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Proteomics:

Proteome=Protein + Genome

the large-scale study of proteins, particularly
their structures and functions.

Why are proteins important:

*The major elements of most cellular structures
‘Perform most cellular functions

*Targets of drugs/toxicants



What

Protein Interaction Analysis

Protein Profile Analysis

Can Proteomics Do
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Traditional Methods for Proteome Research

'SDS'P'?GIIED 4 ecul aht and/ .SDS-PAGE alone can track the
-separates based on molecular weight and/or  5nhearance, disappearance or
isoelectric point molecular weight shifts of proteins,
.10 fmol - > 10 pmol sensitivity but can not ID the protein or measure
_Tracks protein expression patterns the molecular weight with any
accuracy

.Protein Sequencing .Edman degradation requires a large
-.Edman degradation or internal sequence amount of protein and does not work
analysis on N-terminal blocked proteins

_ Western blotting is presumptive,
Immunological Methods requires the availability of suitable
-Western Blots antibodies and have limited

confidence in the ID related to the
specificity of the antibody.



Proteome Research by Mass Spectrometry

(M+2H)*2
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High throughput
Sensitivity
Accuracy
Specificity

Measure M.W. of the protein/peptide
Sequence amino acid sequence of protein/peptides



Proteomics by Mass Spectrometry

Protein Chemistry

Mass
Spectrometry

Protein ID(s)

PTM(s) .

Quantitation /

Computing (+ Bioinformatics)



Sample isolation/clean-up

Protein Chemistry

Sample purification

. Protein

fractions
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All types of hardware used in proteomics
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What Can Mass Spectrometry Do for Proteomics

Molecular weight measurement of the protein/peptide
Protein Identification/Confirmation

Protein Identification/PTM Investigation
Global Digestion/LC-MSMS/Bioinformatics
Fractionation/Digestion/LC-MSMS/Bioinformatics

Quantitative Proteomics
Gel-Based Technique
— DIGE

Non Gel-Based Techniques
—Isotopic Labeling Techniques:
ITrag/SILAC/180, 15N. 2H Labeling
—Lable Free Quantitation:
Spectra Counting/Peak Area/EmPAI

MALDI Imaging



TOP DOWN
\

MS/MS

Peptide Fingerprinting
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Measure protein

Positives:

fast experiment, observe
changes in protein mass
Negatives:

not good for protein id
due to resolution & PTMs,
requires clean sample

Middle Down
Botto/(n Up

i~

2
:,

| Ms/Ms

|;r'"

{

Measure peptides

Positives:

fast experiment, identify
proteins & PTMs
Negatives:

not good for mixtures of
proteins, confidence in
identification not ideal

<ET 1

Measure fragments

Positives:

identify protein & PTMs,
high result confidence.
Negatives:

longer instrument time,
longer database search



Molecular Weight Measurement of the Protein

16950
(M+H)*
MALDI of Myoglobin
(M+2H)*2
Electrospray of Myoglobin
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Sequence of Myoglobin
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Protein Identification by Top Down MS/MS
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Protein Identification by Top Down MS/MS
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Middle Down

A A GluC Cleavage GluC Cleavage
A A A A
24 4,4 4 ah A A ﬁ‘ l A l A
m a9 =
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PP

A A methylation < acetylation
- 'YTEHAKRKTVTAM DWYALKRQG RTLYGFGG v _
mm citrullination @ phosphorylation

Why Middle Down:
simplifies the complex mixtures offered by bottom up strategies
while avoiding the diminished performance of top down experiments



51
101
151
201
251
301
351
401

MNSGHSFSQT
SCPPPGGSWG
ESRILKWHQQ
RMAVDDEFNLK
KELILMKKHH
I IKKKHRDLD
LQTQYSTKSA
NNEYQVLLGI
ITQETINGRL

Bottom Up

PSASFHGAGG
SGRSSPLLGG
RDPGSKKDYS
YENEHSFKKD
EQEMEKHHVP
TWYRKEQSAAM
LENMLSETQS
KTHLEKEITT
VLCQVNEIQK

GWGRPRSFPR
NGKATMQNLN
QYEENITHLQ
LEIEVEGLRR
SDENVNVKVD
SQEAASPATV
RY SCKLQDMQ
YRRLLEGESE
HA

APTVHGGAGG
DRLASYLEKV
EQIVDGKMTN
TLDNLTIVTT
TGPREDLIKV
QSRQGDIHEL
EIISHYEEEL
GTREESKSSM

m/z
924.5149
1050.5439
1078.6255
1090.5375
1095.5905
1108.6374
1244.5477
1360.7141
1390.6995
1494.8097
1584.9220
1972.9869
2277.1279
2673.2124
2790.4785
2833.5088
2856.3543
2870.3261
3332.6315
3368.6467

Sequence
SISLSFTTRS?
IAPTVHGGAGGAR*2
SLASYLEKVR®!
STALLEGESEGTR383
284QGDIHELKR?292
104 L KWHQQR"1
51SCPPPGGSWGSGRS®3
235SEDLIKVLEDMR?45
ZALEEANMKLESR103
410 VLCQVNEIQKHA#%22
246QEYELIIKKKHR?257
64SSPLLGGNGKATMQNLNDR?2
1B TLDNLTIVTTDLEQEVEGMR?200
TMNSGHSFSQTPSASFHGAGGGWGRPR?¢
3S0QNNEYQVLLGIKTHLEKEITTYR372
BIEESKSSMKVSATPKIKAITQETINGR4%°
322YSCKLQDMQEIISHYEEELTQLR3#
258DLDTWYKEQSAAMSQEAASPATVQSR?283
293TFQALEIDLQTQYSTKSALENMLSETQSR3?!
152MAVDDFNLKYENEHSFKKDLEIEVEGLR17?

ARISLSFTTR
RALEEANMKL
AQIILLIDNA
DLEQEVEGMR
LEDMRQEYEL
KRTFQALEID
TQLRHELERQ
KVSATPKIKA



Data Analysis for Peptide Mass Mapping

~

Jn\ 2,

o

protein peptides

MS Peptide MW
Found in Selected

Databases

NDALYFPT... '
SWDLTAL...

PTDLDVSY...

identify

rank

 Important data

multiple peaks
mass accuracy

confirming information
(pl, approx. mass,
organism, etc.)



.Cut protein into manageable pieces for the mass
spectrometer to analyze.

1 MKWVTFISLL LLFSSAYSRG
71 TEFAKTCVAD ESHAGCEKSL
141 PDPNTLCDEF KADEKKFWGK
211 KVLTSSARQR LRCASIQKFG
281 ADLAKYICDN QDTISSKLKE
351 GSFLYEYSRR HPEYAVSVLL
421 LGEYGFQNAL IVRYTRKVPQ
491 PVSEKVTKCC TESLVNRRPC
561 KATEEQLKTV MENFVAFVDK

Bovine Albumin

VFRRDTHKSE ITAHRFKDLGE EHFKGLVLIA
HTLFGDELCK VASLRETYGD MADCCEKQEP
YLYEIARRHP YFYAPELLYY ANKYNGVFQE
ERALKAWSVA RLSQKFPKAE FVEVTKLVTD
CCDKPLLEKS HCIAEVEKDA I1PENLPPLTA
RLAKEYEATL EECCAKDDPH ACYSTVFDKL
VSTPTLVEVS RSLGKVGTRC CTKPESERMP
FSALTPDETY VPKAFDEKLF TFHADICTLP
CCAADDKEAC FAVEGPKLVV STQTALA

FSQYLQQCPF
ERNECFLSHK
CCQAEDKGAC
LTKVHKECCH
DFAEDKDVCK
KHLVDEPQNL
CTEDYLSLIL
DTEKQIKKQT

DEHVKLVNEL
DDSPDLPKLK
LLPKIETMRE
GDLLECADDR
NYQEAKDAFL
I KQNCDQFEK
NRLCVLHEKT
ALVELLKHKP

R 927.486 161-167 YLYEIAR
. 1050.485 588-597 EACFAVEGPK
7 1282.703 361-371 HPEYAVSVLLR
—
1305.708 402-412 HLVDEPQNLIK
1439.504 360-371 RHPEYAVSVLLR
1478.788 421-433 LGEYGFQNALIVR
1567.735 347-359 DAFLGSFLYEYSR
1639.931 437-451 KVPQVSTPTLVEVSR
1667.893 469-482 MPCTEDYLSLILNR
1823.892 508-523 RPCFSALTPDETYVPK
2045.021 168-183 RHPYFYAPELLYYANK
2506.243 469-489 MgoxPCTEDYLSLILNRLCVLHEK




Peptide Mass Mapping

Intens. [a.u]

927.486 161-167 YLYEIAR
1050.485 588-597 EACFAVEGPK
1283.703 361-371 HPEYAVSVLLR
1305.708 402-412 HLVDEPQNLIK
1439.504 360-371 RHPEYAVSVLLR
1479.788 421-433 LGEYGFQNALIVR
1567.735 347-359 DAFLGSFLYEYSR
1639.931 437-451 KVPQVSTPTLVEVSR
1667.893 469-482 MPCTEDYLSLILNR
1823.892 508-523 RPCFSALTPDETYVPK
2045.021 168-183 RHPYFYAPELLYYANK
2506.243 469-489 MoxPCTEDYLSLILNRLCVLHEK
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l.rg: University of Calforia, San Francisco | About UGSF | Search UGSF | UCSF Medical Center

& | MS-Fit | M5-Tag | MS-5eq | MS-Pattern | MS-Bridge | MS-Digest | MS-Product | MS-Comp | DB-Stat | MS-lsotope | MS-Homoloay

ome | MS-Fit | MS-Taq | MS-Seq | MS-Patter | MS-Bridae | MS-Digest | MS-Product | MS-Comp | DB-Stat | MS-Isotope | MS-Homology

MS-Fit Search Results

[+] Parameters

[+] Pre Search Results (SwissProt.2013.6.27)

User Protein

Database NCBInr 20136.17

== |NCBInr.2013.6.17 random
NCBInr 2013 6.17 random concat

[+] User Protein Sequence

Fraction-Spot-Run ID: 1-1-1
MS-Fit search selects 69 entries (results displayed for top 5 matches).

Digest Max. Missed Cleava es

[-] Results Summary

BOTHROPS INSULARIS

: . Acetohydrazide (C-term)
DNA Frame Translation N Term AA Limit I:I Acetohydrazide (DF) A 4o
ARCRAEOGLOBUS FULGIDUS Constant | Acety (K) Protein MOWSE #mat % % 'ror U # Hom M-Digest Protein MW Accession .
BACILLUS SUBTILIS A Mods  |Acetyl (N-ferm) Number SCO7E Yomat Cov TIC - Prot Index#  (Da)/pl # °F
BACULOVIRIDAE Acetyl2H(3) (K v 52 pks
Taxonomy | enooe’ s 8 RGOORFERI Acet%:?H}J”N)-term) 1 2571309/9/17 160972000579 00317 No 12311 69204/58 PO2760 BOVIN Serum albumin

5061 4/4/8 26.5 7.7 0.0151 0.0263 HNo 70806
3 894 4/4/8 10.2 7.7 0.0128 0.0837 Ne 253729
4 477 5/5/10 7.0 9.6 -0.0113 0.0735 HNo 41280

16327/9.1 (05B52 BOVIN Ubiguinone biosynthesis protzin COQ4 hamalog, mitochondria

22324/5.1 02YDP3 BOVIN Dri-associated coreprassor
73414/7.0 Q58055 BOVIN Befz-galactosidase

Output [HTML V| Hits to file [ Name stes 5 365 4/4/8 5.6 7.7 -0.0100 0.0688 MNo 102272 85804/5.1 08SOBS BOVIN Integrin bete-§
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Start Search
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Maximum Reported Hits Peptide N-terminal Gin to pyroGlu .
sort By ]—|5cnre S Possible ﬁuM B [-] Detailed Results
. ificati ratein N-teminus Acetylate

Report Homologous Proteins |Interesting v Modifications hcrviamide Modifed C g v 1. 9/52 matches (17%).
Min. # peptides reguired to match 1 L Acc. #: P02769 Uniprot ID: ALBU_BOVIN Species: BOVIN Name: Serum albumin

* User Def Mod 1 |Acetyl (K) v Organism: Bos taurus Gene: ALB Existence: Evidence at protein level Version: 4
Report MOWSE Scores Pfﬂctor User Def Mod 2 [Acetyl (K) v Index: 12311 MW: 69294 Da p[' 5.8
Masses are monaisolopic ¥ M Acetyl (K) v Su:rl::ted M::ll:ihed Inlenslt"I Madifications Start End Cl:;svs:gdes Sequence
Tol065 [[e Visyskr) | \User Def Mod 4 Acetyl (K) v 527.4860 927.4334  100.0-D.00744 161167 0 (KYLYEIAR(R)

OR ‘ 11635996 11626307 100.0 -0.0311 6 75 0 (K)LVUNELTEFAK(T)

Contaminant 1283.7030 1282.7106  100.0-0.00765 361371 0 (RJHPEVAVSVLLR(L)

Masses Unknown Amino Acid [] Single Base Change (] Homology [ 1305.7080 1305.7161  100,0-0,00813 42412 0 (KJHLYDEPQNLIK(Q)

Max Mods Min. # match with NO AA subs 1479.7880 14727954 100.0-0,00744 21433 0 (KILGEYGFONALIVR(Y)
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vl o

23134455 A Num Unmatched Masses: 43
1.a3'753 Search for disulfide linked peptides.
1;55'73a Do a non-specific deavage search.
1439, 514 Search for another component.
1478 788

The matched pept\des cover 18.0% (109!60?‘AA s) of the protein.

Thio i faac ! 4




Human Albumin

MKWVTFISLL
ESAENCDKSL
KYLYEIARRH
ARLSQRFPKA
EMPADLPSLA
FKPLVEEPQN
LNQLCVLHEK
PKATKEQLKA

m/z

FLFSSAYSRG
HTLFGDKLCT
PYFYAPELLF
EFAEVSKLVT
ADFVESKDVC
LIKQNCELFE
TPVSDRVTKC
VMDDFAAFVE

Missed
Cleavages

°
4013.599(
41.6939
49.5759

1352.7685

523.9581

898.9952
898.995

0
1
1
1
0
2.6661 1
1
0
1
1
1

VFRRDAHKSE
VATLRETYGE
FAKRYKAAFT
DLTKVHTECC
KNYAEAKDVF
QLGEYKFQNA
CTESLVNRRP
KCCKADDKET

Sequence

VAHRFKDLGE
MADCCAKQEP
ECCQAADKAA
HGDLLECADD
LGMFLYEYAR
LLVRYTKKVP
CFSALEVDET
CFAEEGKKLV

S89ETCFAEEGK®

599 VAASQAALGLS™

S89ETCFAEEGKK®®

S98KLVAASQAALGLS?®

25DAHKSEVAHR3

SSLVNEVTEFAK™

497VTKCCTESLVNR%

42TEQNALLVRYTK*¥

38DVFLGMFLYEYAR?36°

3%2HPDYSVVLLLRLAK®"®

169RHPYFYAPELLFFAK'®?

