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MASS SPECTROMETRY

is an analytical technique that identifies the
chemical composition of a compound or sample
based on the mass-to-charge ratio of charged
particles

ION SOURCE: molecules of interest are ionized

l

MASS ANALYZER:
ions are separated according to their m/z-ratios

l

DETECTOR: separated ions are detected




MS of small molecules

-In 1918, Arthur Jeffrey Dempster developed the first modern
mass spectrometer, and established the basic theory and
design of mass spectrometers that is still used to this day

-1919 Francis Aston constructs the first velocity focusing mass
spectrograph with mass resolving power of 130 (1922 Nobel
Prize in chemistry)

-The use of a mass spectrometer as the detector in gas
chromatography was developed during the 1950s by Roland
Gohlke and Fred McLafferty

-lonization modes: chemical ionization (CI) and electron
ionization (El), not suitable for labile biomolecules

Biological mass spectrometry

-two modes of ionization:
MALDI (matrix assisted laser desorption ionization)
and ESI (electrospray ionization)

-developed in 1980’s by Michael Karas & Franz
Hillenkamp, Koichi Tanaka, John Fenn & Matthias
Mann, Peter Roespstorff...

Nobel-price in Chemistry 2002 to Tanaka and Fenn
'For their development of soft desorption ionisation
methods for mass spectrometric analyses of
biological macromolecules’




MALD I= matrix assisted laser desorption ionization

PULSED
LASER

The analyte substance is embedded in a
crystallized matrix, which is irradiated by a
laser. The power of the laser beam is usually
+20 KV adjusted in a way that it has enough energy to
ionize the biomolecules and matrix molecules
but does not split the large analyte molecule.

TARGET

A 384 position MALDI-TOF
sample target plate.
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Electrospray ionization (ESI):

Creation of ions by spraying a solution into an electrical field.
This process, which belongs to the "soft" ionization
techniques, enables the analysis of intact biomolecules, such
as e.g. proteins and peptides by mass spectrometry.

Electrospray of peptides in 0.1% FA
/ACN from a 15 um I.D. fused silica
glass needle. The liquid flow is 200
nl/min and the needle has a potential
of 2000V as compared to the cone
inlet of the mass spectrometer.
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A tandem mass spectrometer is a mass spectrometer
that has more than one analyser, in practice usually two.

Tandem mass spectrometry (MS/MS) is used to
produce structural information about a compound by
fragmenting specific sample ions inside the mass
spectrometer and identifying the resulting fragment ions

Common MS-instrument types:
-MALDI-TOF and MALDI-TOF/TOF
-ESI-triple quadrupole

-ESl-ion trap

-ESI-hybrid quadrupole TOF

-ESl-ion trap

-ESl-orbitrap

MALDI TOF spectrum of a peptide mixture
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Monoisotopic mass is calculated using the
mass of the most abundant natural
isotope of each constituent element

1215.597

12C and N

the mass difference between the isotopic peaks is
1 amu (1 Da) as isotopes differ in mass by the
addition of 1 neutron which weighs 1 amu
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MALDI-TOF spectrum of a protein
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ESI MS spectrum of a peptide mixture
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ESI MS spectrum of a protein
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MALDI ESI

sample is crystallized « liquid sample

produces mainly singly e produces multiply
charged ions charged ions

simple, easy-to-use e easy to couple with HPLC

more tolerant to
salts+other contaminants
in the sample than ESI

http://www.astbury.leeds.ac.uk/facil/MStut/mstutorial.htm
http://www.ionsource.com/
http://planetorbitrap.com/

MS in protein chemistry/
proteomics/structural biology

-protein identification
-protein MW determination

-characterisation of post-translational
modifications

-relative quantification of proteins between
samples

-analysis of protein complexes
-essential role in proteomics
-MS imaging




Protein MW determination by MS
(NOT= identification)

-for MW determination the protein needs to be
in solution without salts and detergents

-usually proteins are first purified with
RP chromatography before MW measurement

-MALDI TOF MS, linear mode
-accuracy is not as good with ESI MS
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Protein MW determination, ESI MS
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Protein MW calculation from ESI spectra

p=m/z
pP1=(M,+z,)/z;
pP,=[M;+(z:-1)]1/(z,-1)

p= a peak in the mass spectrum
m= total mass of an ion

z= total charge

M,= average mass of the protein
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p=m/z
p1=(M+2,)/z;
po=[M+(z:-1)1/(z:-1)

If p,=942.753 and p,=998.067

942.753 =(M,+z,)/z,
942.753z, = Mr+z;
941.753z, = M,

998.067 = (941.753z,+z,-1)/z,-1
998.0672,-997.067 = 942.753z,-1
(998.067-942.753)z, = 996.067
55.314z,= 996.067 => z,=18.0075

M, = 941.7/53z, = 16 951.6 Da
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Deconvoluted electrospray mass spectrum of myoglobin
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Protein identification by
mass spectrometry

eprotein of interest is cleaved into peptides
with a specific enzyme

epeptides are analyzed by MS (and MS/MS)
followed by a database search with the
acquired MS (and MS/MS) data

Protein identification methods:

Peptide mass fingerprinting (PMF)
eldentification based on MS/MS data from one
or more peptides

Peptide mass fingerprint (PMF)

A mass spectrum of the peptide mixture resulting
from the digestion of a protein by an enzyme,
usually measured by MALDI-TOF

Identification based on peptide MW information only
Database search engines create theoretical PMFs for

all the proteins in the database and compare these to
the measured PMF from protein X

12



Protein identification based on MS/MS data
from one or more peptides

Database search engines create theoretical
peptide fragmentation patterns for all the
proteins in the database and compare these
to the measured MS/MS data

Protein identification by MS

Protein has to be digested into peptides

eDisulphide bridges need to be reduced and alkylated
before digestion

intact protein alkylated protein tryptic fragments from the protein

) T
Reduction R

& - R
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ﬁ? K
N Trypsin  ——R
Alkylation —K
c T e g

13



Protein digestion into peptides
before MS analysis

Digestion can be done in-solution or in-gel
The enzyme has to be as specific as possible
Trypsin is most commonly used enzyme:

-very specific, quite cheap

-cleaves peptide bond after lysines and arginines
-tryptic peptides are 'good’ for MS analysis
because they end up with basic amino acid
-works for both in-solution and in-gel digestion

Other enzymes:

