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Synopsis

* Need for quantitative analysis of
specific peptides in proteomics

* Principle of reaction ion monitoring

» Selection of peptides for analysis

 The problem of the complexity of mass
space

« Advantages of, indeed need for, a high
speed, high resolution, high mass
accuracy analyzer
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Challenges in biological mass

Quantification
* Isotope labeling
e Label-free

spectrometry
Discovery
* MudPIT :>
* 4D-fractionation
* Top-down

Operational planning

* Pre-experiment planning

e Will the plane fly, as
opposed to determining
why it didn’t crash?

EBNNE/Z04 2 31HBY

* MRM approaches

|

Validation
* MS-MS spectra
¢ Multi-channel MRM

Quantitative proteomics

e Proteomics is rapidly moving out of just being

about discovery

* Investigators want to measure changes

occurring in protein levels in whole networks

— 2-fold changes are not sufficient

— Critical proteins have important changes in
amounts that are 20% or less

e Some proteins are only theoretical

— Others are a result of truncations, mRNA splicing

BMG744 1-31-14
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Selecting peptides for MRM

* Doing so empirically
— Based on previously obtained MS/MS data on “your”
mass spectrometer
. .
* Using published/accumulated data
— Skyline (optimizes for the most sensitive)
* Predicting suitable peptides
— MRMPath/MRMutation (optimizes for biologically
and informatically relevant)
. .
» Carefully assessing mass space complexity
— MRMSpace
BMG744 1-31-14
Pragmatic selection of a peptide
DLG4 HUMAN Mass: 80788 Score: Qmeries matched: 18 emPAT: 0.&88
Disks large homolog 4 O5=Homo sapiens GN=DLG4 PE=1 5V=3
gmery Observed Mr(expt) Mr(calc) Delta Miss Score Expect Rank Peptide
B840 404,71 807.40 807.42 -0.02 1 1% 0.61 1 E.AFDEATE.L
854 406.23 810.45 810.45 -0.00 1 1 24 3 E.RGFYIR.A
1135 436.21 870.40 870.41 -0.01 1] 36 0.0049 1 R.ALFDYDE.T
1173 441.20 880.39 880.39 -0.00 1] 40 0.0019 1 R.EYEIDGR.D
1 519.25 1036.48 1036.49 -0.01 1 20 0.31 1 KE.REYEIDGR.D
2 557.7% 1113.57 1113.57 -0.00 1] 45 0.0013 1 E.NTYDVVYLE.WV
2042 562.24 1122.47 1122.47 -0.00 1] 44 0.00038 1 E.DWGSSSGESQGR.E
2048 563.30 1124.58 1124.5%9 -0.01 o 59 4.8e-005 1 K.IIPGGAAAQDGR.L 2043
2125 578.79 1155.57 1155.58 -0.01 1] 50 0.00032 1 KE.DLLGEEDIFR.E
2349 418.22 1251.64 1251.66 -0.01 1] 41 0.0026 1 R.NASHEQAATALE.N
2357 418.89 1253.65 1253.66 -0.02 1] 38 0.0055 1 R.EVTHSAAVEALE.E
2484 438,91 1313.72 1313.73 -0.01 1 27 0.073 1 R.SLENVLEINER.I
2558 452,23 1353.67 1353.68 -0.01 1] 63 1.6e-005 1 E.HCILDVSANAVE.R
2563 682,32 1362.62 1362.63 -0.01 1] 95 6.%e-009%9 1 R.ANDDLLSEFFPDE.F
2601 462,90 1385.67 1385.69 -0.01 1] 11 2.3 1 E.FGSCVPFHTTRPE.R
2715 505.28 1512.81 1512.83 -0.01 1 62 2e-005 1 R.EGDQILSVNGVDLE.N
2737 513.59 1537.76 1537.77 -0.01 1 32 0.021 1 KE.DLLGEEDIPREPR.R