ENFKALVLIA
ERNECFLQHK
CLLPKLDELR
RADLAKY ICE
RHPDYSVVLL
QVSTPTLVEV
YVPKEFNAET
AASQAALGL

FAQYLQQCPF
DDNPNLPRLV
DEGKASSAKQ
NQDSISSKLK
LRLAKTYETT
SRNLGKVGSK
FTFHADICTL

EDHVKLVNEV
RPEVDVMCTA
RLKCASLQKF
ECCEKPLLEK
LEKCCAAADP
CCKHPEAKRM
SEKERQIKKQ

TEFAKTCVAD
FHDNEETFLK
GERAFKAWAV
SHCIAEVEND
HECYAKVFDE
PCAEDYLSVV
TALVELVKHK

MS alone CAN NOT distinguish peptides of

similar molecular weight.
®post-translational modification.
®@sequence coverage determinations
difficult.
o®the identification of more than one
protein in a sample impossible.

®Mass accuracy requirements

""HPYFYAPELLFFAKR'8*




LC/MS orLC/IMSMS>

@ Peptides with different m/z
Mixture of Peptides

o3 ..J_

a

m/z a ‘

m/z b ‘
m/z ¢ QD

Retention Time

ijlfision induced dissociation
(CID)

v




Tandem (MS/MS) — Peptide Fragment Analysis

:’{'? LC

e * — (HPLC Of  e—— MS-MS

N
” packed
e {%' capillary)
Protein Peptide
1 "..'lllll A 1 I
— Fﬁl‘ ‘ — ’E}r e % -
MS #1 Dissociate MS #2
Isolate CID Analyze

SID



LC/MSMS

#. b Sea. y # LR T AL 5 B
1| 58.0287 G 13 =
2| 1711128 L |1362.7515/12 =
3| 284.1969 L 1249.6674|11 E
4| 4132395 E |1136.5834 (10 . T
5| 528.2664| D |1007.5408| 9 a
6| 641.3505 L | 8925138| 8| _ Ié
GLLEDLGYDVVVK <«— 7| 698.3719 G | 779.4298| 7 =
8| 861.4353| Y | 722.4083] 6 -
\ 9| 976.4622| D | 559.3450| 5 e L
CASP4 MOUSE 10/1075.5306| V | 444.3180| 4 ; Lmr .H |
Caspase-4 11117455990 Vv | 345.2496/ 3
0S=Mus musculus 12|1273.6674| V | 246.1812| 2
13 K | 147.1128

_~T S0.00 - 100.00
i 3 Sa=r

Ase Paaic
3“61 A= T

" FA.T= ST
== s AT

rs.ss =023

TaaAS = =0. 32
=65 77'1-,—7_,3 ==
Ts.=A - S5 .50

I S0 ss.ss
o= b e
| ‘ o

l
|
/i |l wll

=20.s1
} | | 2o =7 e ety S7.01
L i

as
=a.a= N 3 S7 a0
| \ I




MSMS Fragments and Different
Fragmentation Technique

S"’xn_1s"’yn_15"'zn_1so-oxn_2Eoouyn_2Eo.ozn_z Eooo x1 E". y1 S... Z1

Ro iRO: { RO RO
I1: 1l : P2 i 1 I N | I E Il n

H;N—CH=C +N=C~C— .. =N~ C+ C + N-C- C™-OH
H (H:H! | H H i{H:

a i byt cpd asii bouli Coi @ qeibggeiCpgld

CID: a, b and y ion, loss of H20, NH3, side-chain
PSD: a,bandyion

IRMPD: b andy ion, loss of side-chain

ECD: c,y and z ions

ETD: c,y and zions



Sequence Nomenclature for Mass Ladder

I|£ I|-I (”3 b,-b,=56Da + R, b,-b,=56Da +R,
H—N+—C—C—
o Group et b b b
Side:éain _1 _2 _3
Mass=56Da+R O O O O
H I lw v e v Il |H I
H-N (|) C—N (|3 C—N C|) C—TN (|3H C—OH
R, R, R; R4
Y3 Y2 Y1

Y;-¥,=56Da + R, y,-y,=56Da +R,




G L [LTE

3

b11

b12

I MEI

Kk

y11t—=y10
283.82 413.06 528.07 641.08 698.27 861.35 976.45 1075.51 1174.68 1273.72
b3 b4 b5 b6 b7 b8 b9 b11 b12 b13
129.24 115.01 113.01 57.19 163.08 115.10 99.06 99.17 99.04
Glu Asp Leu Gly Tiyr Asp Val Val Val
Iu L IJ‘I LJ._[...I...I.'l. Inl N .l L I. -JI
246.00 345.32 444.29 559.27 722.22 779.16 892.36 1007.39 1136.48 1249.63
y2 y3 y4 y5 yé y7 y8 y9 y10 y11
99.32 98.97 114.98 164.95 56.94 113.20 115.03 129.09 113.19
Val Val Asp Tyr Gly Leu Asp Glu Leu
|-|'|'|LI"I.'|-I-I'JL+L|“|'L"‘I' T=T1"1
200 300 400 500 600 700 800 900 1000 1100 1200 1300

m/z

™
1400



Data Dependent Acquisition and Dynamic Exclusion
Data Dependent Top5 Method

30143_WT_LEG #14457-14668 RT: 88.19-89.24 AV: 19 NL: 3.22E5
T: FTMS + c ESI Full ms [350.00-2000.00]

100

o5 3

20

85 2
649.66

E=Tel 4
75 5 997.60
7O

&5 6 36.a2
499.30 729.6

1o} 7
5 55 s58a.62

/ —
50 7581
as N—

ao

1

743.89

991.52

35

s6y | sez2z36| 4341 | N |1l | zss.e=
25

aas.1z2 1007.50
oo = 0 — 9T oss.9e

508.31

a
0

777777 1063.19
44444 104a4a.18

538.31 1163.58

8888888

44444

417 .92
L R ‘ L ‘ il hu\“\ L “\ H
Ly SO P R Y 01O 0 FPOE ' O S O W A V0 0 O WO TN PRI s O | 1 U U P i ot O i o W 0 O

a00 'ado 's6o 550 600 65 '7bo 750 800 850 900 950 1000 1050 oo 1150 1200

o
I3
o

MS Cycle: 0.06S
LC Peak Width >12S

Dynamic Exclusion

i

Make MSMS for the lower abundant ions possible!!

\H\ ‘;;“ Hlfﬂgm M f ““““ e bl A M LB LRI L TR




More Peptides Identified
Increase Confidence in ID

VFGTDMDNSR

— |IFDDSDQTK

.88

2

8.8 8

%

.88

» LVNLGK

£.8.8.3.7.8.8.832¢%

c 5 38R 88 & &8

QAEDVNLLDQMSK

If all of these peptides belonged to an
unknown protein, MS/MS could
potentially reveal protein identity



Data Analysis for MS/MS Method

E:
“’r'a‘g' % s MS/MS e ?

e

protein peptides / identify
rank
MS Peptide MW T
Found in Selected Cormbare -
Databases P R
NDALYFPT... m— l _’l
SWDLTAL... i
PTDLDVSY... AT I R

theoretical spectra



Database Searching

.Mascot
*16 node cluster for high-speed data processing

.Protein sequences are digested and fragmented In Silico which
produces an enormous peak list

.Raw MS/MS data is converted to a peak list and compared against
the In Silico peak list.

.Critical point of database searching

*The enzyme must work properly (no non-specific cleavage and missed
cuts)

*The mass accuracy limits must be set appropriately

*Any modifications must be accounted for (modified cysteine)

*The database must contain the protein



Mascot Database Search Engine

IS Mascot Daemon: Select Modifications

—— - = | B ]

Lcetyl [N-term]

Amidated [C-term)

r@l} Mascot Daesmon

Arvidated [Protein C-term)
Ammonia-loss (N-term C)
Biotin (k)

Biotin [M-term)

Carbamyl [K]

Acetyl [Protein M-term] ‘

2

File

Edit Help

Carbamyl [M-term]
Carboxpmethyl (C)
Cation:Ma [C-term)
CaticiNa [DE]
Cys-» Dxoalanine [C]

Status Event Log T azk Editar

cpsTHTEplex [C]
Dehydrated (M-term C)
Dehydra [C]

Dil eudplex [K)

— Parameter zet

T Parameter Editor L

DiLeudplex [M-term)
DiLeudplex [Y)
Dirnetiyl (K]

Filzrame: |h-1 ADaemontParametertsOrbitiaphha/I TH MOD

Dimethy! [R]
Dioxidation (M) 2

Mew | Dpen...l

[~ Show all modifications

Save |

B
K

[l

Fixed Modifications

Carbamidomethwl [C)

Warisble Madifications

Acetyl [K]
Deamidated [NG)
GlyGly (K]
Oiwidation (M)
Phospho (ST)
Phespho [1)

« | =]

— Al Searches

Pal

IJser name |Kari

I zer email |k|einh-:||2.1 @nsy,edu

Search tithe |tr_|,l|:u3ir'| full

B

— M55

M55 lons search | Data fomat IMasc:-:ut generic ;I

Error tolerant search [ M55 tal, i%) IDa ;I

Huantitation I Haone

[Rztrrment CI-TRAP

-]
=]

Enzyme Used

for orbitrap

Sabree_All -~
D atabase B Decoy database [ ags I kDa
Smansonisequence % o . &
: onoizotopic * Enzyme w
Fived |Carbamidomethyl [C] Average r L
—eelfiealicne M ax. mizzed cleavages I.d, vI
L Variable .gcet_l,ll_l:[IKE d NG i Peptide charge |4+ ;I
madifications GE‘aGrE: [E]E (B | . I . 20p m
Didation (M) Peptide tol. iw,,, ML vI1 5 ga for LTQ



MASCOT Results

[ MASCOT Search Results

User : Kari

E-mail : kleinholz.1@osu.edu

Search title : trypsin full

MS data file : \\filesrv\Mass_Spec\Data_New\Orbitrap TEST\071614\5TD_071614_B_xml.mgf
Database : SwissProt_ID 2014_06 (545,536 sequences; 194,023,197 residues)
Taxonomy : Other mammalia (13,066 sequences)

Timestamp : 16 Jul 2014 at 19:10:58 GMT

® All O Non-significant O Unassigned o[help] | Bxport | As [XML o

Mot what you expected? Try 2lthe select summary.

P search parameters
P Score distribution

}Legend

Protein Family Summary

Significance threshold p<  |0.05 Max. number of families |AUTO | Thelp]
Ions score or expect cut-off [0.05 Dendrograms cut at |0
Show Percolator scores |

Preferred taxonomy |All entries M

P Decoy search summary (reversed protein sequences)

J Proteins (17) H Report Builder H Unassigned (2249) ‘

Protein families 1-10 (out of 17)

10 V| per page 1 |M| | Expand all | | Collapse all |
|Accessi0n V|| contains V|| || Find |
@ T 1 MYG_EQUBU 2474 Myoglobin 05=Equus burchelli GN=MB PE=1 3v=2
-I |_ 2 MYG_KOGBR 4972 Myoglobin OS=Kogia breviceps GN=MB PE=2 5V=3
T T T T | 3 MYG_PHYCD 317 Myoglobin OS=Physeter catodon GN=MB PE=1 SV=2

=2

40
30
20
10




MASCOT Results

vy 1 MYG_EQUBU 2474 Myoglobin O5=Equus burchelli GN=MB PE=1 SV=2
loading...
2 MYG_KOGBR 492 Myoglobin OS=Kagia breviceps GN=MB PE=2 SvW=3
-I 3 MYG_PHYCD 217 Myoglobin OS=Physeter catodon GN=MB PE=1 SV=2
| I
T T T T
=4 b= =3 =3 L=
- wy [} -
loading... Protein Mol. Weight
L 4
Threshold (0):[0 | I:le ein gllascot # of spectra matched
se core # of peptides matched
% Protein Name / /
Score Mass Matches Sequences emPAI
1.1 2474 17072 117 (117) 13 (13) (@86.7» Myoglobin OS=Equus burchelli GN=MB PE=1 S5V=2
P 1 sameset of MYG_EQUBU
1.2 HFMYG_KOGER 492 17357 41 (41) 6 (6) 5.98 Myoglobin OS=Kogia breviceps GN=MB PE=2 SV=3
P 1 sameset of MYG_KOGBR
M1.3 HMYG_PHYCD 317 17320 37 (37) 6 (B) 3.16 Myoglobin 0S=Physeter catodon GN=MB PE=1 Sv=2
| Redisplay || Al || None | The Exponentially Modified Protein Abundance Index (emPAl)
observed
¥138 peptide matches (38 non-duplicate, 100 duplicate) emPAT =10 ewerate _ ]

[l Auto-fit to window

Qunery Dupes Observed Mr (expt) Mr (calc) Ppm H Score Expect Rank U l 2 3 Peptide
=55 368.2501 734 .4856 T34.4803 7.32 1 24 0.012 po HE N E.HEIPIE.Y
66 Ppos 374.7230 T47.4314 T47.4279 4.74 0 a7 0.00044 pg H BN F.ALELFR
=437 g 471.2427 940.4708 940. 4654 5.77 1 46 0.00018 P31 T N E.YEELGFQG. -
=507 k3 471.734%9 941.4552 941 .4454 6.18 1 46 0.00048 P11 T H E.YEELGFQG.- + Deamidated (WO)
1406 P2 636.3384 1270.6622 1270.6557 5.12 0 56 8e-005 P11 [ ] R.LFTGHFETLEE.F
21407 424.5614 1270.6624 1270.6357 5.21 0 30 0.032 Pp1 [ | R.LFTGHFETLEE.F
1550 454 .5883 1360.7431 1360.7350 5.92 1 31 0.034 pq T H K.ALELFRNDIAAK.Y + Deamidated (WD)
15593 651.3809% 1360.7472 1360.7350 8.99 1 36 0.011 p1 T H K.ALELFRNDIAAR.Y + Deamidated (WD)
=162z P 460.2877 1377.8413 1377.8344 4.%9 0 73 2.2e-007 P1 T H F.HGTVVLTALGGILE.E
4 68%.9305 1377.8464 1377.8344 .75 0 100 3.2e-010 P11 [ ] E.HGTVVLTALGGILE.EK
1650 P2 464.9611 1391.8615 1391.8300 8.22 0 27 0.0046 P11 H B F.HGVTVLTALGAILK.K
1785 pa 501.5632 1501.6678 1501.6620 3.85 0 82 1.4e-007 Ppq [ | F.HPGDFGADAQGAMTE . A
#1787 P11 751.8440 1501.6734 1501.6620 7.63 0 94 5.6e-009 1 T N F.HPGDFGADAQGAMTE . A
#1765 M N1 RAni 1502 A491 18502 &4AN 2 N5 N B3 7 Te-nns ki . ¥ _HPMAMFPGANANCGAMTE A + Neamidated (KO




Peptide Sequence and MS/MS Information

Mascot Search Results

FMATRIX ]
PSCTENCES

Peptide View

WS/MS Fragmentation of HGTVVLTALGGILK

Found in MYG_EQUEBU in SwissProt_ID, Myeglobin OS=Equus burchelli GN=ME FE=1 5V=2

Match to Query 1630: 1377 846448 from(689.930300,2+) index(2183)

