPTKLEEGEVSACLGATTGRRKMGRGGE

RRSGSVGQELAGRILLICDFLFFILOMPLNTYSNKAPFKAKVRSVEKITGPKATGETCHIIIETEGKIP
FWEGQSYGVIPPGTKINSKGKEVPHGTRLYSIASSRYGDDFDGQTASLCVRRAVYVDPETGKEDPAKKGLCS
NFLCDATPGTEISMTGPTGKVLLLPADANAPLICVATGTGIAPFRSFWRRCFIENVPSYKFTGLFWLFMGVA
NSDAKLYDEELQATAKAYPGQFRLDYALSREQNNRKGGKMY IQDKVEEYADEIFDLLDNGAHMYFCGL

KGMMPGIQDMLERGLERNSGESSSEELLLSRTRQGGAGGGGTRTRRAAGRAGGMPRRKAKAPRAGRGTSMSG
AV*

JGI annotation: Ferredoxin--NADP reductase, chloroplast precursor. The model doesn't completely fit the published

Scores

NCBI: 9e-162

gi|732532|gb|AAB40978.1|
ferredoxin-NADP+ reductase

SIB-BLAST: 1e-162

_VOLCA Ferredoxin-NADP+
reductase [fnr] [Volvox carteri]

Kazusa: 1e-170

U10545.1 Chlamydomonas
reinhardtii ferredoxin-NADP+
reductase

cDNA sequence gi|1706781|sp|P53991|FENR_CHLRE[1706781], Other:
cDNA sequence: FNR cDNA /FENR_CHLRE Scores
NCBI: 0

MASTLRKPSNHADRACSRRLRVATRVAGRRMCRPVAATKASTAVTTDMSKRTVPTKLEEGEMPLNTYSN

KAPFKAKVRSVEKITGPKATGETCHIIIETEGKIPFWEGQSYGVIPPGTKINSKGKEVPTARLYSIASSRYG
DDGDGQTASLCVRRAVYVDPETGKEDPAKKGLCSNFLCDATPGTEISMTGPTGKVLLLPADANAPLICVATG
TGIAPFRSFWRRCFIENVPSYKFTGLFWLFMGVGNSDAKLYDEELQAIAKAYPGQFRLDYALSREQNN

RKGGKMYIQDKVEEYADEIFDLLDNGAHMYFCGLKGMMPGIQDMLERVAK
EKGLNYEEWVEGLKHKNQWHVEVY

gi|1706781|sp|P53991|FENR_CHLRE[1706781]

Qi[1706781|sp|P53991|FENR

CHLRE Ferredoxin NADP
reductase

SIB-BLAST: 0

FENR_CHLRE Ferredoxin--
NADP reductase, chloroplast

Kazusa: 0

U10545.1 Chlamydomonas
reinhardtii ferredoxin-NADP+
reductase

Other:




Example 3 — Alternative splicing?

Peptides
VNGGPAGEGLDPL-ADDPDTFAELK, bntyl27a_08182004.2232.2236.2.dta, Xcorr 3.64

Gene model: C_1460037 [chire2:155818]

MAFALATSRKALQVTCKATGKKTAAKARIISYNQIETAAAPKSSGVEFYGPNRAKWLGPYSENSTPAYLTGE
FPGDYGWDTAGLSADPETFKRYRELELTHARWAMLGALGCLTPELLAKSGTKEGEAVWEFKAGAQIFSEGGLD

YLGNPSLVHAQNIVATLAVOVILMGLIEGYRVNGGPAGEGLDPLYPGESFDPLGLADDPDTFAE
LKVKEIKNGRLAMFSMFGFFVQAIVTGKGPVONLDDHLANPGVNNAFAFATKFTPSA

Scores

NCBI: 2e-136

gil4139216]|gb|AAD03731.1]
light harvesting complex Il

SIB-BLAST: 1e-136
tr Q9ZSJ5 CHLRE [Lhcb2]

Kazusa: -
JGI annotation: Lhcbm4
Gene model: C_1460037 [chire2:155818] Scores

NCBI: 1e-126

MAFALATSRKALQVTCKATGKKTAAKARIISYNQIETAAAPKSSGVEFYGPNRAKWLGPYSENSTPAYLTGE
FPGDYGWDTAGLSADPETFKRYRELELTHARWAMLGALGCLTPELLAKSGTKEGEAVWEFKAGAQIFSEGGLD

YLGNPSLVHAQNIVATLAVOVILMGLIEGYRVNGGPAGEGLDPLADDPDTFAELKVKEIKNGRL
AMFSMFGFFVQATIVTGKGPVONLDDHLANPGVNNAFAFATKFTPSA

Altered model is not supported by EST data

gil4139216|gb|AAD03731.1]
light harvesting complex Il

SIB-BLAST: 1e-126
tr Q9ZSJ5 _CHLRE [Lhcb2]

Kazusa: -




GenomicPeptideFinder

Detection of peptides in genomic databases

— Increases yield 10 fold when compared to de novo sequencing alone
Detection of peptides split by introns when deduced from
genomic DNA

— Enables identification of approximately 20% formerly undetectable

spectra

Gene Annotation

— Enables gene annotation from proteomic data

Additionally
— Detection of proteins by a single supporting peptide significantly
enhances identification of
« Short proteins
* Low abundant proteins
» Modified proteins
« Alternatively spliced proteins

— High-Throughput possibility

Allmer et al. (2004) FEBS Lett 562, 202-6.
Allmer et al. (2006) Proteomics 6, 6207-6220.



Third generation GPF

 GPF 2: currently in development

* iImprovements:
— also finds intron splits within nucleotide triplets

— higher speed
« ~100 times faster than the old GPF
« 3 queries per second on average

 speedup due to the fact that an index is used and thus
peptides can be “looked up” instead of “searched for”

— includes visualization of hits
« could be useful for genome annotation



Third generation GPF

 a web interface can be found at
www.uni-muenster.de/hippler/gpf

« use gpf as user name and hellofellow as
password for the authentication

« GPF 2 is still work in progress, so the service
may become temporarily unavailable or move
to another location




2DB (relational database)

* Replaces PepProtDB
— Web based
— Multiuser
— Fully searchable
— Enhanced visualization

www.2db.de.ms



Workflow
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Experiment Overview

Application Structure
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Conclusion

« 2DB speeds up data analysis
— Automates protein identification
— Provides results in Tables
— Data organisation facilitates analysis
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