MASCOT PROTEIN SUMMARY REPORT

BMG744 1-31-14
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IIPGGAAAQDGR

Deseription

disks large homolog 4 isoform 1 [Homo sapiens] >qil 3318653 gb | AAC
post-synaptic density 95 [Homo sapiens]

discs, large homolog 4 (Drosophila), isofoerm CRA_c [Homo sapiens] >
RecName: Full=Disks large homolog 4; AltName: Full=Postsynaptic de
disks large homolog 4 isoform 2 [Homo sapiens] >qi|l 119610661 |gb|E
unnamed protein product [Homo sapiens]

unnamed protein product [Hemo sapiens]

discs, large homolog 4 (Drosophila), isoform CRA_b [Homo sapiens] =
discs, large homolog 4 (Drosophila), isoferm CRA_a [Homo sapiens]
PSD-95 [Homo sapiens]

Tax interaction protein 15 [Homo sapiens] »gi|l 119610660|ab|EAWSC
Chain A, Pdz1 Of Sap90

disks large homolog 2 isoform 1 [Homo sapiens]

hypothetical protein [Homo sapiens]

disks large homolog 2 isoform 5 [Homo sapiens]

discs, large homolog 2, chapsyn-110 (Drosophila), isoform CRA_a [Hc
disks large homolog 2 iseform 2 [Homo sapiens] >qi|215274165|sp|Q
channel associated protein of synapse [Homo sapiens]

unnamed protein product [Homo sapiens]

unnamed protein product [Homo sapiens]

unnamed protein product [Homo sapiens]
BMG744 1-31-14

Pragmatic selection of a peptide

DLG4 HUMAN Mass: 80788 Score: 88 Qmeries matched: 18 emPAT: 0.&88
Disks large homolog 4 O5=Homo sapiens GN=DLG4 PE=1 5V=3
gmery Observed Mr(expt) Mr(calc) Delta Miss Score Expect Rank Peptide

240 404.71 .40 807.42 -0.02 1 13 0.61 1 E.ARFDERTE.L

854 406.23 §10.45 §10.45 -0.00 1 1 24 3 E.RGFYIR.A

1135 436.21 870.40 870.41 -0.01 o 36 0.0045% 1 R.ALFDYDE.T
1173 441.20 880.39% 880.39% -0.00 o 40 0.001% 1 R.EYEIDGR.D
1730 515.25 1036.48 1036.459 -0.01 1 20 0.31 1 KE.REYEIDGR.D

2022 557.7% 1113.57 1113.57 -0.00 o 45 0.0013 1 E.NTYDVVYLE.W

2042 562.24 1122.47 1122.47 -0.00 o 44 0.00038 1 KE.DWGESSSG5QCGR.E
2048 563.30 1124.58 1124.5% -0.01 0 5% 4.8e-005 1 K.IIPGGAAAQDGR.L 2049
2125 578.7% 1155.57 1155.58 -0.01 o 50 0.00032 1 KE.DLLGEEDIFR.E
2348 418.22 1251 .64 1251.66 -0.01 o 41 0.0026 1 R.NASHEQAATALK.N
2357 418.89 1253.65 1253.66 -0.02 o 38 0.0055 1 R.EVTHSAAVEALEK.E
2484 438.91 1313.72 1313.73 -0.01 1 27 0.073 1 R.SLENVLEINER.I
2558 452.23 1353.67 1353.68 -0.01 o 63 1.6e-005 1 E.HCILDVSANAVE.R
2583 682.32 1362.62 1362.63 -0.01 o 95 6.5%e=-00% 1 R.ANDDLLSEFFDE.F
2801 462,590 1385.67 1385.69 -0.01 o 11 2.3 1 K.FGSCVPHTTRFK.R
2715 505.28 1512.81 1512.383 -0.01 1 62 2e-005 1 R.EGDQILSVNGVDLR. N
2737 513.5% 1537.76 1537.77 -0.01 1 32 0.021 1 K.DLLGEEDIFEEFR.R

MASCOT PROTEIN SUMMARY REPORT
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ANDDLLSEFPDK

Description

disks large homolog 4 isoform 1 [Homo sapiens] =qi| 2318653 |gb|AAC
post-synaptic density 85 [Homo sapiens]

discs, large homolog 4 (Drosophila), isoform CRA_c [Homo sapiens] =
RecName: Full=Disks large homolog 4; AltName: Full=Postsynaptic de
=1 disks large homolog 4 isoform 2 [Homo sapiens] =>gi| 119610661 |gb|E
unnamed protein product [Homo sapiens]

unnamed protein product [Homo sapiens]

discs, large homolog 4 (Drosophila), isoform CRA_b [Homo sapiens] =
DLG4 protein [Homo sapiens]