Title: STD_G?1614_B.3133.3133.2.dta
Data file

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

Or. [ Plot from | [100 |t [1200 |Da

| Full range |

Label all poszible matches 0 Label matches used for scoring ®

Show Y-axz [

filesrv'Mass Spec'Data MNew'Orbitrap TESTW71614.3TD 071614 B xmlmgf

: g
E < " o o S5 =08
g3 £33 3 [¢8 §8¥ % %%
S A VY | D T I MU e AN W] W01
200 a &0 B 1960 1206
Moroisotopic mass of neutral peptide Fr{calc): 1377_83424
Ions Score: 100 Expect: 3.Z2e—010
Matches : 28/112 fragment icn= us=ing 33 most intenses peaks (help)
# b b b’ B*™  |Seq. ¥ ¥ ¥ v ¥ ¥ #
1| 138.0662] 69.3367 H 14
2| 1950877 98.0475 G |1241.7828)621.395001224 7562|612 8817) 1223 7722]612.3897]13
3 2961353|148.5713) 278 1248|130.5660) T |1184 7613|592.8845]1167.7347]|584.3710)1166.7507]583.87%0]12
4| 395 2037)1198.1035] 377.19321182.1002] V 1433 7136|342.5604 1066.6871|335.8472]1065.7030]335.3332]11
S| 49427221247 6397] 4T6.2616)238.6344] V | 984 6452|492.8262) 967.6186]484.53130] 966.6346]485 8210010
6] 607.35621304.1817] 389.3457)285.1765] L | #85.5768|445.2020] 868.5302]434.7788] 867.5662]434.2867) 9
T| 708.4629]354.7056] 690.3933)345.7003] T | 7724927|586.7500] 755.4662|378.2367] 754 4822)377.7447] 8
8] 779 A41013590.2241] T61.4303)381.218%] A | £71.4450)336.2262) 634 4183)327.7129 7
9| 3925251 ]|446.7662| 874.5145)437.7609] L | 600.4079)500.7076] 583.3814]202.1945 [
10| 940.5463|475.2769] 931.3360)466.2716] G | 487.3239)244.1636] 470.2973|235.6523 5
11| 1096 3680 5037875 9BE 33744947824 G | 430.3024)|213.6548] 413.2738|207.1416 4
12|1119.6521|560.3287|1101.6415|551.3244| T | 373.2809)187.1441] 356.2544|178.6308 3
13|1232. 7361 |616.8717|1214 7236)607.8654| L | 260.19691150.6021] 243.1703]|122.0888 2
14 K | 147.1128] 74.0600] 130.0863] 63.3468 1




Vi loading...
] —
| I
| I | I
= f=J p= p=3 L=}
=+ o (2] -
loading...
£ >
Threshold 0):0__]
% Protein Name
Score
M1.1  @MYG_EQUED 2474
P 1 sameset of MYG_EQUBU
1.2 LMYG_KOGER 492
} 1 sameset of MYG_KOGBR
1.2 #MYG_PHYCD 317

| Redisplay || All || Mone |

MASCOT Results

Mass
17072

17357

17320

¥ 138 peptide matches (38 non-duplicate, 100 duplicate)

[l Auto-fit to window

1 MYG_EQUBU
2 MYG_KOGBR

3 MYG_PHYCD

Matches
117 (117)

41 (41)

37 (37)

2474 Myoglobin 0S=Eguus burchelli GN=MB PE=1 SV=2
492 Myoglebin OS=Kaogia breviceps GN=MB PE=2 S5W=3
217 Myoglobin OS=Physeter catodon GN=MB PE=1 SV=2
Sequences emPAI
13 (13) 186.75 Myoglobin 0S=Equus burchelli GN=MB PE=1 5vV=2
6 (B) 3.98 Myoglobin 0S=Kogia breviceps GN=MB PE=2 S5V=3
6 (6) 3.16 Myoglobin O5=Physeter catodon GN=MBE PE=1 Sv=2

Query_ Observed Mr (expt) Mr (calc) Ppm H Score Expect Rank U l 2 3 Peptide
=55 368.2501 734 .4856 T34.4803 7.32 1 24 0.012 po ] Bl E.HEIFIE.Y
66 Ppos 374.7230 T47.4314 T47.4279 4.74 0 a7 0.00044 pg H BN F.ALELFR
=437 g 471.2427 940.4708 940. 4654 5.77 1 46 0.00018 P31 T N E.YEELGFQG. -
=507 k3 471.734%9 941.4552 941 .4454 6.18 1 46 0.00048 P11 T H E.YEELGFQG.- + Deamidated (NO)
1406 P2 636.3384 1270.6622 1270.6557 5.12 0 56 8e-005 P11 [ ] R.LFTGHPETLEE.F
21407 424.5614 1270.6624 1270.6357 5.21 0 30 0.032 Pp1 [ | B.LFTGHFETLEE.F
1550 454 .5883 1360.7431 1360.7350 5.92 1 31 0.034 pq T H E.ALELFENDIAAF.Y + Deamidated (WO)
15593 651.3809% 1360.7472 1360.7350 8.99 1 36 0.011 p1 T H E.ALELFENDIAAF.Y + Deamidated (WO)
=162z P 460.2877 1377.8413 1377.8344 4.%9 0 73 2.2e-007 P1 T H E.HGTVVLTALGGILE.E
1630 Pa 68%.9305 1377.8464 1377.8344 .75 0 100 3.2e-010 P11 [ ] E.HGTVVLTALGGILE.K
1650 P2 464.9611 1391.8615 1391.8300 8.22 0 27 0.0046 P11 H B F.HGVTVLTALGAILK.K
1785 pa 501.5632 1501.6678 1501.6620 3.85 0 82 1.4e-007 Ppq [ | E.HPGDFGADAQGAMTE. A
#1787 P11 751.8440 1501.6734 1501.6620 7.63 0 94 5.6e-009 1 T N E.HPGDFGADAQGAMTE . A
#1765 M N1 RAni 1502 A491 18502 &4AN 2 N5 N B3 7 Te-nns ki . ¥ _HPMMPRANANCAMTE & s+ Neamidated (MO




Peptide Sequence and Sequence Coverage

AR MASCOT Search Results
Protein View: MYG_EQUBU

Myoglobin O0S=Equus burchelli GN=MB PE=1 SV=2

Database: SwissProt_ID
Score: 2474
Nominal mass (M;): 17072
Calculated pI: 7.21
Taxonomy:

Seqguence similarity is available as an NCBI BLAST search of MYG EQUBU against nr.

Search parameters

MS data file: “\filesrvi\Mass SpechiData New\Orbitrap TESTW071614\STD 071614 B zml.mgf
Enzyme: Trypsin: cuts C-term side of KR unless next residue is P.

Variable modifications: Carbamidomethyl (C), Deamidated (NQ), Oxidation (M)

Protein sequence coverage: 88%
Matched peptides shown in beld red.

1 MGLSDGEWQD VLNVWGEVEA DIAGHGQEVL IRLFTGHPET LEEFDEFEHL

51 KTEAEMEASE DLEEHGTVVL TALGGILFEF GHHEAELEPL AQSHATFHET

101 FPIEYLEFISD ATTHVLHSEH PGDFGADAQG AMTEALELFE HNDIAARYFEL
151 GFQG

Unformatted sequence string: 154 residues (for pasting into other applications).

| Sort peptides by | ® Residue Number O Increasing Mass () Decreasing Mass

| Show predicted peptides also

Query Start — End Obhserved Mr (expt) Mr (calc) ppm M Score Expect Rank T Peptide

ﬁw 2 — 17 S908.4573 1814.%000 1814.8%952 2.69 IZI 43 o.002% 1 U M. GLEDGEWQOVLNVWGE .V
ﬁw 2 — 17 908 .4642 1814.9%135 1814.8952 10.3 0O 65 1.9%=-005 1 T M.GLEDGEWQOVLNVWGE.V
ﬁ% 18 — 32 536.2916 1605.8530 1605.8475 3.43 0 56 4,2e-005 1 T E.VEADTAGHGQEVLIR.L
ﬁ% 18 — 32 536.2916 1605.8530 1605.8475 3.43 0 T2 3.2e-006 1 T E.VEADTAGHGOEVLIR.L
dﬁ 183 — 32 536.2937 1s605.85%3 1605.8475 7.36 0 37 0.00%s 1 T E.VEADTAGHGOEVLIR.L
2000 13 — 32 803.5%370 1s605.85%4 1605.8473 T7.47 0 86 1.3e—-007 1 T E.VEADTAGHGOEVLIE.L
'ﬁw 183 — 32 536.2939 1s605.85%99 1605.8475 7.73 0 55 0.0001& 1 T E.VEADTAGHGOEVLIR.L
2002 13 — 32 536.2941 1s605.8605 1605.8475 g.10 0 T4 1.7e—-006 1 T E.VEADTAGHGOEVLIER.L




MASCOT Results

[ MASCOT Search Results

User : Kari

E-mail : kleinholz.1@osu.edu

Search title : trypsin full

MS data file : \\filesrv\Mass_Spec\Data_New\Orbitrap TEST\071614\5TD_071614_B_xml.mgf
Database : SwissProt_ID 2014_06 (545,536 sequences; 194,023,197 residues)
Taxonomy : Other mammalia (13,066 sequences)

Timestamp : 16 Jul 2014 at 19:10:58 GMT

® All O Non-significant O Unassigned o[help] | Bxport | As [XML o

Mot what you expected? Try 2lthe select summary.

P search parameters
P Score distribution

}Legend

Protein Family Summary

Significance threshold p<  |0.05 Max. number of families |AUTO | Thelp]
Ions score or expect cut-off [0.05 Dendrograms cut at |0
Show Percolator scores |

Preferred taxonomy |All entries M

P Decoy search summary (reversed protein sequences)

J Proteins (17) ‘ ‘ @por‘t Build@‘ ‘ Unassigned (2249) ‘
e ————

Protein families 1-10 (out of 17)
per page 1 |M| | Expand all || Collapse all |

|Accessi0n V|| contains V|| || Find |
b1 T 1 MYG_EQUBU 2474  Myoglobin 0S=Equus burchelli GN=MB PE=1 5V=2
-I [ 2 MYG_KOGBR 492 Myoglobin OS=Kogia breviceps GN=M8 PE=2 5V=3
T T T T | 3 MYG_PHYCD 317 Myoglobin OS=Physeter catodon GN=MB PE=1 5v=2

< =2
-

40
30
20




Protein Report

¥ Decoy search summary (reversed protein sequences)

Proteins (17) || Report Builder H Unassigned (2249 ‘

Protein hits (22 proteins)

} Columns: Standard (12 out of 12)

¥ Filters: (none)

tEamily | M | DB Accession Score | Mass | Matches | Pep(sig) | Sequences | Seq(sig) | emPAI | Description

1 1 | SwissProt_ID | £MYG_EQUBL 2474 | 17072 117 117 13 13| 1B6.75 | Myoglobin 0S=Equus burchelli GN=MB PE=1 Sv=2

L 2 | SwissProt_ID | £MYG_KOGBR 492 | 17357 41 41 6 6 3.98 | Myoglobin 05=Kogia breviceps GN=MB PE=2 5V=3

1 3 | SwissProt_ID | #/MYG_PHYCD 317| 17320 37 37 6 6 3.16 | Myoglobin 05=Physeter catodon GN=MB PE=1 5V=2

2 1 | SwissProt_ID | £LACB_BOVIN 1918 | 19870 101 101 8 8| 13.28 | Beta-lactoglobulin 05=Bos taurus GN=LGB PE=1 5V=3

2 2 | SwissProt_ID | fLACB_OVIMU | 1651| 18139 93 93 8 8| 14.43 | Beta-lactoglobulin 0S=0vis orientalis musimon GN=LGB PE=1 SV=1

3 1 | SwissProt_ID | /CYC_HORSE | 1111| 11825 68 68 14 14 | 3403.10 | Cytochrome ¢ 05 ot jzctoglobulin 0S=0vis orientalis musimon GN=LGE PE=1 SV=1
3 2 | SwissProt_ID | #'CYC_EQUAS 692 | 11811 44 44 12 12| 167.59 | Cytochrome ¢ OS=EqUUS a5MUS GN=CTLS FESL 5V=2

3 3 | SwissProt_ID | £fCYC2_BOVIN 36| 11732 27 27 7 7| 35.21|Cytochrome c 2 0S=Bos taurus GN=CYCT PE=3 Sv=3

4 1 | SwissProt_ID | £TRY1_BOVIN 237| 25769 11 11 4 4 1.08 | Cationic trypsin 05=Bos taurus PE=1 SV=3

5 1 | SwissProt_ID | fCASQ1_CANFA 471 6610 1 1 1 1 0.54 | Calsequestrin-1 (Fragment) 0S=Canis familiaris GN=CASQ1 PE=1 5V=1

[ 1 | SwissProt_ID | #PROS_RABIT 43| 71923 1 1 1 1 0.05 | Vitamin K-dependent protein S (Fragment) 05=0ryctolagus cuniculus GN=PROS1 PE=2 SV=1
7 1 | SwissProt_ID | ef/H11_BOVIN 43| 22087 3 3 2 2 0.33 | Histone H1.1 05=Bos taurus GN=HIST1H1A PE=1 SV=1

g 1 | SwissProt_ID | #'COHAL_BOVIN 33| 149062 1 1 1 1 0.02 | Collagen alpha-1(XVII) chain 05=Bos taurus GN=COL17A1 PE=2 SV=1

9 1 | SwissProt_ID | ff4F2_RABIT 3 0 2 2 1 1

10 1 | SwissProt_ID | fCASQ1_RABIT 20| 45235 1 1 1 1 0.07 | Calsequestrin-1 05=0ryctolagus cuniculus GN=CASQ1 PE=1 5V=1

1 1 | SwissProt_ID | #'CRSP2_PIG 28| 12960 1 1 1 1 0.26 | Calcitonin receptor-stimulating peptide 2 0S=Sus scrofa GN=CRSP2 PE=2 Sv=1

12 1 | SwissProt_ID | #'RS12_BOVIN 27| 14505 1 1 1 1 0.23 | 405 ribosomal protein 512 05=Bos taurus GN=RP512 PE=2 SV=1

13 1 | SwissProt_ID | #'IF4G1_RABIT 23| 153935 1 1 1 1 0.02 | Eukaryaotic translation initiation factor 4 gamma 1 0S=0ryctolagus cuniculus GN=EIF4G1 PE=1 SV=1
14 1 | SwissProt_ID | fCP444_RABIT 19| 58893 1 1 1 1 0.08 | Cytochrome P450 4A4 05=0ryctolagus cuniculus GN=CYP4A4 PE=1 Sv=3

15 1 | SwissProt_ID | #UROM_BOVIN 17 0 1 1 1 1

18 1 | SwissProt_ID | £COCH_BOVIN 15| 39356 1 1 1 1 0.06 | Cochlin 05=Bos taurus GN=COCH PE=2 5V=1

17 1 | SwissProt_ID | fOXAIL_BOVIN 14| 48956 1 1 1 1 0.07 | Mitochendrial inner membrane protein 0XA1L 05=Bos taurus GN=0XALL PE=2 SV=1