-LysC, cleaves after lysines

-LysN, cleaves before lysines

-AspN, cleaves before aspartic acid residues
-V8 protease, cleaves peptide bonds
exclusively on the carbonyl side of aspartate
and glutamate residues

-possible to do double-digestions

Chemical cleavage:
Cyanogen bromide, cuts after methionines

14



Upregulated

In-gel digestion

Downregulated
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-works with low-femtomolar amounts of proteins

BUT:

-easy to contaminate samples with keratin

-the gel staining protocol needs to be

compatible with MS

-silver-staining: fixing with glutaraldehy cross-links
protein into gel matrix after which identification

is not possible

Peptide mass fingerprinting

-usually peptides need to be desalted and
concentrated before MALDI analysis

-> ZipTips, peptide elution directly onto MALDI
target plate

-MALDI matrix
included in the
elution solution

15



Peptide mass fingerprinting
MALDI, Positive ion reflector mode

Spot 29 Spot 30

-silver-stained spots from 2-DE gels, in-gel digestion+ZipTipping

Peak picking parameters important in PMF
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Publicly available search engines for PMF

*Mascot
eProteinProspector/ MS-Fit
*PROWL/ ProFound
<Aldente

Databases

Database C t

EST divisions of Genbank,
(currently EST_human, EST_mouse, EST_others)

MSDB Comprehensive, non-identical protein database
MNCBInr Comprehensive, non-identical protein database
SwissProt |High quality, curated protein database

EST

PMF/ database search

MASCOT Peptide Mass Fingerprint

Your name |Tuu|a | Email ‘tuu\a‘nyman@he\simki‘fi ‘

search title |dig 33 |

Database |NCBInr v

Taxonomy | ................ Homo sapiens (hurman) V|
Enzyme |Trypsin v Allow upto |1 ¥ missed cleavages
. Fixed [Rictin (k) ~ Mariable [ouidation (HW ~
modifications |giatin (MN-term — | modifications 5 T

Carbamidomethyl (C)
Carbarmyl (K)
Carbamyl (N-term}

[E38

Propionamide {C)

£

Protein mass | kDa Peptide tol. + ‘SD | ppm

Mass values ©mH+ Om_ Om-H- Monoisotopic @ Average O
5 [

Data file

842,402722910522
870.515149550300 =]
1085.62503611115
Query 11174 53580038073
1265557 76026686
1393.75672200038 ~

Decoy [] Report top ‘AUTO ¥ | hits

Start Search ..

www.matrixscience.com
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{etivess Mascot Search Results

User i Tuula

Email : tuula.nymanGhelsinki.fi
Search title 1odig 33

Datahase H

HCBInr 20090912 (9680073 seguences: 3307708198 residues)

Taxonomy : Homo sapiens {(human) (223942 segquences)

Timestamp 17 Sep 2009 at 07:28:13 GMT

Top Score 80 for yi|1092096484, PREDICTED: tubulin, alpha, ubiguitous isoform 10 [Macaca mulatta]

Probability Based Mowse Score

Protem score 15 -10*Log(P), where P 15 the probability that the observed match is a random event.
Protein scores greater than 66 are significant (p<0.05).

o

Humber of Hits

50 75
Probability Based Mowse Score

Concise Protein Suinmary Report

Concise Protein Summary Help

Significance threshold p= 0.05 Maz mumber of hits [AUTO

[ Re-Search All ] [ Search Unmatched

1. gi| 109086454 Mass: 46797 Score: 80 Expect: 0.0022 Queries matched: 12
PREDICTED: tubulin, alpha, ubiguitous isoform 10 [Macaca wulattal
gi| 193786502 Mass: 46725 Score: 80 Expect: 0.0022 Queries matched: 12
unnawed protein product [Howo sapiens]
gi|193787715 Mass: 26525 Score: &0 Expect: 0.0022 Queries matched: 12
unnamed protein product [Homwo sapiens)
gi|34740335 Hass: 50804 Score: 76 Expect: 0.0052 (Queries matched: 12
tubulin, alpha 1B [Mus musculus]
gi|73996547 Hass: 46751 Score: 69 Expect: 0.02% Queries matched: 11
PREDICTED: similar to tubulin, alpha 1 isoform 9 [Canis familiaris]
gi| 108086516 Mass: 37707 Score: 66 Expect: 0.054 (Queries matched: 10
PREDICTED: alpha tubulin isoform 2 [Macaca mulatta]
gi[158259731 Mass: 50788 Score: 66 Expect: 0.055 (Queries matched: 11

unnamed protein product [Homo sapiens)
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LGRS Mascot Search Results

Protein View

Match to: gi|193786502 Score: 80 Expect: 0.0022
unnamed protein product [Homo sapiens]

Nowinal mass (M ): 46725; Calculaced pI value: 4.99
NCEI BLAST search of gi|193786502 against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Homo sapiens

Fixed modifications: Carbamidomethyl (C)
Varisble modifications: Oxidation (M),Phospho (ST),Phospho (¥)
Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 24

Nuwber of mass values matched: 12

=  Zequence Coverage: 40%

Hatched peptides shown in Bold Red

1 MPSDETIGGG DDSFHIFFSE TGAGKHVPRA VEVDLEPTVI DEVRTGTYRQ
51 LFHPEQLITG KEDAAHWNYAR GHYTIGKEII DLVLDRIRKL ADQCTGLOGF
101 LVFHSFGGGT GSGFTSLLME RLSVDYGKES KLEFSIVPAP QUSTAVVEPY
151 NSILTTHTTL EHSDCAFMVD NEAIYDICRE WLDIERPTYT HLHRLISQIV
201 SSITASLRFD GALLNVDLTEF QTWNLVPYPRI HFPLATYAPY ISAEKAYHEQ
251 LSVAEITHAC FEPANQMVKC DPRHGKYMAC CLLYRGDVVP KDWMALRIATI
301 ETERSIQFVD WCETGFEVGI NYQPPTVWPG GDLAKVORLY CMLSNTTAIL
351 EAVARLDHEF DIMYAKRAFYV HWYVGEGMEE GEFSELREDIM ALLEKDYEEV
401 GVDSVEGEGG EEGEET

[ Show predicted peptides also ]

Usually not many

® Residue Mumber O Increasing Mass O Decreasing Mass missed Cleavages

Start -
6 -

30 -

50 -

50 -

76 -

=
B
H
g
El

Errar Cppm)