1 | disks large homolog 2 isoform 1 [Homo sapiens]

hypothetical protein [Homo sapiens]

disks large homolog 1 isoform 2 [Homo sapiens] =qgi| 119573995|gb|E
homolog of Drosophila discs large protein, isoform 2 [Homo sapiens]
disks large homolog 2 isoform 5 [Homo sapiens]

disks large homolog 1 isoform 1 [Hamoyaapiens] =qi| 223590196|sp|Q

Selecting peptides

* There are databases of peptides from a
proteome

— These have tools to indicate the best peptides for
analysis

— http://www.srmatlas.org/mrmassays.php
* Limited to yeasts

— MRMPilot — AB Sciex
— Skyline 1.1 - https://skyline.gs.washington.edu/

BMG744 1-31-14
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Directed selection of a peptide

* In some experiments the choice of the peptide is
not based on any previous MSMS data

— The protein may have resulted from mRNA splicing
or to nucleotide deletion within a gene, a premature
stop codon, or to protease activity after a protein has
been synthesized

— In these cases, the peptide that might be formed is
theoretical and its detection may not be optimal — on
the other hand, the scientific question being posed is
critical

BMG744 1-31-14

Searching pathways - MRMPath

* Proteins rarely operate all on their own, but
rather in pathways or groups

 MRMPath is web-based software that was
developed to facilitate recovery of
information about suitable proteotypic
peptides

* It’s based on data mining of the KEGG (Kyoto
Encyclopedia of Genes and Genomes)
databases

BMG744 1-31-14




Use of MRMPath

http://tmpl.uab.edu/MRMPath/

Users select the protease they want to use, the pathway
of interest and the species in which the research was
carried out

— An image of the pathway is presented to them and they

can select either a specific protein by clicking on it, or all
the proteins in the pathway

— The software does an in silico digestion of each protein
and filters the peptides to produce those with 7-25 amino
acid residues

* It also removes peptides containing Cys or Met residues

— The user can BLAST each peptide one at a time, or all at

once

BMG744 1-31-14

MRMutation
Are there canonical protein sequences??
10
5
0

— O G 0 M~
NN~

115
134
153
172
191
210
229
248
267
286
305
324
343
362
381

This plot shows the weighted average of the number of
mutations per amino acid residue for p53. There are 1361
described mutations for 393 amino acid residues.

BMG744 1-31-14
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Multiple reaction ion monitoring

Quantitative analysis of peptides in a
complex mixture carried out using a triple
qguadrupole instrument