Post-translational Modifications

Modification

Disulphide bond formation
Deamidation of Asn and GIn
Methylation

Hydroxylation

Oxidation of Met

Acetylation
Carboxyamidomethylcysteine
(iodoacetamide)
Phosphorylation
Biotinylation (amide bond to lysine)
Nitration

Ubiquitination

Oxidation of Cys
nitrosylation

Modified residue

C
Q/N
K/IR

Mass Shift (Da)

-2.0157
0.9840

14.0157
15.9949
15.9949
42.0106

57.0215

79.9663
226.0776
44.9851
114.0429
31.9721/47.9847
28.9902



Peptide Modifications

Virtually anything that shifts the mass can be determined by MS

Using MS/MS allows for identification of the modification AND location

You must have an idea of what modification you are looking for

First use protein stain to examine various modifications (multiplex analysis)

Western analysis VS MS analysis
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-I(;T)servted rln/z/8§62.ig$;2?: Mass of X=(M+H)'y1 4=826.4543*2-1-1423.55=228.35 (22819” (1)65 Sa;

Mass Error 3.63 ppm
753.582*

543.30 b14 935.48 1105.51

b4 b8 b10
357.19 486.30 642.31 741.36 878.49 1034.45 1206.44 1305.59 1376.51 1505.59
b2 b3 b5 b6 b7 b9 b11 b12 b13 b14
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DMPO Adduct
oo [E W uﬂ wlﬂ R 1C o P TI L Ly,

Theoretical m/z=859.942+
794.642 Observed m/z=859.892*

738.12% b11
b10

DMPO=C H,NO (111.0684 Da)

573.11 759.32 906.56 1062.49 1276.67 1474.67
b4 b5 b6 b7 b8 b10

186.21 97.24 155.93 214.18(103+111) 198.00 (97+101)
Trp Phe Arg C-DMPO Pro-Thr

< »
< Ll

A
A
\ 4
A
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\ 4

638.89%*
b8

638.31%

y9 795.572+ 1274.57
y11 y9
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Phosphorylation

b11 b12 b13 b14

b4 b5 b11 b12~ b13* b14—| b15—|
41T S Sl—y13 y12 y11 y10_[ S(PO4) yy y4 Ly K56
yize  yi1e yo* 3bn*—bn H3PO4
_ yn*=yn-H3PO4
m/z=850.542*
802.432*
391.12 505.27 619.29 718.37 M-H3PO4 984.39 1085.46 1199.51 1298.46 1385.54 1484.46
b4 b5 b6 b7 266.02 b9 b10 b11 b12 b13 b14
<(87+80+99)
Asn Asn Val \§Fﬁmurva| Thr Asn Val Ser Val
< < < > < ~—— > < > > >«
886.36 1200.51 1386.63
b9* b12* b14*
1287.76
1101.51 b13* 1457.78
b11* l b15*
| \ o ‘.‘ N |H\ bl hl‘“\m Ll | ‘ i lb .l i s L - l A
317.28  404.24 503.32 617.36 718.37 817.37 984.39 1083.45  1197.51 1311.59 1426.56
3 4 5 6 7 8 9 10 11 12 13
y y y y y y 167.02 \ Y y y y y
87+80
Ser Val Asn Thr Val ( ) Val Asn Asn Asp
886.36
yW
1099.56 1213.70
y11* y12*
| o | R A ol H‘\ ‘|‘\|\ | \.n|“ ‘hl‘“h e Ll \‘I | Ll lu \\|\ il L ”\ “ L L L
L L L L L N O N |

300 400 500 600 700 800 /900 1000 1100 1200 1300 1400 1500
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Nitration

b3 b4 b7 b8 b9 b10 — b1l1l— b12
246 _I
241E A L F _|\P _LA LY (N20) LR_L Q_l\ P_L P _|\E _LS L253
yll y10 ~-vy9 y8 y7 —y6 y5 v4 y3 y2
Measured m/z = 775.61%*
Theoretical m/z = 775.37?*

348.10 445.22 880.42 1008.45 1105.51 1202.57 1331.59
b3 b4 b7 b8 b9 b10 b1l
| 1 601.99%* ! ! 1 1 !
| | ! |
b10 | | | |
Pro i Gin i Pro . Pro Glu i
! ! : !
| | ! |
] i | !
| | : ! ‘ ‘ ?
! ! I I ! ! I
219.15 348.10 445.22 542.31 670.43 826.20 | I034.50 1105.51 1202.57 | 1349.69
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| | ! 1 675.552* N ! Lo ! ! oo
i i ! Iyl ! b i i oo
[ i i i : L i i Lo
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[ ! ! ! ? _ (N20 I ! oo
i i i 666.50% | ! i i L
i . i bi1, i 709.87% ! I i Lo
[ i i | b12 ! I i Lo
[ ! i i ! I i oo
i i i ! i i oo
| ] L] | L] i
P R PP A N ) \\I\‘.“..‘.‘.‘M R A TR T P T A R T L Lo by b g
[T T T T T I T T T IrT T B N N S N Y I I I N D N D N Y IO N IO I I
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400



Cysteine Oxidation

y17 ~y16 -ry15 ~y14 ~y13 ~y12 y11 y10 y6 ry5 ry4
sy G S|VIL|Q|E |G c(SO3J J L [Y |G |D|L R
b13-b14 -'b15 b19

b6 b7- b8- b9 b10- b11 - b12 b16 -"b17 -"b18

584.26 713.38 1050.21 1178.34 1291.39 1465.42 1578.48 1741.58 1913.59

b6 b7 270.40 921.28 010 o1l P12 437534 P14 b15 b16,79g75 P18

b13 : ! - b17

(103+48)
C(S03) /

1014.18%
b19

460.24 623.30 736.40 910.39 102355 1151.56 1280.54  1431.51 1617.48 1745.66 1858.62
y4 y5 Y6 g2341 VY8 y? y10 yn Y12 /08848 Y14 y15 y16
| | i y7 | - y13 i ‘ ‘

150.97°\
((103+48)

| 873.542+930.162*
y1 5 y16

979.482*
y17 |
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Difficulties for PTMs Ildentification

Generating Peptides containing modified residue
--Different Enzymes

Low population of modifications
--Enrichment
--Targeted Method

. Modification not stable
--Experiment Condition (reducing reagents, enzymes)

--Fresh sample

- Modification labile in MS analysis
--Neutral Loss Method
--Different Fragmentation Method



Enzymes for Proteome Research

Trypsin

K-X and R-X

Endoprotease Lys-C

K-X except when X =P

Endoprotease Arg-C

R-X except when X =P

Endoprotease Asp-N

X-D

Endoprotease Glu-C

E-X except when X =P

Chymotrypsin

L-X, F-X, Y-X'and W-X

Cyanogen Bromide

X-M




51
101
151
201
251
301
351
401
451
501

Using the CORRECT Enzyme

MAALKLLSSG
KDIPNGATLL
LLLRSKQIKR
GVPAFYTSTG
EAITGDFALV
IGSFAPEDIH
VRERIT IKRAA
GPYPLKDEAD
AMQVSKYGDL
KIMEKCTLPL
STGCDFAVSP

LRLGASARSS
VGGFGLCGIP
MISSYVGENA
YGTLVQEGGS
KAWKADRAGN
IPK1YVHRLI
LEFEDGMYAN
ADL INAGKET
ANWM 1 PGKMV

NLMPMQQIST

RGALHKGCVC YFSVSTRHHT

ENLIGALLKT GVKDLTAVSN

EFERQFLSGE LEVELTPQGT

PIKYNKDGSV AIASKPREVR

VIFRKSARNF NLPMCKAAGT

KGEKYEKRIE

LGIGIPLLAR)
VTVLPGASFF SSDESFAMIR
KGMGGAMDLY SSSKTKVWWT
TGKQCVNRIT TEKGVFDVDK KNGLTLIELW

RLSLRKEGDG
NFISPNMTVH

KFYTDPVEAV
NAGVDNFGLG
LAERIRAGGA
EFNGQHFILE
TVVEVEEIVD
KGKSGKPGGD
LQSENGVLGL
GGHVNLTMLG
MEHSAKGNAH
EGLTVDDIKK

Phosphorylation

Tryspin: ;,, AALEFEDGMYANLGIGIPLLASNFISPNMTVHLQSENGVLGLGPYPLK;,
Chymotrypsin: ;,(ASNF,,,,
GluC: ;,;DGMYANLGIGIPLLASNFISPNMTVHLQSE,,,



Difficulties for PTMs Ildentification

Generating Peptides containing modified residue
--Different Enzymes

Low population of modifications
--Enrichment

--Targeted Method



PTM Enrichment Techniques (Start with mg of samples)

Acetylation: Anti-acetyl lysine polyclonal antibody

Phosphopeptides: Immobilized Metal Affinity Chromatography (Fe3+)
Metal Oxide Affinity Chromatography (TiO2, ZrO2)
Reversible Covalent Binding

(Dunn JD?', Reid GE, Bruening ML, Techniques for phosphopeptide enrichment prior to analysis by mass spectrometry. Mass
Spectrom Rev. 2010 Jan-Feb;29(1):29-54.)

Phospho-Threonine Antibody (P-Thr-Polyclonal)

Nitration: Anti-Nitrotyrosine polyclonal antibody

Ubiquitination: K-g-GG-—specific antibody (enrichment has to be done prior
to other treatment on lysine)

Glycopeptides: Lectin affinity enrichment
Covalent Interactions

Chromatographic separation
Ongay S', Boichenko A, Govorukhina N, Bischoff R., Glycopeptide enrichment and separation for protein glycosylation
analysis., J Sep Sci. 2012 Sep;35(18):2341-72.

Methylation: Anti-methyl lysine/araginine antibody



Targeted MS Scan (
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Difficulties for PTMs Ildentification

Generating Peptides containing modified residue
--Different Enzymes

Low population of modifications
--Enrichment
--Targeted Method

Modification not stable

--Experiment Condition (reducing reagents, enzymes)
--Fresh sample



Adjust Experiment Condition to Preserve Modifications

I-y12A I- y11A I-y10A I-y9A I- y8A I- y6A I- y5A I- y4A I- y3A I- y2A
185 199 Chain A
NACy G s'eg'y'o rilpv Fiviv r
:
1 y5B y3B .
138 [ [ 146 Chain B
L V EJG Cp'L VG G R
A
274.25 373.31 520.42 619.48 734.51 996.57 1159.62 1216.57 1303.641360.66
y|2A y3IA ylllA y|5A y|6A y|8A y9|A y|10A y1I1A y|12A
Vo V. . D | FD .Y G! S |G
| : ' : D BN S—— -~
el bl el
B
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289.23342.33 501.1 \
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Using Different Enzyme to Protect Modifications

yl2 y10 y9 y8 y7 y6 V5 rvya y3
0eA G R P G|M[G|V [022[G |[P|E|T|S| Ly
b3 b5 b6 b7 b8 b9 b10 = b1l “'b12 b13 —b14
Theoretical m/z =783.4089%*, Observed m/z =783.4080%*, Mass Error =1.15ppm

O
H
— H N
O=Pyrrolysine OH
NH,;
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Difficulties for PTMs Ildentification

Generating Peptides containing modified residue
--Different Enzymes

Low population of modifications
--Enrichment
--Targeted Method

. Modification not stable
--Experiment Condition (reducing reagents, enzymes)

--Fresh sample

- Modification labile in MS analysis
--Neutral Loss Method
--Different Fragmentation Method



Neutral Loss Scan
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Neutral Loss Scan

E/NSK(Glucose)LVTDLTKVHTE/C [VH-3H]** 866.47 m/z

(1) MS2CID35 eV
B839.33
b Loss 0os H>O molecules
oo
80
70O o =
g : No representative MS2 spectra
bl with identification purposes
é SO -
&= 23 Glucose -162 Da -54 Da
30 - Intermolecular rearrangement
cleavage .
20 of the glucose moiety
10
N ; 1 s8s57.31
%200 AT T T spe T éde 730 800 T8do | Hdooo | Tdioo | HZoo
(2)MS2CID35 eV 2) MS2 CID35 eV
ABG 815.38 824.39m/z | ; 776.28 J 785.31 m/z
%
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. @
,gso- .560
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[+ . o
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0:

Image from http://www.mcponline.org/content/9/3/579/F5.expansion




ECD/ETD: Keep the Phosphorylation Intact

PO, or H;PO, groups may leave upon CID activation
actual amino acid location of PO, group may not be clear

Electron Capture Dissociation (ECD) requires an ICR;
Electron Transfer Dissociation (ETD) in traps

» Peptide fragments without loss of phospho group

Sweet, Anal. Chem. 2006, 78, 7563-7569



>

Relative Abundance

Relative Abundance

100 1

a0

b 144 300 467

E R pS

y 1234 1081 B35

L

768

747 8903 1046

pSRER CAD

655 488 332

(M+3H-H,PO,-MeOH"*

1234

14

10

Int: 2.08 x 108
(M+3H-H,PO,-H,0"**
(M+3H-2H,PO, 1"
(M+3H-H,PO,
L -
c 161 317 484 597 764 920 1063 1234
ER,SLeSRER ETD
g 639 472

Z 1234 1075 919
(M+3H+++
Z
Co
2.\
yi @2
b .]-. 5 1.*.* ey
200 400

Leann M. Mikesh et al. Biochimica et Biophysica Acta 1764 (2006) 1811-1822

-~
tn
X]

a0o0

(M+2H*+

Int: 2.19 x 105 (M+1H>

1000 1200



Identification of PTMs:

High Mass Accuracy
High Samples Purity
High Concentration

Know the Modification
(Stability, Mass Shift, possible modification site)



Protein Complex Identification
(Whole cell lysate, IP Products)

Clean Sample!!!

(Less Salt, No Detergent
Lipids, DNA Free, Keratin Free)

Better Separation
More sensitive Instruments

On Bead Digestion
Pre-Fractionation



Types of Separation Technologies for Molecules

Method

Separation based
on

Separation done
using

Further steps

Gel Electrophoresis
(1D)

Molecular mass

Gel (which acts like a
molecular sieve) and
potential

Gel Electrophoresis

Isoelectric point (pl;
IEF) & Molecular

Gel, potential and

In-gel digestion of
proteins to
peptides>LC-
MS/MS

(2D) Mass ampholytes
Combination of
Reverse Phase (C8 or |\ 4 ohobicity and | HPLC
C4) chromatography :
molecular weight
Gel Filtration Molecular Weight HPLC Protein(s) > Digest
to peptides - LC-
lon Exchange Cgthn or Anion FPLC MSIMS
affinity
Affinity Chromatography | DNA,RNA, Anti-body, | HPLC

peptides etc




Pre-Fractionation Method

LC/MSMS
LC/LC/MSMS
High Abundant Protein Depletion
4D SDS Fractionation>
Off-gel Fractionation
SCX Fractionation




1D SDS PAGE Fractionation LC/MSMS Workflow

Same Volume

1 — > In Gel Digestion ——» LC/IMSMS —
2 —— In Gel Digestion —» LC/MSMS
3 — In Gel Digestion ——» LC/MSMS
4 — In Gel Digestion ———» LC/MSMS
g — In Gel Digestion ———» LC/MSMS
— In Gel Digestion ——» LC/IMSMS
7+ InGel Digestion — »LCIMSMS MASCOT
8 — > In Gel Digestion ——» LC/MSMS Search
9 —— In Gel Digestion ——» LC/IMSMS
10 — > In Gel Digestion ———» LC/MSMS
11 — > In Gel Digestion — > LC/MSMS —

.. . Global Digestion: 920 Proteins
>1800 Proteins identified SCX-LC/MSMS: 981 Proteins

1D SDS-LC/MSMS: >1800 Proteins



Quantitative Proteomics

.Quantitation in proteomics has become a popular area in recent
proteomics research with the development of quantitation techniques
such as DIGE, SILAC, ICAT, iTRAQ and Label Free.