End
25
44
61
70
866
194
245
269
285
317
335
366

to:

Observed Mriexpt) Mri{calc) ppm Miss Sequence
2007.8886 2006.8813 2006.8858 -2 0 K.TIGGGDDSFHIFFSETGAGK.H
1701.9195 1700.9122 1700.8985 8 0 R.AVFYDLEPTVIDEVR.T
1410.7704 1409.7631 1409.7667 -3 0 R.QLFHPEQLITGK.E
2415.1967 2414.1894 2414.1978 -3 1 R.QLFHPEQLITGKEDAANHYAR.G
1085.6250 1064.6176 1084.6128 5 0 K.EIIDLVIDR.I
1716.6900 1717.8827 1717.8747 5 0 R.HLDIERFTYITHLHR.L
1756.9569 1755.9517 1755.9559 -2 0 R.IHFPLATYAPVISAEK.RA
2766.2690 2765.2617 2765.2789 -6 0 K.AYHEQLSVAEITHACFEPAHQMVE.C Oxidation (M)
1265.5578 1264.3505 1264.5403 i 0 K.YMACCLLYR.G Oxidation (M)
1584.7560 1383.7487 1583.7443 3 0 R.SIQEVDWCPTGEK.V
1824.9830 1823.9757 1823.9782 -1 0 K.VGINYQPPTVVEGGDLAK.V
1396.6967 1395.6894 1395.6857 3 1 R.LDHEFDLMYAK.R Oxidacion (M)

G42.4827, §70.5151, 1174.5368, 1383.7567, 1616.7599, 1715.9463, 1775.9570, 1846.882z2, 2029.6757,

T—T
L)

RMS error 4

Mass accuracy critical

PRM

15‘00 ! T 20‘00 T 25‘00
Mass (Da)

-check for known contaminants

(these should be removed before search)
-possibility to do 2nd pass search

zzll
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'Normal’ search,

max 1missed cleavage

allowed

Match to: TRM2 HUMAN Score: 61 Expect:
Tropomyosin beta chain Of

Nominal mass (M) : 3294
NCBI BLAST search of IPM2 HUMEN against

Unformatted sequence string for pasting inte other applications

Taxonomy: Homo sapiens

0.43

ono sapiens GN=TPI2 PE:

Fixed modifications: Carbamidometayl (C)
Variable modifications: Oxidation (M),Phospho (ST),Phospho

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P

Number of mass values searched: 41
Number of mass values matched: 13
Sequence Coverage: 33%

Matched peptides shown in Bold Red

e

Calculated pl value: 4.66

)

1 MDAT 21 LKLDKENAIL EDRCROLE EEQQALQRKL
51 KGTEDEVEKY SESVKEAQEK LEQAEKKATD AEADVASLNR RIQLVEEELD
101 RAQERLATAL QRLEEAERRA DESERGMVI RDEEX MELQEMQLRE
151 AXHIAEDSDR KYEEV] ILECELERSE GDLEEELRTV
201 TNNLRSLE: KYSTREDK YEEEIKLLEE KLKEAETRAE FAERSVAKLE

AQ ADE
251 KTIDDLEDEV YAQRMYKAI SEELDNALND

7Sz

Max 4 missed cleavages allowed

Protein View

: 120 Expect: 5e-07 €

os taurus GN-TRM2 PE=2

Match to: TEM2 BOVIN Scor
Tropomyosin beta chain Of

Nominal mass (M,): 32931; Calculated pI value: 4.66
NCBI BLAST search of IEM2 BOVIN against nr
Unformatted sequence string for pasting into other applications

Taxonomy: Bos taurus

Fixed modifications: Carbamidemethyl (C)

Variable modifications: Oxidation (M),Phospho (ST),Phospho (¥)
Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 41

Number of mass values matched
Sequence Coverage: 75%

Matched peptides shown in Bold Red

IXKRIQM LKLDRENAID EDRCROLE EEQQALQRRL
51 KGTEDEVEKY SESVKDAQEK LEQAERKATD AEADVASLNR RIQLVEEELD
101 RAQERLATAL QRLEEAERAA DESERGMRVI MELQEMQLKE
151 AREIAEDSDR KYEEVARKLY ILEGELERSE ERAEVAESKC GDLEEELKIV

251 KTIDDLEDEV YAQRMX:

SEELDNALND ITSL

Bra  Opservec  Mr(expt) Vr(calc) ppm  Miss Sequence
- 30 2043.7€70 2042.7557 2043.0232 Z129 K. DRENATDRAEQARADRK.Q

48 1631.583C 1630.7584 137 R.CROLEEEQQALQ. K

48 1343.a500 1302, a2 R.QLEEEQQALOR. K

55 1355.6060 1374, 25 K.KLEGTEDEVER.Y Phospho (ST)

76 28€s.9540 28€8. 127 K. GTEDEVERYSESVKDAGERLEQAER. K

70 1a43.607C 1402 a1 R.YSESVKDACER.L Prospho (ST); Eho

st 1a€0.5320 1479 EE FATDAEADVASLER R

51 1616.607C 1615.. a1 R.RATDAEADVASLNRR. T

st 13:2.4600 1331, 13 R.ATDAEADVASLNR. R

51 1ass.536C 1487 137 R.ATDAEADVASLNER . I

11 1389.571C 1358 [ R.RIQLVEEELDR. A

105 1883.7%0C 1882, 129 R.RIQLVEEELDRAGER. L

11 1243.457C 1202

105 1727.6700 1726..