LC
lonizer Q1 Q2 Q3 Detector
([ J
BMG744 1-31-14 Courtesy, John Cutts
o &
-@éﬂ P & AV \’56\
o
5> & o o SN &
I I I ] n iy 0 .
1 kb
Exon 1 (SS1) mem. MDFWLWPLYFLP
sol, eeeeceeeiann
Exon 2 (882/1g) mem. VSGALRILPEVKVEGELGGSVTIKCPLPEMHVRIYLCREMAGSGTCGTVVSTTNFI
sol. s eeeeaeaaan. [ - | SR [ceeee e eeeeraaaaes ]
mem. KAEYKGRVTLKQYPRENLFLVEVTQLTESDSGVYACGAGMNTDRGKTQKVTLNVHS
sol. [lrvvvvevrssnsnuasassssssnsontnansnsnsssassssisssassasasns
Exon 3 (stalkl)  mem. EYEPSWEEQPMPETPKWFHLPYLFQMPAYASSSKFVTR
50’. ......................................
niem. VITPAQRGKVPPVHHSSPTTQITHRPRVSRASSVAGDK
Y /e
Exon 4 (stalk 2) e, PRTFLPSTTASKISALEGLLKPQTPSYNHHTRLHRQR
sol. O EEE R Sl
Exon 5(TM) mem. ALDYGSQSGREGQGFHILIPTILGLFLLALLGLVVKRAVERRK
S50, = mmmmmeeeeee s s s e s e s s e —————————————————
Exon 6 (CY1) niem. ALSRRARRLAVRMRALESSQRPRGSPRPRSQNNIYSACPRRARGADAA
sol. [F-OAGPPIGHEDA - PG LPEA - |VAATALPKQHLQRLPAA - SWSGRCR
Exon 7 (CY2) mem. GTGEAPVPGPGAPLPPAPLQ
sal. HR - GPRSRPRS - VA RPAAG
Exon 8 (CY3) mem. VSESPWLHAPSLKTSCEYVSLYHQPAAMMEDSDSDDYINVPA
sol. &
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24“21 . Zoomed Region .
Q?35SPLQAGPPTGR?Y =
604.8 (2+) m/z Parent lon:
Daughter lons: 655.4 y7
| 783.4 ys
896.5 y*
| .h
s P W ¥R -_p‘%l‘..i.‘;"'l“f"{tl‘Esfiié'-ﬂ"w‘k';l«}'}ix:uu1 " :L bt o bk bbb e
5 10 1% 20 25 30 35 40 45 50 55 60 65 70 75 80
Time, min
Liquid Chromatography-Triple TOF
Mass Spectrometry (LC-QQTOF MS)
LC
Detector
lonizer Q1 Q2
°
[
TOF
BMG744 1-31-14 John Cutts
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Pseudo MRM Analysis

Fragment Detect All
Select Peptide peptide Fragments
TOF MS/MS
77777777777777777 7 Spectrum
® > @3 » 3

TOF
* The key difference between the TripleTOF and the triple quad is that the
entire MSMS spectrum is collected by the TripleTOF in a single 50 sec (or
shorter) data acquisition — the selection of product ions is made post-
data acquisition
¢ The mass accuracy of the product ions is 3-5 ppm

BMG744 1-31-14

Specificity of a peptide transition

* A BLAST search only tells us about sequence,
not mass similarity

e Sherman et al. (2009) identified unique ion
signature peptides
—i.e., peptide molecular ions that give rise to
fragment ions that cannot come from other
peptides that pass through the mass filter (0.7

m/z wide) of a quadrupole analyzer set for the
peptide of interest

BMG744 1-31-14
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Peptide (m/z)

How complex is the peptidome “soup”

2000

1500

1000

500

300

0 500 1000 2000 3000 4000
Fragment ion (m/z)

“Theoretic” tryptidome of the human proteome for unmodified

proteins has 3,883,436 b-ions and 4,230,819 y-ions

BMG744 1-31-14

?

100

20

Goals

* To generate a web-based visual tool to evaluate
the complexity of mass space for tryptic
peptides derived from the human proteome

— Building on the work of Jamie Sherman et al. (2009)

* In the region where the precursor ion and
product ions for a “proteotypic” peptide have
been chosen, to identify the names of other
proteins that would satisfy the mass criteria

* To evaluate regions of mass uniqueness and the
impact of reducing the size of the mass window

BMG744 1-31-14
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General procedure

* We have data mined the Expasy.org/Uniprot
web site to automatically

— Download the amino acid sequences of the curated
human proteome

— Extract the known amino acid variants for each
protein (e.g., human p53 has 1361 different amino
acid mutations out of 393 aa residues)

— Extract the curated posttranslational modifications
and the amino acids on which they are located

* Develop web-based tools to inspect the data

BMG744 1-31-14

Let’s look at a small region of mass space

http://tmpl.uab.edu/MRMPath

“DEPARTMENT OF
PHARMACOLOGY AND TOXICOLOGY

argeted
elabolomics & |
nﬂﬁwma | RM Path - software for studying protein pathways

aboratory

Home MRMPath MRMMut MRMSpace Useful Links

Species: | human

m/z Mass minimum: |[705 myz Mass maximum: |715 (X-axis)
Ion Mass minimum: | 800 Ion Mass maximum: |820 (Y-axis)
Submit Reset