*Difference Gel Electrophoresis
*Gel based using cy-dye chemistry.

‘Isobaric tag for relative and absolute quantitation — iTRAQ

* is a non-gel based technique used to identify and quantify proteins/peptides from
different sources in one single experiment by using isotope coded covalent tags that will
label the N-terminus and side chain amines of peptides from protein digestions.

-Stable isotope labeling by amino acids in cell culture — SILAC

* is a non-gel based approach for in vivo incorporation of a label into proteins for MS
quantitative proteomics. It relies on metabolic incorporation of a given 'light' or 'heavy’
form of the amino acid into the proteins.

‘Label Free Quantitation

*It has been observed the chromatographic peak areas and number of spectra/peptides
observed for a protein in a LC/MS/MS run is correlated with the concentration of that
particular protein.



DIGE (Difference Gel Electrophoresis)

Pooled internal /o ¢
standard O % —
Label with Cy2 Cy2

Protein extract 1 .’ ® |

Label with Cy3 . |

L ]
;_i s
i b
P S

Protein extract 2 ) | |8
Label with Cy5

Image analysis and

: Image ael wih data quantitation
Mix labelled » 2.D separation —* ge gel wit » with DeCyder
extracts Typhoon Variable : . .

Mode Imager Differential Analysis
9 Software

Fig 1-1. Qutline of Ettan DIGE system (when used with three CyDye DIGE
Fluor minimal dyes separated in a single gel)



DIGE (Difference Gel Electrophoresis)

Spot Volume = [spot 1 on treated]/[spot 1 on standard]

Internal Standard Wild Type Diseased
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DS st prar & = Al xR % BAFhad e

Emur‘l: Gel 04 Control (WT) Cyd.gel ~ j Graph view Master No: 2089

Overlaid

'
E
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DIGE (Difference Gel Electrophoresis

"* In Gel Digestion, LC/MSMS, MASCOT

MATRIX

wince) Mascot Search Results

User : Kari

Email : kleinholz.1fosu.edu

Search title : october

M5 data file : C:\Documents and Settings\All Users\Desktop\mgfs to process\14510_6_ml.mgf
Database : SwissProt 56.8 (410518 sequences; 148088998 residues)

Timestamp 1 16 Mar 2009 at 10:31:12 GMT

Protein hits : 0C17_CHICK Ovocleidin-17 05=Gallus gallus PE=1 SV=2

TRYP_PIG Trypsin 05=5us scrofa PE=1 Sv=1

LYSC_CHICK Lysozyme C 05=Gallus gallus GN=LYZ PE=1 5V=1

TRY1_CANFA Cationic trypsin 05=Canis familiaris PE=2 SV=1

TRY3_HUMAN Trypsin-3 0S=Homo sapiens GN=PRSS3 PE=1 5v=2

GLMM_PELUB Phosphoglucosamine mutase 0S=Pelagibacter ubigue GN=glmM PE=3 Sv=1

OVAL_CHICK Ovalbumin 05=Gallus gallus GN=SERPINB14 PE=1 SV=2

YCF1A_ANTFO Putative membrane protein ycfl N-terminal part OS=Anthoceros formosae GN=ycfl PE=2 Sy=1

Y9333 _DICDI Probable inactive serine/threcnine-protein kinase DDB_G8288855 05=Dictyostelium discoideum GN=DDB_GB238855 PE=3 SV=1



Pros and Cons to DIGE

high sensitivity

linearity of the dyes utilized
straightforward

significant reduction of

experiment error

High reproducibility

300 — 500 pg of total protein is
required for each biological
replicate

Requires high resolution 2D gels
Not ideal for membrane proteins
Not ideal for serum type samples
Some protein spots identify more
than one protein or do not have

enough protein to identify the spot

Labor Intensive



Overview of iTRAQ™ Reagents Methodology

Isobaric tag for relative and absolute quantitation

Control sample Test sample ——— Cell Culture + Tissue
and digest and digest
Label with an Label with a different . .
ITRAQ™ Reagent ITRAQ™ Reagent _— Labellng Lys and N-terminus
_ ]

Combine the ITRAQ Reagent-labeled
control and test Sample CHQE'StS into —_— Up to 8 samples
one sample mixture

Clean up or (optionally) perform high-
resolution fractionation

——— Fractionation offers more identification

¥

Analyze the mixture by LG/MS/MS for
protein identification and quantitation




Chemistry of TMT™ Reagents
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Workflow of TMT ™ Reagents

Label

Sample 1 L_ W TMT-126 v
sample 2 | L 4 TMT-127 v
sample 3 o] Treat r Denature, Y v
o Samples ] Reduce, - Ll . 4 —> —>
sample 4 P & I50late | Alkylate & | TIITE. 179 Combine Fractionate,
Proteins ]1”' Tryptic A w Clean-up,
A —— i *
Sample 5 G w Dot L wmm W LE;::I?;';E
—_—
sample § =2 8 . v
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Figure Provided Courtesy of Thermo Fisher Scientifics




Dry Eye Studies:
4 Groups: Normal, Moderate Dry Eye, Mild Dry Eye, Mixed Dry Eyes

Group IS Normal Mod Mild Mix
1 1S1(126) 2004 (127) 2041 (128) 2043 (129) 2069 (130)
— 5 1s2(126) 2007 (131) 2042 (127) 2040 (128) 2066-{129)
3 1S3 (126) 2008 (130) 2065 (131) 2070 (127) 2037 (128)
4 IS4 (126) 2063 (129) 2046 (130) 2038 (131) 2014 (127)
5 IS5(126)  2015(128) 2068 (129) 2071 (130) 2036 (131)
6 1S6(126) 2016 (127) 2067 (128) 2062 (130) 2035 (131)
Ratio 126:127:128:129:130:131=1:0.30:0.09:0.25:0.00:1.49
131 Protein Name : Human Cystatin-S
i Peptide Sequence:EQTFGGVNYFFDVEVGR
126 Observed m/z= 1097.02702%*
Theoretical m/z= 1097.04432*
2 127 129
o 128
12 126 128 m/z 130 132 134
1401.32
232.12 331.31 559.25 674.35 821.55 968.30 1131.44 1245.381344.2¥:|lf458.29 1605.401706.27 1834.52
VF v3 L V? y8 VP vjo vt v via o vls o vie
| | | | | | ' | | | |
|9917k27 94 (129+99)115.10| 147.20 I 146.75 | 163.14 |113 94.98.8557.0%69% 147.11 100.87 128.25
| val | Gluval | Asp!| Phe | Phe | Tyr | Asn | Val IG'V}G'V: Phe | Thr | Gin |
| | | | | | | | | | | |
. T L St O O
: 3:59 .16 487.24 5:88 .18 } 735. 20b|5 i|l49 .14 948. BO 1062.54 : 1225J|15 1?|'72.+2 :1519 .43 1|634 481|733 .70 1862 61
| | bt h2 b3 | B4 | k6 b7, b8 | hs, |b’r°: | bl1  |b12  |b13  |bp4
| (| | ([ | | |l | | | (I | | [ 11 [
| [ | |1 | | | Il | | [ |1 I | | (| |1 [
| (| | [ | | |1 I | | 11 |1 I | | [ (| [
| | 1128.08 [100.94 147102 g ok7/0499.16 1114.24| 16261 | 1147.27 | h47p1 1115.0599.221 128.91 |
! | M%@WMMM
| I ol Il | | (| (| | | [ (! [
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m/z



iTraq MASCOT Results

licimvess Mascot Search Results

Emri
kleirhols . ifosu._edn

Usar
Emnil
Search title
M5 data file

C:\Program Filec\Matrix Science\Mascot Daemon\mgf\2712 15076 sample 1\mascot dmemon merge.mgf

Database : BwissProt 57.5 (471472 sequences; 167326533 residues)
Taxonomy : Homo sapiens (human) (20329 sequences)
Quantitation : THT Gplex method detailc

: Proteome Sciences 6-plex Tandem Mass Tags (R}
Timestasp : 19 May 2010 at 18:44:12 @T _
Ensyme : Toypsin

Fized modifications Carbamidomethyl (C},THTEplex (H-term) THMTEplex (K}
Varisble modifications : Oxidation (M} ,THT (K} ,THT (N-texm)

Hass walues : Honoisotopic

Protein Maczs : Uneestricted

Peptide Macc Tolerance : % 1.2 Da

Fragment Mass Tolerance: % 0.8 Da

Fax Mizszed Cleavages : 3

Inctrument type - ESI-TRAF

Fumber of queries - 27933

Protein hits s 127/126 128/126 129/126 130/126 131/12%
0.€63 0.590 0.428 1.382 0.711  TREL HUMEN Lactotransferrin OS=Homo sapiens GN=LIF FE=1 3V=€
1.128 1.216 1.006 0.815 0.660  ALEU HIPEN Serum albumin O3=Homo sapiens GN=ALE FE=1 V=2
1.7az2 0.686 1.054 2.0z23 1.087  PIGE HIMEN Folymeric immmnoglobulin receptor O3=Homo sapiens GN=PIGR FE=1 V=4
0.957 1.203 1.134 1._06&0 0.791 CO3 HIMEN  Complement C3 03=Homo =apiens EN=C3 FE=1 V=2
1.127 1_366 1.425 0.753 0.519  TRFE HUMENW Serctransferrin O3=Homo =apiens GR=TF FE=1 3V=2
1.375 0.596 1.030 1.734 0.845  IGHAL HUMEW Ig alpha-1 chain C region O3=Homo s=apiens GH=IGHR1 FE=1 3V=2
0.850 1.233 1._368 0.87% 1.512  ENOA HIMEN Alpha-enclase O3=Homo =apiens GR=ENO1 FE=1 3V=2
1.570 0.631 1.138 1.854 1.030  IGHAZ HIFEN Ig alpha-2 chain C region O3=Homo s=apiens GR=IGHARZ FE=1 3v=3
1.014 1.443 1.595 0.958 0.875  ACTE HUMEN Actin, cytopla=mic 1 OS=Homo =apien= GN=ACLE FE=1 3V=1
1.€z22 1.485 1.888 0.952 0.877  ALAT HUMEN Alpha-l-antitryp=in OS=Homo =apiens= GW=3ERFINAl FE=1 3V=3
0.971 1.094 1.261 0.83% 0.398  IGHGL HIIEN Ig gamma-1 chain C region O03=Homo sapiens GN=IGHE1 FE=1 3V=1
1.160 1.332 1.327 0.835 0.808  ANJA1 HIMEN Annexin A1 O3=Homo sapiens GN=ANKAl FE=1 V=2
1_486 0.812 0.570 1._605 1.122  PIF_HUMEN Frolactin-inducible protein O3=Homo =apiens GN=PIF PE=1 3V=1
0.911 0.934 1.215 0.8&z2 0.590  IGHG3 HIMEN Ig gamma-3 chain C region O03=Homo =apien= GN=IGHG3 FE=1 3V=2
1._365 0._501 0.638 1.245 0.823 CYTS_HUMEN Cy=tatin-3 O3=Homo sapien= GW=C3T4 FE=1 3V=3
0.504 1._280 1.343 1.125 0.766  IGHGZ HIMEW Ig gamma-2 chain C region O3=Homo =apiens GR=IGHEZ FE=1 3V=2
1.040 1.036 1.6139 0.764 1.082  KFYM HUMEN Fyruvate kinase isozymes M1/MZ OS=Homo =sapiens GN=FEMZ FE=1 V=4
0.672 0.874 1.435 1.272 0.78%  HFT HUMAW  Haptoglobin O3=Homo sapiens GN=HF FE=1 3v=1
1.0z23 0.748 0.598 1.085 0.722  EA2G HUPMEN Zinc-alpha-2-glycoprotein O3=Homo =apiens GR=AZGF1 FE=1 3V=1
1.z0% 0.749 1.37z2 1.€05 0.674  IGEC HUMEN Ig kappa chain C region O3=Homo =apien= GR=IGEC FE=1 3V=1
0.790 0.433 0.401 1.104 0.638  LYSC HIMEN Lysozyme C O3=Homo =apiens GN=LYZ PFE=1 3V=1
1.042 0.510 0.437 0.814 0.507 LCHi HIMEN Lipocalin-1 O3=Homo sapiens GN=LCH1 FE=1 V=1
1._307 0.650 1._004 1.262 0.811  LAC HIMEW Ig lambda chain C regions O03=Homo sapiens GR=IGLC1 PE=1 3V=1
0.s22 1._208 1._338 0.363 1.111  HEMO HIMEN Hemopexin O3=Homo =apiens GN=HEE PE=1 3V=2

0.824 0.82& 1.101 1.3a7 - CLUS HUMAH Clusterin O03=Homo =apiens GH=CLU FE=1 3V=1

0.540 1.411 1_580 0.528 1.028 ACTA HIFEN Actin, aortic =mooth mus=cle O03=Homo =apiens EH=ACTAZ FE=1 3V=1

0.539 0.657 0.576 2.614 2.835 DrET1_HREN Deleted in malignant brain tumors 1 protein O3=Homo =apiens GR=DMET1 PFE~1 3V=2
0.86% 1.06€0 1.875 1.155 1.00% ALiAl HIREN Retinal dehydrogenase 1 O3=Homo =apiens GN=ALDH1AR1l FE=1 3V=

0.715 1.086 1.694 0.856 1.471 ILEU HUMAN Leukoccyte slastasze inhikitor O3=Homo =apien=z GR=3ERFINE1l FE=1 3V=1

0.g912 1.597 1.532 1.116 0.580 FRD:1 HUMAN Percxiredoxin-l O3=Homo =apien=z GR=FRDX1 FE=1 3V=1

1.625 0.796 1_666 a.8a7 1.010 IGHM HUMAN Ig mu chain C region O3 Homo =apien=s GR=IGHM FE=1 3v=3

1.2&3 1.151 1.27% 1.125 - TERE HIMAN Protein—glutamine gamma—glutamyltransferasze 2 03=Homo =zapien=z GR=IGMZ FE=1 3v=2
1.572 0.7&3 1.632 0.698 1.010 MUCE HIMAN Ig mu heavy chain disease protein O03=Homo =sapien= FE=1 3V=1

1.505 0.496 0.642 1.169 0.846 CYTH HIFEHN Cystatin-3H O3=Homo =apien= GN=C3T1 FE=1 3V=2



iTraq Results

Protein Name

DE/NDE (

Ratio (# of Detection.