125 2201.8€10 2201 120 R. LATALQRLEEARRAADESER .G
128 1888.723C 1887 —a0 K. [EEAERAADESERGUK.V Cxidation
189 1wEv.eser 1919 -z R AKDESIIEL IO

189 1use.ewse 1950 s K. AMOESKISLQEIOLK K Cxadation
e s s —us K. DI QLKA AKDSDRK. X
161 mvrezic w16 ey KL HLASDSDRKY S

1 1zes.eusc 1251 21 RUKLVILEGSLER. S

ez arss.asc Trss s LKLV LSGSLERSEER. A

PRt P 11696606 az Ko LVALSGELER S

PN — - s K. LV L LG ER S ERASVARSK. C

226 zous.wse 2ou3. 1562 26 K. SLEAQADKYSTISDKY IS LK. L

2:1 s1e.1zec 110,040y 21 K. SLEAQADKYS TIKHDKY M1 KLLERIC. L
20 1a.vzov 2013.0208 5 K. YSTKEDKYSSSIKLLGSK.L  bnospno
2a1 18a.eeue 11ss.ssa 138 2 K.DKYsSEIKLLSE.L

2a iaLee P 86 2 K.DKYMSELKLLGNC.L ¥nospno (x)
23w zezz.uzou 26213032 125 8 K.EDKYSSELKLLSSKLKESASTR. A

2ea  Ibzm.oziu 1osi.sia 1o:/.718E M U KTLDDLSDEVZAQK.

w
no

PEPTIDE MASS FINGERPRINTING

e 'quick and easy’

e requires
— a very spesific enzyme
— optimized digestion+ desalting protocols

— internal/close external calibration of MALDI
spectra

= works only for proteins which are already

in the databases as protein sequences
e not suitable for complex protein mixtures
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Protein identification based on MS/MS data
from one or more peptides

-MALDI-TOF/TOF or nanoLC-ESI-MS/MS analysis

-suitable for (complex) protein mixtures,
especially when combined with LC separation
of peptides before MS/MS

Tandem mass spectrometry scan types

lon
source MS1 CID MS2
A :-o .: : @ - re e : o®
. > @
Production | & & | @ @ * 2T jeemT

scanning ———> —=Fixed =

= Scanning =

m/z
1
Precursor ion 1
1

m/z

-\—: eog® loge®
scanning <

&= = Scanning = —— Fixed =—

C
Neutral loss :.‘3..: :o ® © e—@ ° @
1 - |

T
1
. I .
—— =3S8canning = —=Scanning =

scanning = @ @S> @ © L]

Time

D '®, i 7

x = D' PEA Y
Multipleion 1| g 1 | ®g ® X e2e log ®®
monitoring @< 1 ® ege |

> ——= Fixed —™ — —— Fixed —™ Time
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Product ion scanning

MS scan:

The ions are first separated
according to their m/z ratios

5142718

TREETSTy, Counts

100 491.2208. 517448

4202049
90,2864

i h i

200 250 300 350 400 450 500 550 BOO 650 700 750 8OO 850 900 950 1000

MS/MS scan: TOF product 745,4
Peptides with certain m/z-ratio are P o H 1 L L P
selected and fragmented inside the 5 /L I H l
) 3 )
mass analyzer, and the m/z-ratios of the > | b !
fragment ions are measured 2 " l j l l ! }
R O Wit LU gl I T
- m/z, amu

Peptide Fragmentation Nomenclature

N B XN BR XxNon

R1O R2O R|30 §R|4o

Peptides do not fragment sequentially, the fragmentation
events are somewhat random.

The most common peptide fragments observed in low
energy collisions are a, b and y ions. The b ions appear to
extend from the amino terminus (N-terminus), and y ions
appear to extend from the carboxyl terminus (C-terminus).
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Protein identification with MALDI-TOF/TOF

-first, PMF with MALDI-TOF
-next, selected precursor ions can be fragmented
(TOF/TOF analysis)

-MALDI produces singly charged parent ions
— product ion spectra not as easy to interpret
as in ESI-MS/MS

-database search with both PMF and MS/MS

information

MALDI-TOF/TOF fragment ion spectra
from parent ion m/z 1952

333333

1111111

5555555
999999

ST
llll{huHum‘th Jo quJM L_M
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: One or more peptide mass values associated
with information such as partial or ambiguous sequence strings,

amino acid composition information, MS/MS fragment ion masses, etc.

ez Mascot Search Results

oser Gunlla

ey gunilia. ronnnolughelsinki. £1
Search title ¢ D 421
ca file  : DaTA.TXT

Database. SwissProt 57.7 (457253 sequences; 175274722 residues) Gt
Tinertann 18 Sep 2005 a0 0araer a1 am =
Protein hits . SECI YEAST Protein trensport protein SECI O3-Saccheromyces cerevisiae GNeSECI FE-1 V1 et

i [
‘Probability Based Mowse Score

ey

Tons score is -10*Log(P), where P s the probabilty that the observed match s a random event

[——_—

Prebapt1ity sases ke score

Peptide Summary Report

Format As_ | [Pepide Summary <] Help
—

Max i
Standard scoriog @ MudPIT scoring  Lons sore or expect cut-of][ Show sub-sets [0
Show pop-ps c igned [Decraasing Seoe =] &
SeleciAll | | Selecione | | SearchSeieted | Ervor tolerant

1. SECIYEAST  Mass: 53713 Score: 75 Quorics matched:
ort provein SECI C3-Saceharomyces cerevisise

EC1 PE1 SVe1

™ Check to include chis hit in error colex

Query Observed lr(ept) Mr(calc)  ppm Miss Score Expect Rank Peptide
1 1952.6700 1951.8627 1951.5284 -33.66 O 81 3.9%6-05 1 K.UNINCIDADPNREPE.Y

Search Parameters

istan] [ J 2 10| woreds ormatm-

L]

owiio x e B )Xo sorer

0 0 Moscotsearc Resus: Peptide Ve L -

- % - | Page ~ G Took -

o

lséiines Mascot Search Results
Peptide View

MS/MS Fragmentation of YNINCIDADFMVRPPK
Foundin SEC1_YEAST., in SEC1 Of cerevisiae GN=SEC1 PE=1 V=1

Match to Query 1: 1951.862724 from(1952.870000,14)
Datafile DATA TXT

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

O, _Plotfiom | [100 to [1900 Da _Fullrange

H 3
& &
8 §: 3 el
g | § ]
] N 5
i 1] ] ¢ | &8¢ 5§
Pl * % | ® EI
Ln it Lyl | i il i [

L
20 &0 | 1000 | 120 a0 ' 1s00 | a0

Monoisotopic mass of neatral peptide Mr(calc): 1851.9284
Fixed modifications: Carbemidomethyl (C)

Tons Score: 81 Expect: 3.9e-06

Matches (Bold Red): 33/258 fragment ions using 30 most intense peaks

4 Immon. | a a* a0 b b B d  [Seq| v w W y [ & © %

1/136.0757 136.0 164.0706] Y | 16

2| 87.0553| 250.1186| 233.0921 278.1135| 261.0870] N [1730.8353|1729.8400 1789.8724{1772.8458/1771.8618 15|

3| 86.0964] 363.2027| 346.1761 391.1976| 3741710, T [1617.7512(1630.7716[1644.7873|1675.8295|1638.80291657.8189 14

4| 87.0553| 477.2456| 460.2191 505.2405| 488.2140] N [1503.7083(1502.7130| 1562.7454|1545.7188|1544.7348 13

5[133.0430| 6372763 6202497 6652712 6482446, | € [1343.6776[ 13426824, 1448.7025( 14316759 1430.6919[12