BMG744 1-31-14

2/4/2014
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820

Blue = b-ions; Red = y-ions

[M+2H]?* precursor ion (m/z)

w@ s 0 o 4 ¢ O o ¢ ¢ ¢ ¢ 8 & 0 + 0 .
818 [} [ ] L) - ] L ? & * 4 o & " ] [ LA * ® L2
e & o o+ o o o p o o O &6 0o & P @0 0 e e+
816 O L ] ® @ s o @ ¢ g P ¥ ¢ o L - * o & [ )
& ° o o & @ ¢ @ o e o D@ ¢ o+ e O e o o
gla| ¢ ® @ TP . © O
q « . 4 The masses of peptide ions and their . o
E .| ¢ + « fragmentsare not continuously variable > o
S e & o & ¢ o D o ® 6 o s 0 e ® s b e s o
-
& . N
R . lons are not found for every mass combination v
° ] _ » .
S ga| * 0 ¢ 00 ¢ o 0 . @ 6 2 06 8 0+ 0 2.0 + 0
.
T & © @® o @ & o ¢ @ o @ & ® ¢ &F P & o 8 o
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® o ® b o & & # o & P o +» @ @0 0 5 o o
spol® € o o ¢ & & 9 o © © o & ¢ o ® o e @
705 706 707 708 709 710 711 712 713 714 715
[M+2H]?* precursor ion (m/z)
=9 Expanding the resolution —2 m/z by 2 m/z
805.8 Blue = b-ions; Red = y-ions
805.6
*
O &
= 8054 ° ° e o
~
E
c 805.2
S . - .
8 . Now we can see in more detail ions coming
3 . . . .
3 from different peptides, and hence proteins,
= soas that would be detected by the quadrupole
I mass filters
E 804.6
804.4 o * °*° o ¥
L]
804.2
804.0
708.0 708.2 708.4 708.6 708.8 709.0 709.2 709.4 709.6 709.8 710.0
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Maximum mass resolution (0.5 m/z by 0.5 m/z) reveals that the
precursor and product ions are distributed over 100-200 mDa

805.58 . o
Blue = b-ions; Red = y-ions
— 805.53
N
S~
E
c 80548
2 ©
P
o
S 805.43 ®
2 0.0932 Da
s
+_ 80538 R
I 0.1706 Da
—
S g05.33
— - http://
709.3111 805.3640 E?i:ZfaGc:rriiiR]:::ziis—HUMAN WWW.Uniprot.org/unipro
805.28 ! /060303
DSPQGQTTDPSER|SIN3B_HUMAN Paired http://www.uniprot.or|
805.23 e amphipathic helix protein Sin3b uniprot/075182
7093783 805.4256 QSLQV?PDSAIFR]CADlB_HUMAN htt_: WWW.uniprot.or,
sosag ——— - Cigendis. . grpbOdilg 0 00
709.13 e : 709.63
IHTVEKPHELSK|ZNF81_HUMAN Zinc finger  http://www.uniprot.or;
TR | EUBAS2 protein 81 uniprot/P51508
Da Mass defect depends on the amino acid residue
01200 |
RO
0.1000 | . . K
Aliphatic AAs .
\ L
* w
‘@ 0.0800 ] *
[=]
- Vv F
£ * L
E Q H *
o 0.0600 p * @ \
1 =3
£ J o7
n ¢+ N E Aromatic AAs
] .
E 0.0400 | A .JVIet
* S Cys-IOA-CONH,
* D -
G L ]
0.0200 1 + Cys-IOA-COOH
Cys *
* S— /
S-containing residues
0.0000
0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00 200.00

Residue mass (Da)
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lons not to use in MRM experiments

* y, ions are very redundant

— For human tryptic peptides passing through the
710.8 m/z quadrupole filter, there are 90 that have
Lys and 78 that have an Arg C-terminal residue
* The same applies to b, , ions since they also
result from the loss of Lys or Arg C-terminal
residues

* y,and b_,ions are also highly redundant, as are
Y,..1» Yo @nd b, ions

BMG744 1-31-14

Testing peptide validity in mass space

ANDDLLSEFPDK, [M+2H]?** = 682.3224

Y,, = 1292.6005
Y,, = 1178.5576

etc.
m/z mass min | 681 mM/z mass max | 683 (x axis)
ion mass min | 1292 ion mass max 1294 (v axis) | submit Query