Mild/Normal

Aldehyde dehydrogenase, dimeric NADP-preferring OS=Homo sapiens

(2.41, 6, 0.0030)

Mod/Normal

alue)) |

Mix/Normal

Function

(1.69, 6, 0.0471)

oxidoreductase activity

Apolipoprotein A-l OS=Homo sapiens

(1.75, 6, 0.0362)

transporter activity; protein binding; enzyme regulator activity; lipid binding

Cystatin-S OS=Homo sapiens

(0.51, 6, 0.0014)

(0.43, 6, 0.0005)

(0.60, 6, 0.0283)

enzyme regulator activity

Deleted in malignant brain tumors 1 protein OS=Homo sapiens

(0.60, 6, 0.0472)

signal transducer activity; protein binding; bacterial cell surface binding

Ezrin OS=Homo sapiens

(1.79,6,0.0101)

protein binding; binding

Hemopexin OS=Homo sapiens

(2.15, 6, 0.0384)

(2.11, 6, 0.0486)

binding; transporter activity; ion binding

Haptoglobin OS=Homo sapiens

(1.97, 6, 0.0474)

catalytic activity; protein binding; peptidase activity

Ig alpha-1 chain C region OS=Homo sapiens

(0.59,6,0.0113)

antigen binding; protein binding

Ig gamma-1 chain C region OS=Homo sapiens

(1.94, 6, 0.0266)

antigen binding; protein binding

lg gamma-2 chain C region OS=Homo sapiens

(1.87, 6, 0.0369)

antigen binding

Ig gamma-3 chain C region OS=Homo sapiens

(2.08, 6, 0.0408)

antigen binding

Extracellular glycoprotein lacritin OS=Homo sapiens

(0.28, 6, 0.0059)

(0.23, 6, 0.0003)

(0.48, 6, 0.0428)

protein binding; extracellular matrix binding

Putative lipocalin 1-like protein 1 OS=Homo sapiens

(0.43, 6, 0.0026)

(0.39, 6, 0.0002)

(0.50, 6, 0.0119)

binding; transporter activity

Lipocalin-1 0S=Homo sapiens

(0.33, 6, 0.0030)

(0.32, 6, 0.0003)

(0.43, 6,0.0188)

binding; transporter activity; protein binding; enzyme regulator activity

Lysozyme C OS=Homo sapiens

(0.33, 6,0.0019)

(0.28, 6, 0.0031)

catalytic activity; hydrolase activity; protein binding

Polymeric immunoglobulin receptor 0S=Homo sapiens

(0.51, 6, 0.0290)

(0.43, 6, 0.0016)

protein binding

Prolactin-inducible protein OS=Homo sapiens

(0.36, 6, 0.0004)

(0.38, 6, 0.0008)

(0.58, 6, 0.0409)

protein binding

Proline-rich protein 1 0S=Homo sapiens

(0.44, 6, 0.0023)

(0.39, 6, 0.0056)

enzyme regulator activity

Proline-rich protein 4 0S=Homo sapiens

(0.41, 6, 0.0042)

(0.34, 6, 0.0081)

Secretoglobin family 1D member 1 0S=Homo sapiens

(0.28, 6, 0.0032)

(0.21, 6, 0.0006)

(0.41, 6, 0.0169)

binding

Mammaglobin-B OS=Homo sapiens

(0.34, 6, 0.0076)

(0.26, 6, 0.0009)

(0.43, 6, 0.0215)

steroid binding; binding; hormone binding

Serotransferrin OS=Homo sapiens

(2.02, 6, 0.0429)

protein binding; ion binding

Lactotransferrin OS=Homo sapiens

(0.33, 6, 0.0019)

(0.34, 6, 0.0072)

peptidase activity; ion binding; pattern bindingcarbohydrate binding; hydrolase
activity; protein binding

Vitamin D-binding protein OS=Homo sapiens

(1.65, 6, 0.0449)

(1.87, 6, 0.0206)

transporter activity; steroid binding; vitamin binding;: protein binding

Zinc-alpha-2-glycoprotein OS=Homo sapiens

(0.40, 6, 0.0047)

(0.36, 6, 0.0029)

(0.59, 6, 0.0502)

lipid binding; carboxylic acid binding; hydrolase activity; transporter activity

Zymogen granule protein 16 homolog B OS=Homo sapiens

(0.44, 6, 0.0383)

carbohydrate binding




Pros and Cons to iTRAQ

Requires less total protein than

DIGE (50 ug or less)

One experiment can determine
fold change, protein ID and Post

translational modification

Up to 8-10 groups can be
compared at the same time

Samples can come from both

tissue or cell culture

Mass Spectrometry
requirements are rigorous

High resolution

Advanced LC chromatography
Long instrument time

PQD/HCD needed on IT instrument

Produces enormous
amount of data

Requiring detailed
bioinformatic analysis

Expensive



SILAC (Stable isotope labeling by amino acids in cell culture)

Heavy Isotopic Labeled Amino

Acids:
Regular Media Lys-depleted Media
(Lys Light) (Lys Heavy) L-Lysine: 13C,, (+6Da), 13C¢/'°N,
9 9 (+8Da), 13C,/'5N,/D9 (+17Da),
15N,/D9 (+11Da), D4 (+4Da)
No Drug l l Trgarttrll?ent L- Arginine: '3C4 (+6Da), 13C4/'5N,

(+10Da), 13C¢/'°N,, D7 (+17Da),
M “\M\‘ 15N,/D7 (+11Da)
\ / L-Tyrosine: 13C, (+9Da)
Combination/
Extraction

Fractionation/IP — Digestion —> LC/MSMS
Digestion/ b%oq "ﬂ\*<

Peptide Identification Shotgun Proteomics

A 4

e M
=N Change =%...




Optimization of Heavy Amino Acids Incorporation

SGRGKGGKGL GK?GGAK*RHRK’VLRDNI QGITK*PAI RR

LARRGGVK“RI SGLI YEETRGVLK°VFLENVI RDAVTY

TEHAK'RK°TVTAMDVVYALK'RQGRTLYGFGG

11200 11300 11400 11500 11600
Mass



14.1

fFAS_HUMAN

#21693-22317
[

Full ms [350.00-2;

Score

=T

Mass
2140 275877

w114 peptide matches (68 non-duplicate, 46 duplicate)

M auto-fit to window

Query PF‘F_‘?E Observed
#1382 466.2486
2348 479.2917
#2416 p1 483.2988
#3147 510.8319
#3445 522.2977
#3611 527.3015
#4263 Py 544.7761
#4951 562.3458
6507 600.7976
#7107 616.2621
#7281 621.2665
#7702 p1 420.5490
#7710 630.3246
#7969 p1 637.3804
#2640 650.792%
#2676 651.8397

Mr (expt)

.4826
.5688
.5830

6492
5808
5864
5376
6770
5806
5096
5164
6252
6346
7462
5712
6648

Mr (calc)

930.

556.

964.
1019.
1042.
1052.
1087.
1122.
1199.
1230.
1240.
1258.
1258.
1272.
1299.
1301.

4798
5655
5797
6470
5771
5854
5367
6740
5770
5088
5170
6226
6226
7430
5759
6649

f=1s

o
R

s

127 as_130.89 AV:
‘ool
=3

100 NL: 6.03ES

K*=13C4/'°N, labeled Lys
R* =13C4/15N, labeled Arg

101=.a7
101a.as

10aa.0=

1009.11

os=.8a | ®87.00

108279

1o86.07

oas1r [ 1paros 1ors.os
sss.as 100185 \ : .
os7.es oro.ze / e \ 102384 Loazsa  \ 168700 Tl&“ s N 100 .02
PR N PP O st oo RO 1| T O O 1 el i L w2 82s5e
530 555 peces epsiay perrs psrs 2850 oS
oo
emPAI

Matches Sequences

114 (114)
Ppm H Score
3.010 53
3.530 a5
3.49 0 54
2.1% 0 34
3.58 0 37
2.910 66
0.%2 0 42
2.73 0 24
3.06 0 46
0.71 0 35
1.13 0 52
2.02 0 37
9.54 0 40
2.59 0 52
-3.61 0 31
-0.041 0 40

Cell Culture Labeled for 7 days

48 (48)

Expect

0.001
0.043
0.00058
0.015
0.012
6.3e-005
0.0029
0.04
L0046
0.0081
0.00021

=]

0.011
0.0051
0.0014
0.0057

0.029

1.22 Fatty acid synthase OS=Homeo sapiens GN=FASN PE=1 SV=3

E.VYQWDDEDER.L + Label:13C(6)13N(4) (R)
R.AALQEELQLCR. G

Rank U Peptide
P1 U R.GYAVLGGER.G + Label:13C(6)15N(4) (R)
P1 U HGLVQALQTE.V
P1 U H.GLVQALQTK.V + Label:13C(6)15N(2) (K} —
D1 U R.VARAVDLIIK.S r Label:13C(6)15N(2) ()
p1 U H AQVADVVVSR.W
P1 U §
P1 U R.LSFFFDFR.G + Label:13C(6)15N(4) (R}
P1 U R.SEGVVAVLLTE.K + Label:13C(6)15N(2) (K]
1 U R.LGMLSPEGTCK.A + Label:13C(5)15N(2) (K)
b1 U H AFDTAGNGYCR.S
b1 U H AFDTAGNGYCR.S + Label:13C(6)15N{(4) (R —
P1 U R.FDASFFGVHEE.Q + Label:13C(6)15N(2) (K]
P1 U R.FDASFFGVHPE.Q + Label:13C(6)15N{(2) (K]
P1 U R.LOVVDQPLEVR.G + Labelil3C(6)15N(4) (R]
U
U

Score Mass Matches Sequences emPAI
1.68 Fatty acid synthase OS=Homo sapiens GN=FASN PE=1 SV=2

3.1 ZFAS_HUMAN 5532 275877 222 (222) 70 (70)

w222 peptide matches (84 non-duplicate, 138 duplicate)
vl Auto-fit to window

Observed Mr(expt) Mr(calc)

i

M Score  Expect

523.8415 1045.6684 1045.6627 5.52 0 27 0.032
2903 Py 524.7698 1047.5250 1047.5224 2.50 0 57 0.00035
3005 Py 527.3020 1052.5894 1052,.5854 3.86 0 62 0.00013
3588 544.7788 1087.5430 1087.5367 5.88 0 53 0.0011
3677 547.318% 1092.6232 1092,.6270 -3.45 0 36 0.016
#4209 P2 562.3469 1122.6792 1122,6740 4.69 0 65 3.2e-005
5574 600.7982 11995.5818 1199.5770 4.06 0 48 0.0045
5674 402.870% 1205.5508 1205.5851 4.83 0 41 0.0038
5682 402.8964 1205.6674 1205.6627 3.88 0 28 0.043
#6321 p1 621.2684 1240.5222 1240.5170 4.200 56 6.9e-005
#6688 Py 420.5490 1258.6252 1258.6226 2.02 0 46 0.00068
#6363 P2 637.3810 1272.7474 1272.7430 3.530 56 0.00057
#7753 650.7973 12599.5800 1299.5759 3.16 0 45 0.0002%

9 9 9 9 9 a9 a9 9 9 9 99

| AQUADVVVSE.W + Label:13C(6)15N(4) (R) — Ce" CUIture Labeled fOI" 7 days

Peptide
R.GTPLISPLIR.W + Label:13C(6)15N(2) (K)
R.YSCTLNLDR.V + Label:13C(6)15(d) (R)

K. AQVADVVVSR.W + Label:13C(6)15N(4) (R)
R.LSFFFDFR.G + Label:13C(6)15N(4) (R)
R.QEPLLIGSTE.S + Label:13C(6)15N(2) (K)
R.SEGVVAVLLTE.K + Lahel:13C(6)15N(2) (K)
R.LOMLSPEGTCK.A + Label:13C(6)15N(2) (K)
K.QARTMDPQLR.L + Label:13C(6)15N(4) (R)
R.SDEAVRPFGLE.V + 2 Label:13C(6)15N(2) (K)
K. AFDTAGNGYCR .S + Label:13C(6)15N(4) (R)
R.FDASFFGVHPK.Q + Label:13C(6)15N(2) (K)
R.LQVVDQPLPVR.G + Label:13C(6)15N(4) (R)
K.VYQWDDEDER. L + Label:13C(6)15N(4) (R)




17872_1_7 #1858-1959 RT: 22.95-23.41 AV: 13 NL: 5. 19E4
T: FTMS + p ESI Full ms [350.00-2000.00]
663.38

100

” K* =13C4/1°N, labeled Lys

90

. R* =13C,/'5N, labeled Arg

75
7o
es

so c63.88
55

I A M =10+8=18Da “T" Ratio=Heavy/Light=1:1

ao

35

30

664.39
673.40

10 675.40

664.89 S78e 674.88 | 675.90

e 661.29 ee7.1s 670.41 e73.90 ‘
N 662.83 665.35 e66.42 | c68.18 ces.89 ) N L

676.40 678.37 679.39
T T T T T T T T T T T T T T T T T T T
660 62 e6a 66 ees e70 672 674 e76 678

m/=

DNIQGITKPAIR DNIQGITK*PAIR*

18Da
18Da ¥ ___ MSMS of DNIQGITK*PAIR*
873,66 MSMS of DNIQGITKPAIR

17872 1 7 #1902 RT: 23.14 AV: 1 NL: 1.01E3
T: ITMS + c ESId Full ms2 663.38@cid35.00 [170.00-1340.00]

100 685.43
o5
90

85

so 615,20
75 703.42

[1e1=] oF<)
70 456.31

65
855.90

60 n
e 466.34 663,81

654158
50

45
40 492 .54
35

307 230.07 3QQ1427
25 558.07
20 aaa2 || 602

15

10 22 .27 22991')42‘ 34z.92 411.46 584.3 25:3

’ 358.01 4=8.40 SPeR|775.
| Lebosi] b I5ege 1 WS
o\\_.‘iz‘\?\‘u‘g‘u‘n‘ ; \‘\\ i L.