6| 86.0964| 7503603 7333338 7783552] 7613287, T 1230.5936(1243.6140(1257.6296|1288.6718|1271.6453 12706613 11

7| 83.0303| 8653873 8483607| 8473767 893 3822( 8763556/ 8753716} D (111556661114 5714 1175.58781158.5612 =l
fbone [T T T (@ owemer [iowe -
start] i1 |2 T0. 8 | 4 ithokutuios. 6 -pant | |
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Protein identification using nanoLC-MS/MS

-50-75 um i.d. RP-columns, 200 nl/min
—— no need to split the effluent before MS

-DDA= data dependent analysis, can be fully
automated

-suitable for complex protein mixtures,

possibility to identify hundreds of proteins in
one run

DDA =Data Dependent Acquisition
(IDA =Information Dependent Acquisition)

-fully automated experiment, first MS scan
followed by two or more product ion scans

-the acquisition software is set to choose
certain types of ions for fragmentation and
to use ’suitable’ collision energy for this ion

-in ESI tryptic peptides have usually 2-4 charges
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Exp 1 = TOF MS

Exp 3 = Product ion scan Il

«««««««

2 oo (| | mem w
2hs 1200
54 _spafu 202428 s 20
L adud]
L Ll
; B N
R F
»

il d
S e e T T T

Search engines for (LC-)MS/MS data

-Mascot, Sequest, OMSSA etc

-the programs take the fragment ion spectrum of
a peptide as input and score it against theoretical
fragmentation patterns constructed for peptides
from the searched database.

-in practise the user is often limited to use
those search engines which accept the
data format from the mass spec used

-mzXML is a open data format for storage and
exchange of mass spec data

-raw, proprietary file formats from most vendors
can be converted to the open mzXML format
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JMATRIXp

f«wend Nascot Search Results

Swisaprot S7.7 (497253 sequences; 78274733 residums)
11 sep 2008 at 07:10:14 @er
in

Cxidation (M) .Phospho (ST),Fhospho (Y)

BABETSILMA AT  lLamis-h GieRattus servegicus Gieless PE
PARSTN IO JLUSK Laniz-A/C OSeMus msculus Geimna
EASS00 K208 AN Haratin, Lyp atal 2 spidarmal cSeficmo ssplens GKIT) PE=l SVe2
ESOISLITIR BIg  Trypsin Goesus = Fami syl

FO42641K2C) WRON Keratin, typs IE cyteskaletal ) OSsHoms sapless GH=NT] PE

U

E3552) K10 wmeN Karatin, typs | cytoskelatal § DSetioms seplens GBeERTS PEal SV
PL3665|%1CI0 WAGW Karatin, typs

PA6411K3CS WRGN Karatin, typs 1f cytcskaletal § Os-Homa sapless GHSKTS
QSNS11IGRITS PoMAD Stress-T0 protekn, mitochesdriel Of=pongs abelil GN=HSIAS PE=2 SVel

RARESSICPTZ pAT ize O-palmitoyltranaferase
QLERADITIME ROVIN Tropomyesin bata chal
Muglin Ofefiona saplens GHeRF2 FE=1 SV=l
Ofiiions asplans GHeMISIR PB=l Sy
ype I cytoskalatal 14 Of=Homs saplass GH=KKEL4 FE=l SV=d
hunin Comfor

vegicus GEeCpLl PEel SWel

L8207  PANCD WRGW Fanconl asesls gros G protels
ES1605i0Ch MOGN  Dermc

din Ofetioms sapless GHeOCD PE=l SV

00-A CfeMoms sapless GN=SI100AS PE=l

Select Summary Report

FomatAs | Seiect Summany (protein hits) | Eelp
Significance thresholdp< 858 Max rumber of hits \iTo
Standard scoring © MudPIT scoring € Ions woeorexpect ot 8 Showsub-ses@
Show pop-ups # Suppress pop-ups ©  Somumassizned Decressing Scere ¥ Require bold red &

{44541 Mascot Search Results

Protein View

Match to; P4B6THILIMA_BAT 2 ses
~A OS=attus sorvegicus Gi=lmma FE=] £Vel

Nominal mass (¥,): 7T4864; Calcslated pI value: 6.54
WCBI BIAST search of $40618i
Unformarted saquence mrring £

Taxosomy; &

us

Fixed medtfications: Carbamidomethyl
v cations:

ST}, Fhospho
R unless next rest

avage by Tryps:
Bagquence Coverage: 474

o5 shown in Bold Red

1 MTPSQREPT RSGAQASSTP LSPTRITSLQ EXEDIQELND BLAVYIDEVE
51 LAITESEEWY L A
01 DL

o I lon scores from individual
e MS/MS spectra

avezvoREGR
AGQVVTTNAS

PPe  Miss Sequence
B.BGACASSTPLEPTR.I (lons =
B.SGACASSTFLEPTR.I Fhospho
R LQEFEDLOELNDR. L

-im 515.2941 1026.5736 10285866
- 18 50,8085 1159.6024 1155,601%

HEBDOMMBHHGGHGOODOOGGBROD
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Protein identification from complex mixtures
using nanoLC-MS/MS

-produces huge amounts of raw data
-requires efficient data processing tools
-different database search programs can produce
different results from the same raw data
-false discovery rate estimation

-peptide level

-protein level

Now you’re protein is identified
What else can we find in the data?

Protein fragmentation
-protein separation by SDS-PAGE/2-DE
followed by in-gel digestion and MS analysis
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Cytokeratin-18 is cleaved during viral infection,
and fragments localize onto mitochondria

A

Mitochondrial protemes Mitochondria Cytoplasm

C“;'Im‘ C tplCVSVEMCV C t-pl:C VSVEMCV

: - g - .- - Cytokeratin 18
e -

T s

: T
i ¥ — - — +—fragment
' B Cytokeratin 18 mito-YFP Overlay

Control

10h t-pl:C

TVIASCOT STALCIT IKCSUITS. FIOCIT VIew Tage I 01

#eaie ) Mascot Search Results

Protein View

: PO5783|KLC18_HUMAN 5

Match to: B 927
Keratin, type I cytoskeletal 18 O

lomo sapiens GN-KRT18 PE-1 SV-2

Nominal mass (M): 48029; Calculate
NCBI BLAST search
o ratted o=

Cleavage by T
Sequence C

KR unless next residue is P

101 LETENRRLES KIREHLEKKG PQVRDWSHYF KIT

Based on 2-DE and MS data:
151 VLQIDNARLA ADDFRVKYET ELAMROSVEN DIHGLRKVID DTNITRLQLE .
sy = N-terminal fragment of the

251 DIRAQYDELA RKNREELDKY WSQQIEESTT VVTTQSAEVG AAETTLTELR

301 ENSLREVEAR ME: .LHLESEL - B -
351 VKLEAETATY RRLLEDGEDF NLGDALDSSN identified protein
401 SMOTIQRTTT ETNDTEVLRE

Show predicted pepides also

SoriPepiidesBY | @ Residue Number C Increasing Mass C Decreasing Mass

start - End Observed  Mr(expt) Mr(calc) Delta Miss Sequence
7-14 488.2270 974.4394 974.4458  -0.0063 0 R.STFSTNVR.S
7-14 488.2307  974.4468  974.4458 0.0010 0
7-14 488.2311  974.4476  974.4458 0.0018 0
7-14 488.2316  974.4486  974.4458 0.0028 0
7T-14 488.2481 974.4816  974.4458 0.0358 0
15 - 45 952.1442 2853.4109 2853.4005 0.0103 0 I (ZIons
56 - 81 765.0267 2292.0581 2292.0838  -0.0257 0 2 oxida
56 - 81 765.0359 2292.0858 2292.0838 0.0020 0 2
56 - 90 846.6393 3382.5279 3382.5552  -0.0272 1 LNDR..L
56 - 90 1128.5232 3382.5479 3382.5552  -0.0073 £ SINDR.L
o1 - 97 419.1995  836.3845 836.4392  -0.0547 0
o1 - 97 419.2254 836.4362 836.4392  -0.0030 0
o1 - 97 419.2257 836.4368 836.4392  -0.0024 0
oL - 97 419.2261 836.4377 836.4392  -0.0015 0
100 - 107 502.7557 1003.4969 1003.5046  -0.0077 1
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Post-translational modifications

AN Mascot Search Results

= TAP-tag purification of protein complexes,
B L i "™ on-beads digestion with double enzyme,
Pized modifications Carbamidomechyl (C)

Vaxisble modifisatices - Ouidsticn () Phosphe (ST), Phespho (¥}
Hone:

first LysC 2h, then trypsin o/n

sian (Baler's jeart)  e—

5 amvitesminasics provein nusG - Zscherichia celi (sssaim KT

aviziae (Bakes's yease
charsmyses sesevizise (Bakes's yeass
sapreas
sevein L3 - Sacchazemyee

avisian (Baker's yeavs

7 1-cea
EFLA PLAYE Eiongavion facver i-alphs -

Thailand:

SIIS_GIGAR Fremssie RS —— g peprisase -
Select Summary Report
FomatAs | Seect Sammary iorcren s ] Eels

usenie - ———
ciparum (isslase KL

Siguificance thresbold p- 055 Max. maber of bits fOTO
Standard scoring © MudPIT scoring # lons score or expect cut-o#f o Show subsets B
Showpop-ups # Suppress pop-ups ©  Sort unsssignad Deereasing Seare Require boid red ®

Y Mascot Search Results

Protein View

Mazzh ze: KINZ_YEAST 3cors: 791
Serine/threonine-protein kinmase KIN2 - Saccharemyces cerevisiae (Baker's yeast)

¥ominal mass (¥, : 128601 Calculated pI value: 9.43
NCBI BLAST search of KIN2 YEAST against
Unformatted seguence ssring for pasting

© other applicaticns

T p: 8 zes carswisize

Fixed modifications: Carbamidomethyl (C)
Variable medifications: Omidasion (M),Phosphe (ST),Fhospho (Y)
Cleavage by Trypsim: cuts C-term side of KR unless nexe residue is §
Sequence Coverage: 33%

Matched peptides shown in Bold Red

1 MPNPNTADYL
51 RNDQOOAPLE
101 VG
151 s
201
251 I
301
351 ISLLTRMIVV
401 DSQVLEEMYR
451 SSSLKNNYLN
501 IYHLVSEMVA
551

VHPHFRTSEG
PPADIKQGKE
GKVELVKERQ
EKEIARDERT
LDYIIQHGS

EIX
VLYVLVCGE
DFLRRATLIN
LEFIDDIEDT
STAQQTLIGH
REKLAKLORRQ
KEVVENEGIF

L
FGLS KIF]

GSLSPTPEAF
QRAQRQNIAZ

RRSLIRLVTE KEYTQLSQEY
HITSNPSQSG YNEPDSNFED
ALALQAQAQQ RQGQQQVALG
QVPAIGTSGT SNNTHTSNKP

DI
601 TIPEQAETISE
651 EXNTIGGIFR
701 ESRTISDYIP
751 PALPQNAELI
801 YLSVFKGRXL
851 GEANKERYNP
901 SKAPPGSMPS

TSRKSSDIHT
RISQSGESCE
SARRYPSYVP
VOKQRQRLLG
HESARRKSVG
VSSNFSTVEE

ELNGVLESTE VEVSGEYQOR
PTRQQEPLPE REFPTYMSKS
HSVDVEQKER KNTTIAPRIR
ENLDKLQIND NDNENVHAVY
HARRESLKFT REPIFAALPP
DSTTYSNDIN NRLTSVYSQE
GFFSVQTITA

-]
-]

951 FEEVEGGEIC
1001 SYHSTAS3AS

RNSIIKRQGS

AVFVITTTGYV GLDSGKAMDL
YERGQWNIPL TPLATNTHQR

1051 NGT 26

LSSMSLDYVQ

QUDILT AQNTRNVNGD

1101 ERFFIKFEIR

IVKVRIVGLA

e S S s

GVAFKKVSGN TWLYKELASY

LRMMGKQEGP
FHRRSLGDWE

PELLEAQPYT
DYPSHLSIEY
WRVFLTPEMI
WDKLENAKGL
PTLAYEPLLS
TKVALNNNSP
FLEVMVEEEL
SASFVVGEZEQ
HEISIXVERS
SVSQEQNSDL
DGINNDNSDE
SIMININGTL
LTZKQILEEA
ISVLTRMNID
QHSLDIQLSS
NSSIPMIPNY
TEQINTSGIK
KELNL