T
200 300 400 500 600 700

983.84 | |4 i14 251-5e
Lomarsoe, || FPRBessr 7 1° |ii88%d”
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W Sample 1 Sample 2
Keratin, type | cytoskeletal 9 0S=Homo sapiens 0.096 0.049
m Ubiquitin-like modifier-activating enzyme 1 0S=Homo sapiens 0.106 0.182
m Adenosylhomocysteinase OS=Homo sapiens 0.250 0.151
Keratin, type | cytoskeletal 10 0S=Homo sapiens 0.257 0.265
Heterogeneous nuclear ribonucleoprotein F OS=Homo sapiens 0.260 0.254
D-3-phosphoglycerate dehydrogenase 0S=Homo sapiens 0.262 0.276
Heterogeneous nuclear ribonucleoprotein H OS=Homo sapiens 0.284 0.337
Trans-acting T-cell-specific transcription factor GATA-3 0S=Homo sapiens 0.295 0.379
Chloride intracellular channel protein 1 0S=Homo sapiens 0.306 0.316
Adenine phosphoribosyltransferase 0S=Homo sapiens 0.319 0.343
Heterogeneous nuclear ribonucleoprotein DO OS=Homo sapiens 0.359 0.390
Pmteame Discoverer 1, 1,0 Tubulin alpha-1C chain 0S=Homo sapiens 0.380 0.404
Mass Informatics Platform for Protein Scientists m Elongation factor 2 0S=Homo sapiens 0.391 0.609
E Protein S100-A11 OS=Homo sapiens 0.394 0.626
Heat shock 70 kDa protein 1A/1B OS=Homo sapiens 0.412 0.435
C-1-tetrahydrofolate synthase, cytoplasmic 0S=Homo sapiens 0.415 0.835
e, m Splicing factor, proline- and glutamine-rich OS=Homo sapiens 0.418 0.387
A SRR SCIENTIFIC Heterogeneous nuclear ribonucleoprotein H3 0S=Homo sapiens 0.424 0.382
Myotrophin OS=Homo sapiens 0.429 0.420
78 kDa glucose-regulated protein 0S=Homo sapiens 0.442 0.514
Phosphoglycerate kinase 1 0S=Homo sapiens 0.450 0.574
Heterogeneous nuclear ribonucleoprotein K OS=Homo sapiens 0.472 0.445
GTP-binding nuclear protein Ran 0S=Homo sapiens 0.475 0.496
Profilin-2 0S=Homo sapiens 0.484 0.409
Heterogeneous nuclear ribonucleoprotein Q 1.198 1.051
Prohibitin-2 0S=Homo sapiens 1.222 0.706
Peroxiredoxin-1 OS=Homo sapiens 1.251 1.183
405 ribosomal protein S15a 0S=Homo sapiens 1.265 1.124
Annexin A2 0S=Homo sapiens 1.299 1.194
Proteasome subunit beta type-6 0S=Homo sapiens 1.302 1.133
Filamin-A 0S=Homo sapiens 1.310 1.243



Pros and Cons to iTRAQ

One experiment can determine
fold change, protein ID and
Post translational modification

Up to several groups can be
compared at the same time

Mixing at the beginning, allow
more sample preparation steps

significant reduction of
experiment error

High reproducibility

Expensive

Special data analysis
platform

Samples come from cell
cultures

Time consuming



Label-free quantification

doesn’t use a stable

isotope containing compound to

chemically label the protein. It can determine the relative
amount of proteins in two or more biological samples by

comparing peptide peak areas or spectral counting.

Digestion

LC/IMEMS

DataSet M

Digestion Digestion
LC/MSMS LC/MSMS
DataSet C DataSet 1
I I
Peak Area Spectral Counting
MASCOT MASCOT
ProteomeDiscoverer Scaffold

ProteomeDiscoverer

Relative Concentration (emPAl)

MASCOT



Label Free Quantitation by Spectral Counting

.Relative protein quantification is achieved by comparing the number of
identified MS/MS spectra from the same protein in each of multiple
LC/MS/MS

Hongbin Liu, Rovshan G. Sadygov and John R. Yates, lll, A Model for Random Sampling and Estimation of Relative Protein Abundance
in Shotgun Proteomics Anal. Chem. 2004, 76, 4193-4201



Label Free Quantitation by Spectral Counting

} Decoy search summary (reversed protein sequences)

Proteins (17) || Report Builder H Unassigned {2249 ‘

Protein hits (22 proteins)

} Columns: Standard (12 out of 12)

P Filters: (none)

tEamily |M | DB Accession Score | Mass | Matches | Pep(sig) | Sequences | Seq(sig) | emPAI | Description

1 1 | SwissProt_ID | MYG_EQUBU 2474 17072 117 117 13 13| 186.75 | Myoglobin 0S=Equus burchelli GN=MB PE=1 SV=2

1 2 | SwissProt_ID | f/MYG_KOGBR 497 | 17357 41 41 6 6 3.98 | Myoglobin 0S=Kogia breviceps GN=MB PE=2 SV=3

1 3 | SwissProt_ID | &f/MYG_PHYCD 317| 17320 37 37 6 6 3.16 | Myoglobin 0S=Physeter catodon GN=MB PE=1 SV=2

2 1 | SwissProt_ID | fLACB_BOVIN 1918 | 19870 101 101 8 8 13.28 | Beta-lactoglobulin 0S=Bos taurus GN=LGB PE=1 5V=3

2 2 | SwissProt_ID | fLACB_QVIMU 1651 | 18139 93 93 8 8| 14.43 | Beta-lactoglobulin 05=0vis orientalis musimon GN=LGB PE=1 SV=1

k] 1 | SwissProt_ID | #ACYC_HORSE | 1111| 11825 68 68 14 14 3403.10 | Cytochrome ¢ 0S= gety factoglobulin 0S=0vis orientalis musimon GN=LGB PE=1 SV=1
3 2 | SwissProt_ID | fCYC_EQUAS 692 | 11811 44 44 12 12| 167.59 | Cytochrome ¢ OS=EqUUS dsMUS GN=TTCS FES L SV=

3 3 | SwissProt_ID | #fCYC2_BOVIN 346 | 11732 27 27 7 7 35.21 | Cytochrome ¢ 2 05=Bos taurus GN=CYCT PE=3 5V=3

4 1 | SwissProt_ID | fTRY1_BOVIN 237 | 25769 11 11 4 4 1.08 | Cationic trypsin 0S=Bos taurus PE=1 SV=3

5 1 | SwissProt_ID | f'CASQ1_CANFA 47| 6610 1 1 1 1 0.54 | Calsequestrin-1 (Fragment) 0S=Canis familiaris GN=CASQ1 PE=1 SV=1

6 1 | SwissProt_ID | £/PROS_RABIT 43| 71923 1 1 1 1 0.05 | Vitamin K-dependent protein S (Fragment) 0S=0ryctolagus cuniculus GN=PROS1 PE=2 SV=1
7 1 | SwissProt_ID | e/H11_BOVIN 43| 22087 3 3 2 2 0.33 | Histone H1.1 05=Bos taurus GN=HIST1H1A PE=1 SV=1

8 1 | SwissProt_ID | f/COHAL_BOVIN 33| 149062 1 1 1 1 0.02 | Collagen alpha-1(XVII) chain 05=Bos taurus GN=COL17A1 PE=2 SV=1

9 1 | SwissProt_ID | ef4F2_RABIT 33 0 2 2 1 1

10 1 | SwissProt_ID | fCASQ1_RABIT 29| 45235 1 1 1 1 0.07 | Calsequestrin-1 0S=0ryctolagus cuniculus GN=CASQ1 PE=1 SV=1

1 1 | SwissProt_ID | fCRSP2_PIG 28| 12960 1 1 1 1 0.26 | Calcitonin receptor-stimulating peptide 2 0S=Sus scrofa GN=CRSP2 PE=2 SV=1

12 1 | SwissProt_ID | #'RS12_BOVIN 27 | 14505 1 1 1 1 0.23 | 405 ribosomal protein 512 0S=Bos taurus GN=RP512 PE=2 SV=1

13 1 | SwissProt_ID | fIF4G1_RABIT 23| 153955 1 1 1 1 0.02 | Eukaryotic translation initiation factor 4 gamma 1 0S=0ryctolagus cuniculus GN=EIF4G1 PE=1 SV=1
14 1 | SwissProt_ID | /CP4A4_RABIT 19| 58893 1 1 1 1 0.06 | Cytochrome P450 444 0S=0ryctolagus cuniculus GN=CYP4A4 PE=1 SV=3

15 1 | SwissProt_ID | fUROM_BOVIN 17 0 1 1 1 1

16 1 | SwissProt_ID | fCOCH_BOVIN 15| 59556 1 1 1 1 0.06 | Cochlin 0S=Bos taurus GN=COCH PE=2 SV=1

17 1 | SwissProt_ID | FOXA1L_BOVIN 14| 48956 1 1 1 1 0.07 | Mitochondrial inner membrane protein OXA1L 05=Bos taurus GN=0XA1L PE=2 SV=1

# of reports = # of Treatment Conditions X # of Bio-replicates

!

Scaffold




Spectral Counting Results-Scaffold

¥ Scaffold Viewer - Samples - 17168 1D fractionation

| [T

File Edit View Experiment Export Quant Window Help

=N RERAEW R IR

(i

Load Data

Quantify

)

Publish

Display Options: 'Quanmaﬁve Value (Normalized Total Spectra)

Statistics

1458 Proteins at
59.0% Minimum
2 Win # Peptides

95.0% Minimum
0.02% Decoy FOR
e

Protein Identification Probability
Percent Coverage

Percentage of Total Spectra
Exclusive Unigue Peptide Count
Exdusive Unique Spectrum Count
Exclusive Spectrum Count

[Total Spectrum Count

Quantitati a orma d Tota tra

& Bi s

~. | Bio View: =

2 | £ identified Proteins (1458) 3

2 =B ncluding 15 Decoys 2

v gene=gro prote olecula 00749

2 [gene=tufA] [protein=ck ion... NC_007493....
3 [gene=atpD] [protein=ATP synth...NC_007493....
4 [gene=atpA] [protein=ATP synth...NC_007493....
5 [gene=Pnp] [protein=polynucleo... NC_007493....
[ [gene=rpo(] [protein=DNA-direc... NC_007493....
7 [oene=rpoB] [protein=DNA-direc... NC_007493....
8 [gene=dnaK] [protei lecular...NC_007493....
] [gene=RSP_0745] [protein=acet... NC_007493....
10 [gene=tig] [protein=trigger facto..NC_007493....
11 [gene=RSP_1613] [protein=TRA... NC_007493....
12 [gene=dctP] [protein=TRAP dicar...NC_007493....
13 [gene=RSP_0842] [protein=porin...NC_007493....
14 [gene=fusA1] [protein=ek i0..NC_007493....
15 [gene=bztA] [protein=glutamate...NC_007493....
16 [gene=RSP_2923] [protein=bran... NC_007493....
17 [gene=RSP_2663] [protein=suga... NC_007493....
18 C ginA] [protei lutamin...NC_007493....
19 [gene=RSP_1806] [protein=acon...NC_007493....
20 [gene=gabD4] [protein=succinat... NC_007493....
21 [gene=gapB] [protein=glycerald.. NC_007493....
22 [gene=alas] [protein=alanyl-tRMN... NC_007493....
23 C cC] [protei inyl-C... NC_007493....
24 [gene=puhA] [protein=reaction c...NC_007493....
25 [oene=gltB] [protein=glutamate ... NC_007493....
26 [gene=0ppA] [protein=oligopepti...NC_007493....
27 [gene=RSP_1352] [protein=D-3-... NC_007493....
28 [gene=RSP_0161] [protein=sper... NC_007493....
] [g dh] [protei late de... NC_007493....
30 [gene=RSP_2948] [protein=indol... NC_007493....
31 [gene=gltA] [protein=citrate syn...NC_007493....
32 [gene=RSP_0381] [protein=hypo...NC_007493....
33 [g hey] [protein=5-ad NC_007493....
34 lg ysK] [protein=cysteine s... NC_007483....

Protein Threshold: 98.0% ~ ||Min # Peptides:| 2 + ||Peptide Threshold: 95%

-

- Req Mods: No Filter » | Search:
Aerobic Phototrophic \
R Conditions
=
0
E
e o —
5 |8 & e lelz |2 | gTa|le | 2|2
3 el 3 EON OO e o
& I 1 o o e} o o 0 ) o o e}
2 |8 & E|R|E|RE IR | R g & | E | & = =
8 kDa <0.00010 | 1486 1278 | 1342 1215 1210 1359 | 2554 | 2400 | 3219 | 2383 | 3303 | 2948 BIO-RepllcateS e
43kDa 1016 933 942 985 1128 1061 1185 1219 1462 1441 1628 1402 =)
50kDa 028 (686 [ 758 | 743 [ 689 621 (625 (784 (734 (@11 742 (713 | 577
55kDa 0053 (430 (413 [ 455 447 | 501|455 [ 374 [ 436 (305 | 301 [421 433
77kDa 00019 386 399 387 395 378 (306 330 338 312 203 263 172
157kDz  [<0.00010 (397 436 366 335 (407 (417 | 302 | 266 | 263 | 261 | 251 | 478
154kDa 0.00038 391 399 (301 325 (388 420 269 268 252 255 219 163
69 kDa !
40 kDa
49 kDa
34kDa
36 kDa
34kDa
73kDa
36kDa
40 kDa
63kDa
52kDa .
39kDa 038 (214 [218 (168 (188 (193 | 186 (206 (194 224 (475 (148 129
55kDa <0.00010 247 240 281 249 256 255 115 104 115 91 100 13
36kDa 0038 151 120 146 149 173 154 157 191 172 1M 196 297
95kDa 056 451 (162 158 (151 160 150 191 473 162 137 120 114
42kDa 0034 174 144 170 166 190 166 150 165 141 149 147 A
28kDa <0.00010 O 1 0 1 0 2 (189 283 [ 230 (329 | 307 | 306
165kDa  [<0.00010 (197 (216 (189 (188 (218 (205 (113 | &7 (103 | 78 |69 [ 114
58 kDa <0.00010 (113 (109 87 (98 | 88 | 92 (179 220 | 205 256 | 203 | 200
57kDa <0.00010 (106 (104 83 (94 116 (109 196 137 186 | 216 218 171
38 kDa 0015 131 120 128 125 (126 119 142 140 140 150 152 204
36kDa 0013 128 119 145 142 110 127 138 150 164 149 172 140
123kDa 0076 (454 (154 (127 (135 (149 (153 (150 (131 (140 (125 [ 109 | 74
43k0a 025 (142 (141 (136 (131 141 (137 (142 (133 (130 (134 (140 | 88
16kDa 080 (106 [ 96 |84 [ 94 (203 (174 (145 |64 117 | 63 (138 | 290
51kDa - 11 13 118 120 123 114 (142 139 (123 124 | 96 146
] 0020 198 (130 (148 (148 (145 [159 (103 [ 97 (130 107 162 112 -

Protein Information:

Lookup Accession Number In: INCEI (ie:gil1351907, ALBU_BOVIN,P02765)

P-Value

Sample Information:

Biological Sample:
Sample Category:
Sample Description:
M5/MS Sample:

MSMS Sample Notes:



Spectral Counting Results-Scaffold

& Scaffold Viewer - Samples - 17169 1D fractionation

File Edit View Experiment Export Quant Window Help

Protein Threshold:| ~ 99.0% -

EHO R0 AN W

Min #Peptides: 2 «

Peptide Threshald:

95% -

p | Display Options: :Quanﬁiaﬁue Value (Normalized Total Spectra) - Reg Mods: :No Filter - Search:
( Probability Legen: Aerobic Eliuasiu
Load Data over 95% . ‘ ‘ ‘ ‘ ‘
& y
Lty g‘ ¥ Quantitative Analysis Setup - ﬂ
Vo 50% to 79% £
s g 2 |3l -
vx _ ‘E fé g_ 3
5 ] - .
Slmpl N 0% to 19% E % 8 i . Q o Removed Samples: Selected Samples:
1 | [Bio View: _ " 3 e = [ O - Fold Change by Sample
N £z mﬁfgﬂtﬂm (1458) o % £ E E % § ! Sample Category Sample Category
> # = nd Deceys z o — = oo ) Fold Change by Categor 17169 A1 Aerobic A
{720 ] ' [gene=groEL] [protein=molccul: 00749 (e <0.00010] 1486 | 12781 1342), - e TI.AT Aerobic = E
iy || e e | e ’
Proteins . [9 —a01 Lprotein=ATT synn... A% - ol 17169 A4 Aerobic
gene=atpA] [protein=ATP synth...NC_007493.... 55kDa 0.053 430 M3 @ T-Test Add p 17169 A5 ‘Aerobic
5 [gene=Pnp] [protein=polynucleo... NC_007493.... 77kDa 0.0019 386 399 17]69_#\6 ‘Aerobic L
[ [gene=rpoC] [protein=DNA-direc... NC_007493.... 157 kDa <0.00010 397 436 Analysis of Variance (ANOVA) 4 Remove T 69_P f Phototrophic I
7 [gene=rpoB] [protein=DNA-direc... NC_007493.... 154kDa 0.00038 391 399 ) 17169_P2 Phototrophic
EERE 8 [gene=dnaK] [protein=molecular...NC_007493.... 53kDa 00072 233 226 [l = 17169.P3  Phototrophic
Sil?r;l'ilg:;{y g [gene=RSP_0745] [protein=acet... NC_007493... 40kDa 0092 276 (211 | 24 17160 P4 Phatolraphic
10 [gene=tig] [protein=trigger facto..NC_007493... 43kDa 0.00054 298 246 Use Normalization 17169_P5 Phototrophic
] 1 [gene=RSP_1613] [protein=TRA... NC_007493... 34kDa 0.016 195 152 i 1.',1ﬁq_pﬁ Photniranhic -
12 [gene=dctP] [protein=TRAP dicar..NC_007493.... 36kDa 0.0057 264 247 Minimum Value: 0.0 -
Mll‘. 13 {:ene—fﬁl:_lﬁll [p_m tel.“_wr_::__ngﬁgt ;:g: mf ;;; :Ig Quantitative Method: _Tota\ Spectra -
Quantify 15 [gene=bztA] [protein=glutamate..NC_007493.... 36kDa 0.033 151 149
e = ] 16 [gene=RSP_2923] [protein=bran... NC_007493.... 40kDa 0.0036 186 15
T 5 17 [gene=RSP_2663] [protein=suga...NC_007493.... 53kDa <0.00010 395 412
E 18 [gene=gInA] [protein=L-glutamin..NC_007493.... 52kDa 0.29 184 192
= 19 [gene=RSP_1806] [protein=acon...NC_007493.... 39kDa 0.38 214 218
&: 20 [gene=gabD4] [protei inat..NC_007493... 55kDa  [<0.000101 | 247 240
Publis| 21 [gene=gapB] [protein=glycerald... NC_007493.... 36kDa 0038 151 129 : y n . - T
2 [gene=alas] [protein=alanyl-tRN... NC_007493... 95kDa 0.56 151 162 158 151 169 159 191 173 162 137 129 114
3 [g cC] [proteil inyl-C... NC_007493.... 42kDa 0034 174 144 170 166 190 166 159 165 141 149 147 12
24 [gene=puhA] [protein=reaction c..NC_007493... 23kDa <0.00010 0 1 0 1 0 2 189 283 230 320 307 306
25 [gene=gltB] [protein=glutamate ...NC_007493.... 165kDa <0.00010 197 216 189 188 218 205 113 &7 103 78 69 114
% [gene=0ppA] [protein=oligopepti..NC_007493.... 53kDa <0.00010 113 109 &7 98 88 92 179 220 205 256 203 209
Statistics 7 [gene=RSP_1352] [protein=D-3-... NC_007493... 57kDa <0.00010 106 104 83 94 116 109 196 137 186 216 218 171
8 [gene=RSP_0161] [protein=sper... NC_007493... 33kDa 0015 13 120 128 125 126 119 142 140 140 150 152 204
pL] [gene=mdh] [protein=malate de... NC_007493.... 36kDa 0013 128 119 145 142 110 127 138 150 164 149 172 140
30 [gene=RSP_2948] [protein=indol...NC_007493.... 123kDa 0.076 154 154 127 135 149 153 150 131 140 125 1089 74
3 [gene=gltA] [protein=citrate syn...NC_007493... 43kDa 0.25 142 141 136 131 141 137 142 133 130 134 140 88
32 [gene=RSP_0381] [protein=hypo...NC_007493.... 16kDa 0.80 106 96 84 94 203 174 145 64 M7 63 138 290
33 [gene=ahcY] [protein=5-adenos... NC_007493.... 51kDa 0.15 111 113 118 120 123 114 142 139 123 124 96 146
34 [gene=cysK] [protein=cysteine s... NC_007493.... 33kDa 0.020 158 130 148 148 145 159 103 97 130 107 162 112 i
Protein Information: Sample Information:
Lookup Accession Number In: :NCBI (je:gi| 1351907 ALBU_BOVIN,P02783) - Biological Sample:
1458 Proteins at
99.0% Minimum Sample Category:
2 in # Peptides Sample Description:
1.0% Decoy FOR
379681 Spectra at M5/MS Sample:
85.0% Minimum
0.02% Decoy FOR MS/MS Sample Notes:
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Proteing | Total Unigue Peptides | Total Unique Specha‘

Accession Protein Name

NC_007493.1_cds... |[gene=RSP_1440]...
NC_007493.1_cds... [gene=RSP_2669)...
- - NC_007493.1_cds... |[gene=cycI] [prot...
Aerobic Phototrophlc NC_007493.1_cds. . [gene=RSP_154]...
Statistics NC_007493.1_cds. . [gene=magh] [or...
e NC_007493.1_cds... [gene=RSP_1800]...
NC_007493.1_cds... [gene=fdsE] [prot...
NC_007493.1_cds... |[gene=cox11] [pr...
NC_007493.1_cds... [gene=xox]] [pro...
NC_007493.1_cds... |[gene=RSP_2273]...
NC_007493.1_cds... [gene=RSP_0744)...
NC_007493.1_cds... [gene=RSP_1991]...
NC_009007.1_cds... [gene=RSP_3920]...
NC_007493.1_cds... [gene=kdul] [prot...
NC_007493.1_cds... [gene=RSP_2926)...
NC_007493.1_cds... [gene=ugpG] [pro...
NC_007493.1_cds... |[gene=truB] [prot...
NC_007493.1_cds... [gene=RSP_1990]...
NC_007493.1 cds... |[gene=RSP_2588]...
NC_007493.1_cds... [gene=RSP_1487)...
0.02% Decoy FOR NC_007433.1_cds... [oene=RSP_0959]...
MC (07493.1 cds... fnene=RSP 27551,

»

There are no GO terms in your experiment.

m

1458 Proteins at




Spectral Counting Results

Protein ID Accession P Value # of spectra count (Normalized value) Fold # of Total
Number Change Spectra
T-Test Fisher’s | Rsp [ Rsp | Rsp | Rsp | Sap | Sap | Sap | Sap | RspL/Sa | RspL | SapA
Exact Test | L1 L2 L3 L4 Al A2 A3 A4 PA)

DNA translocase FtsK 2i|68249821 2.70E-03 5.09E-02 0 0.74 0 0.95 1.97 3.66 2.24 2.54 0.2 2 10

Tryptophanase 21|68249281 5.90E-03 8.29E-05 9 9.59 7.2 4.73 0 0 4.48 0 6.8 31 4

HemY 21/68249301 7.60E-03 9.97E-03 0 221 3.09] 473| 689 ] 586 | 895] 10.18 0.3 10 32

Multidrug resistance protein A 21|68249485 1.10E-02 7.76E-03 0| 074 1.03 0 1.97 44 56| 254 0.1 2 15

Cytochrome ¢552 2i/68249627 2.40E-02 1.05E-02 72 3.69 | 515 7.57 0 22| 448 0 3.5 24

ATP-dependent protease La 21/68249064 3.10E-02 3.02E-05 0 0 0 0] 6.89 44| 6.71 0 0 0 18

HIK 2i/68248759 3.80E-02 2.76E-02 0 664 3.091 379 591 6.59 [ 12.31 | 12.72 0.4 14 38

FOF1 ATP synthase subunit 2i/68249084 4.00E-02 2.83E-02 0 148 | 3.09 | 2.84 0 0 0 0 - 7 0

delta.

Phosphoglucomutase 21/68249340 4.50E-02 5.77E-03 0 0f 1.03 0 492 366 3.36 0 0.1 1 12

Thiamine biosynthesis 2i|68248777 1.50E-02 7.08E-02 9 132 | 144 14.1 7.88 1 879 7.83 8.9 1.5 51 33

lipoprotein ApbE 8 1 9

Hemoglobin-haptoglobin 2i/68249240 1.50E-02 1.48E-01 541 295 926 568 10.83 | 879 | 13.43 | 12.72 0.5 23 46

binding protein B

Hypothetical protein NTHI1930 | gi|68250232 1.70E-02 1.70E-01 1.8 5161 5.15 3.79 5.91 8.79 6.71 7.63 0.5 16 29

Penicillin-binding protein 5 21|68248580 1.90E-02 9.78E-02 0 2.21 1.03 3.79 4.92 3.66 4.48 5.09 0.4 7 18

FOF1 ATP synthase subunit £1/68249081 3.50E-02 6.18E-02 16.2 8.85 17.4 18.9 8.86 6.59 7.83 | 11.45 1.8 61 35

beta 9 3

Hypothetical protein NTHI1140 | gi|68249554 3.60E-02 1.78E-01 3.6 3.69 1 3.09 1.89 1.97 2.2 1.12 0 2.3 12 5

IgA-specific serine 2i|68249575 4.00E-02 9.62E-02 234 26.5 247 198 ] 10.83 | 21.98 895 | 17.81 1.6 95 60

endopeptidase 1 5 7

Fumarate reductase iron-sulfur 21/68249429 520E-02 2. 79E-02 0 4.43 1.03 0.95 2.95 4.4 5.6 8.9 0.3 6 22

subunit

Heme-hemopexin utilization 2i|68248869 6.40E-02 3.84E-02 0 5.9 7.2 5.68 0 29 0 0 6.5 19 3

protein C

Transketolase. 21/68249596 6.80E-02 1.03E-02 0 0 0 0] 295 0| 448 1.27 0 0 9

5,10-methylenetetrahydrofolate | gi|68250024 7.00E-02 9.13E-04 0O 221 617 ] 2.84 0 0 0 0 --- 11 0

reductase




Relative Quantitation Using emPAlI
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Protein concentration (fmol/ul)

Ishihama Y', Oda Y, Tabata T, Sato T, Nagasu T, Rappsilber J,
Mann M. Exponentially modified protein abundance index
(emPAl) for estimation of absolute protein amount in
proteomics by the number of sequenced peptides per protein.
Mol Cell Proteomics. 2005 Sep;4(9):1265-72

Protein content (mol %) = emPAl/ Y (emPAIl) x100

Protein name Conc | emPA | Protein Content Rank
. | Conc. | emPAI | Conc. | emPA
Fmol |

Elongation factor 1-a 1 870 |9.00 15.04 16.18 |2 1
a enolase 596 | 6.50 10.30 11.69 3 2
Heat shock protein HSP 90-a 940 |6.26 16.25 11.26 1 3
Vimentin 336 | 5.58 5.81 10.03 |6 4
14-3-3 protein 381 | 4.62 6.58 8.31 5 5
40 S ribosomal protein S16 456 | 2.98 7.88 5.36 4 6
Pyruvate kinase, M2 isozyme 216 | 2.06 3.73 3.70 9 7
40 S ribosomal protein S9 135 |1.89 2.33 3.40 12 8
GTP-binding nuclear protein RAN 255 |11.85 4.41 3.33 8 9
ADP, ATP carrier protein, fibroblast 264 |1.64 4.56 2.95 7 10
isoform
Peripherin 84 1.48 1.45 2.66 18 1
Stress-70 protein, mitochondrial 195 |1.42 3.37 2.55 1 12
precursor
Fructose-bisphosphate aldolase A 210 | 1.15 3.63 2.07 10 13
IgE-binding protein 122 |115 [2.11 2.07 13 14
Calreticulin precursor 114 | 1.15 1.97 2.07 14 15
60 S ribosomal protein L11 108 | 1.15 1.87 2.07 15 16
60 S ribosomal protein L17 90 1.00 1.56 1.80 17 17
Peroxiredoxin 4 72 0.85 1.24 1.53 20 18
Voltage-dependent anion-selective 54 0.85 0.93 1.53 21 19
channel protein
T-complex protein 1, e subunit 96 0.81 1.66 1.46 16 20
ATP synthase oligomycin sensitivity 78 0.70 1.35 1.26 19 21
conferral protein
Phosphate carrier protein, mitochondrial | 48 0.55 0.83 0.99 22 22
precursor
T-complex protein 1, a subunit B 36 0.52 0.62 0.94 23 23
Nucleolar RNA helicase Il 30 0.45 ]0.52 0.81 24 24




Relative Quantitation of PTM Using Peak Area

(Based on Retention Time and SIC)

RT: 19.96 - 50.19 SM: 7B .
o000 115GELLEAIKR123 T
E | 514.7983-514.8189 F:
3 FTMS + c ESIFull ms
907 [350.00-2000.00] MS
802 ICIS 30138_TRY
7Oi
g 607
50
L
® 407
g 3
30;
20 RT: 33.66
E AA: 3238508
105 . / RT:36.22 RT: 41.54 RT: 44.32 RT: 48.01
G: AA: 12379095 AA: 3445463 AA:3944626 AA: 2336711
RT: 39.67 NL: 2.39E6
1004 AA: 66098364 Base Peak m/z=
535.8032-535.8246 F:
| FTMS + c ESIFull ms
907 [350.00-2000.00] MS
e ICIS 30138_TRY
> 115GELLEAIK(Ac)R123
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O R A A e e L ANIQQTO0 . AAIT2789
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Time (min)
Sequence m/z Mass Peak Area RT Total Peak Percentage
Theoretical Observed Error (min) Area (%)
115GELLEAIKR23 514.8086" 514.8063% | -4.47 6948813009 | 31.46 99.40
115GELLEAIK(Ace)R123 | 535.8139%* 535.8136%* -0.56 41739255 42.77 6.99E+09 0.60




MALDI Imaging

Obtain sample
* Tissue
* Plants
* Polymers
* Minerals

Basic approach of Imaging MS

Prepare thin
section for analysis

Desorb/ionize analytes Acquire
* lon gun spectra over
* Laser

sample surface

* Molecular beam

..........

----------

Reconstruct two-
dimensional ion
images

Image from 2014 ASMS Workshop



MALDI Imaging

Acqu_i re mass spectrum at each grid coordinate

100%

Define an m x n grid across
sample surface

lon Density Maps show ion Intensity
Intensity at each grid postion



Laser Capture Microdissection Proteomics
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Facility Instruments

1Thermo LTQ Orbitrap
“1Bruker ultrafleXtreme MALDI-TOF
TOF

[1Thermo Scientific LTQ

[1Bruker maXis UHR QTOF
_Bruker amaZon ion trap with ETD
CJEttan Spot Handling Workstation
1Thermo Trace GC-MS
JThermo DSQ Il GC-MS
IMicromass Q-TOF Il
JFPLC System

-(t e N