Iu
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Stare End Observed Mr(expt) Mr (cale) ppm Miss
866.4372 1730.8598 1730.8376 13 0 M _PNPNTADYLVNPNFR.T (Ions scoze 82)
774.8776 1547.7406 1547.7216 12 0 K.GGSLSPTPEAPNDTR.V (Ions scoze £6)
833.4293 1664 8441 1664.8152 is 0 R.NDQCQAPLMPPADIK.Q & )
447.2544 §92.4942 892 4767 20 0 K.QHSLPSFK.N (loms scoze )
487.2387 972.4629 972 4430 21 ¢ K.QESLPSPK.N Phospho (ST) (loms score §)
495.2514 988.4883 988 .4825 6 ©® K.NESEILER.Q (lIoms score 635)
427.8004 1200.6435 1280 27 @ K.NVVERPMMNR.G
452.2459 $02.4773 202 18 0 K.APSYVEWR.V
TE5.4454 1568.8843 1560 23 o R LTPEMIDSQVLK.E
507.9303 1520.7631 1520 15 1 R.LEFIDDIEDTRR.S
801.3818 1600.7431 1600 L] 0 K EYIQLSQEYWDK.L
663.3760 1324.7375 1324 12z 0 R.QALALOAQAQOR.Q
700.8656 1415.7166 1415. 1] 0 K.VALNNNSPDIMTK.M (lons scoze
716.9680 1431.7215 1431. 13 o Cxidasien (M)
$13.2744 1536.8014 1536 L] o K. iZsns asoze 2
T24.3667 1446.7185 1446, 6 o K. (Iops scoze 32)
634.3262 1266.6378 1266. 14 0 R.SASPVVGEREQEK.N (Iona acoxe 44)
423.2242 1266.6507 1266 24 0 R.SASPVVGEHQEK.N (Ions score 53)
674.3103 1346.6061 1346 14 0 R.SASPVVGEEQEK N Fhospho (ST) (Ions acore 81) G
439.2546 B76.4946 876 1s 0 K.NTIGGIFR.R lons scozre 31
S61.7996 1121.5847 1121 12 0 R.TISDYIPSAR.R (Ions sc:
S$09.6109 1522.8110 1522. 22 1 R. VK.Q (Ie:
491.7939 981.5732  98L. 13 [ I ¢ iIens score 2d)
969.5486 1977.0826 1977 15 0 K.QNSDLPALPONAELIV .0 (lons sceze
1032.1285 30933637 3093. 3 1 K.ERYNPVSSNFSTVPEDSTTYSHDTNNR.L
699.3609 1396.7073 1396 -1 ° LTSVYSQELTEK.Q (Ions acoze €3
459.2582 916.5018 916 17 © K.QILEEASK.A (loms score 42)
680.3405 1358.6664 1358. ] 0 K.APPGSMPSIDYPK.S (Lo sci
688.3393 1374.6640 1374, 1 0 K.APPGSMPSIDYPK.S Oxidation (M) (JZgas sceze 27)
526.8238 1051 1051. pi] 0 R.ENTISVLTR.M (I 53)
677.7172 2030 2030 26 1 K.RSQNNIPLTPLATNTEQR.N (Ions sceore
S$00.5410 2030 2030 Fil 1 K.RGONNIPLTPLATNTECR.N (Ions score
1066.0333 2130 2130 10 0 R.AQNINNVNGQTEQTNTSGIK (Iona scoze 127)
443.2667 884 004, 1 ] 0 K.FEINIVK.V b <
520.823% 1039 1033 15 o R
$34.2873 1066 1066, 1s o K.
460.7756 935 935. 4 e K.
i
y KIN2 phosphopeptide
- k4
F = b
- g & = &
N = =
2 & 4 0
3 Be & P .
- Tio8
E: & Ha I '
g A = :
& owl il = '
il 2 3 :
B % ERE] :
[ #: a3 1

Monoisotopic mass of neutral

Fixed modifications:

Variable modifica
s3 : ospho

# b b* [ b? b fSeq| ¥ s : yatr ad il s
1| 88.0393 700287 35.5180] S

2] 159.0764] 80.0415] 141.0639] 71.0366] A [1162.5851]581.7962 1144.5745[5

3] 228.0979[114.5526 210.0873[105.5473] S [1091.5480[546.2776] 1073 5374[537.2724]10
4] 325.1506[163.0790] 307.1401]154.0737] P |1022.5265]511.7669|1005.5000 1004.5160]502.7616] 9
5] 424.2191]212.6132] 406.2085]203.6079] V | 925.4738]463.2405| 908.4472]|454.7272] 907.4632{454.2352| 8
6] 523.2875[262.1474) 505.2769]253.1421] v | 826.4054[413.7063 | 809.3788]405.1930] 508.3948]404.7010] 7
7| 580.3089|290.6581 562.2984]281.6528| G | 727.3369]364.1721] 710.3104]355.6588| 709.3264]355.1668] 6
8] 709.3515[355.1794] 691.3410]346.1741] E | 6703155335 6614] 653.2889[327.1481 652.3049[326.6561] §
9] 846.4104]423.7089| 828.3999[414.7036] H | 541.2729|271.1401| 524.2463]|262.6268] 523.2623[262.1348| 4
10] 974 4690]487.7381| 957 4425]479.2249| 956.4584{478.7329| Q | 404.2140|202.6106| 387.1874|194.0974]| 386.2034{193.6053| 3
11[1103.5116 1086.4851|543.7462]1085.5010[543.2542] E | 276.1554]138.5813] 259.1288]130.0681| 258.1448[129.5761] 2
12 K | 147.1128] 74.0600] 130.0863| 655468 1
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De novo sequencing

De novo =peptide sequencing performed without
prior knowledge of the amino acid sequence

-if enough material is available classical Edman
degradation is still a vey good method

-partial peptide sequencing is possible based
on MS/MS data

Ys RE b4l

N R
: : ~C-

=lolx|
=18]x|
18] x|
Sequence. #]_Score [ Jant rob | Prob ()] Calcltedttw ] || Observed MW 11935590 charge state: 1
RONLTOAPHK T s 11936040 W 030 o 0750
AONLLTOAPHQ 1 1193.5676 (+) C rylamide (+) Methionine Sufoxide (+) Carboxymethylcysteine (+-)
Kl |
1005
123 ! G
100 - 143
v
v
68835
01 12
3
227
v
0621
ad
32| A
[
41421
b 7342
- wist e
9929 579, e
a5
5260
73708 | e o 128933
il bl \Jm‘.wm \AM‘. 7% Lk “9“5‘1 10852 Lignsesrsse T 129939
100 150 200 20 300 | 30 400 450 S0 550 600 50 700 | 750 G0 G0 90 90

1000 1050 1100 1150 1200 1250 1300
Ready. i
Hstart]|| (2] @ 3 || Fmsetyr -cerainr-os. | [Erepsea- 597051 AT s
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Publishing protein ID data

-most biological journals do not have any
guidelines yet

Mat+Met:
-MS instrument, identification type

-data acquisition+processing software
-database search engine

Results: Table from ID results

Fold Protein Access no. Identification No. of peptide Sequence Mowse Theoretical

Biological
Protein name difference _number “SwissProt _NCBInr type matched  coverage score MW ol process
Upregulated proteins
14-3-3 protein sigma (epithelial cellmarker 1/ stratifin) x 73 P31947 187302  LC-MS/MS 10 2% 216 27873 4,72 Signaling
cytokeratin 13 (frag.) P13646 34033  LC-MS/MS 1 2% 142 49956 4,87 Structural
14-3-3 protein sigma (epithelial cellmarker 1/ stratifin) x 12 P31947 187302  LG-MS/MS 12 39 % 444 27873 472 Signaling
cvtokeratin 13 (fraa.) P13646 30377  LC-MS/MS 1 2% 372 46179 483 Structural
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Why Have Guidelines?

« Large-scale proteomics studies create huge amounts of data.

+ [tis impossible/impractical to present all the results.

* The function of the guidelines is to:
* Provide enough information to be able to explain the experiment.
+ Provide an assessment of the reliability of the results

+ Provide the data that supports the results, particularly those that
have the greatest potential for mis-interpretation, so the readers can
manually assess the results that are important to them.

The Problem

* Proteomics experiments are carried out by many different methods,
using a variety of instrument types and employing different analysis
tools. Hence, many experimental and analysis parameters need to be
reported and the parameters required will differ depending on how the
experiment was performed and analyzed.

In the experimental section:

Peak Picking Software

+ Name of peaklist-generating software and release version
(number or date)

The raw data acquired by the mass spectrometer is converted into a
centroided peaklist file for database searching. The program that
performs this can do many things, such as:

* Remove peaks that are below a certain intensity or signal to noise
ratio,

* Require peaks to have a certain resolution in order to make the list;

« Set a threshold for the maximum number of peaks within a mass
range;

+ Assign a charge state to ions;

*  Merge together MS/MS spectra that have the same precursor mass

In the Experimental Section
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[n the Experimental Section

Peak Picking (cont'd)

+ Parameters used — default vs altered

+ Using different peak picking software / parameters will change the
subsequent database searching results, so it Is necessary to report
the software used for peaklist generation and parameters used.

Examples of software

+ Extract_msn in Bioworks 3.0 (Thermo)

+ Mascot.dll v1.6b19 (Applied Biosystems)
+ DataAnalysis 3.2 (Bruker)

+ Mascot Distiller v2.1

+ As many people use default parameters for whatever software they
use, by specifying the version of the software it can be sufficient to
state that the default parameters were used.

[n the Experimental Section

Search Engine

+ Name of the search engine and release version (number
or date)

+ Search engines change over time:
+ Animproved scoring system may be implemented.
+  New ways to filter the results may be included

Hence, the version number of the search engine is important.
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In the Experimental Section

Database Search Parameters

Enzyme specificity considered

# of missed cleavages permitted

Fixed modification(s) (including residue specificity)
Variable modification(s) (including residue specificity)
Mass tolerance for precursor ions

Mass tolerance for fragment ions

Search engines work by:

1. Determining a list of potential peptides from a database that can
be formed by the specified parameters and have the correct
precursor mass.

2. Determining scores for the matches of the fragment peaks to each
of these peptides

Changing search parameters will change the number of the potential
hits.

For software using probabilities or Expectation values (E-values) for
scoring, 1t will change the scores.

[n the Results Section

Single-Peptide-Based Protein IDs and PTMs

« For each protein or site, a MS/MS spectrum appropriately

labeled should be included, with masses detected as well
as fragment assighments

Itis recognized that properly labeled spectra are not always readily
produced.
Other acceptable options (in order of preference)
+ Two copies of the same spectrum/page — one labeled with the
masses, the other with fragment assignments;
+  Spectrum labeled with masses, accompanied with a Table of the
fragment assignments;
+ Fragment assignments provided by the search engine in the
spectrum and corresponding masses highlighted in a Table of
thearstical fragments (e g Mascot results output)

These files can be quite large. If there are large numbers of spectra it 1s
often easier to split them between multiple files. We suggest to not
include data on more than 50 proteins in a single file.
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Example Presentation of Spectrum of a
Single-Peptide-Based Protein |D

{Abs, It * 1000]
a + ¥ -

E 1 870715

B | —A A—i ¥

B R i F + #
o
= ED
E - YEAANFR
b5 45
%) sequence - 3
2 CID of MH 8704

mass detected
75 40
w 2
8 - precursor ion
= | 4214
5 2 ASSIGNMENE e O
(a4 25 3:351‘ e
W | i
= 20 253269 407 635
— b2 a4
ot
| = ”3'?50 265150 435560
| L ¥3 578 716
"0 |
19624 TE
08 W |
i | 1)
- LIk ,_,J_J_..”;N.‘L‘lm.-iw«- W'WW»J-AW‘-..M,,.. it s
“we aw 3 4w s® ew om0 e s
mz

These guidelines will be continuously adjusted to the ever changing
needs of the proteomics field.

As software improves to become easier to output results info compliant
formats, it will become easier to properly present proteomics data in any
forum.

As common formats e g mzML, AnalysisXML, become universally
available, tools will be produced that will be able to automatically extract
the relevant information from raw data and search results.

Once these formatting problems are solved, journal submission
guidelines for proteomics data are expected to become similar for all
journals.

Making raw data publicly available i1s going to become more common.
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