BMG744 1-31-14
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1294.0

1293.0

1292.0

681.0

1 Da larger parent ion

15 peptides +

0.7 by 0.7 m/z box

682.0 683,

BMG744 1-31-14

682.3148

1292.5847

ALDYYGLYDDRI>splQ8NDT2IRB15B_HUMAN Putative RNA-binding protein 15B OS=Homo
sapiens GN=RBM15B PE=1 SV=3

682.3224

1292.5999

AIYYAWYEERI>splQ8TBY9IWDR66_HUMAN WD repeat-containing protein 66 OS=Homo sapiens
GN=WDR66 PE=1 §V=2

6823254

PE= =3

682.3260

1292.6071

AFSTHAFSENPRI>splQSTGY3IAHDC1_HUMAN AT-hook DNA-binding motif-containing protein 1
0OS=Homo sapiens GN=AHDC1 PE=1 §V=1

682.3492

1292.6534

AADVAEALYSTPRI>splQ9BQW3ICOE4_HUMAN Transcription factor COE4 OS=Homo sapiens
GN=EBF4 PE=2 5V=2

682.3498

1292.6547

AQVPDTVFHHGRI>splQ9Y2G1IMRF_HUMAN Myelin gene regulatory factor OS=Homo sapiens
GN=MRF PE=1 §V=3

6823624

1292.6799

ADAAL PVWPGGPGRI>splQ3C1VI'YK041_HUMAN Putative uncharacterized protein
ENSP00000334305 OS=Homo sapiens PE=5 §V=2

682.3730

6823862

12927010

12927275

APATPGAQLAPDVRI>splIQ9NTNYISEM4G_HUMAN Semaphorin-4G OS=Homo sapiens
GN=SEMA4G PE=2 SV=1

APVASVPPVHHPRI>spIQ96EL1ICC054 HUMAN Uncharacterized protein C3orf54 OS=Homo sapiens
GN=C3orf54 PE=2 SV=1

682.3855

1292.7261

ADPLHVALEVATKI>splQ9COHS5IRHG39_HUMAN Rho GTPase-activating protein 39 OS=Homo
sapiens GN=ARHGAP39 PE=1 §V=2

682.3912

1292.7375

AGLGILHDIEGIR|>splQ9H4B0IOSGP2_HUMAN Probable O-sialoglycoprotein endopeptidase 2
0OS=Homo sapiens GN=0OSGEPL1 PE=2 5V=2

6823912

1292.7375

AALVPTQAVPGSPRI>splP98095IFBLN2_HUMAN Fibulin-2 OS=Homo sapiens GN=FBLN2 PE=1
SV=2

682.3932

12927415

AQLPVVVFTFSRI>splQ15477ISKIV2 HUMAN Helicase SKI2ZW OS=Homo sapiens GN=SKIV2L
PE=1 5V=3 BMG74471-31-14

2/4/2014
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1180.0
s’ 0
o
1179.0
¥ . .
= "
1178.0
681.0 682.0 683.0
BMG744 1-31-14

6823058 |1178.5237 |QGQSSHYGQTDRI>spIQ6XPR3IRPTN_HUMAN Repetin OS=Homo sapiens GN=RPTN PE=1 SV=1

}8=Homo sapicns GN=DLG4

GQILGFWEEER>spIQ6NSX1ICCD70_HUMAN Coiled-coil domain-containing protein 70 OS=Homo

682.3386 | 1178.5894 | biens GN=CCDC70 PE=2 SV=1

NATALYHVEAFKI>splQSUNW1MINP1_HUMAN Multiple inositol polyphosphate phosphatase 1

682.3568 |1178.6257 0S=Homo sapiens GN=MINPP1 PE=1 SV=1

NALVSYSLVELREsplQOUNT2IPCDAT_HUMAN Protocadherin alpha-7 OS=Homo sapiens

682.3855 |1178.6831 GN=PCDHA7 PE=1 SV=1

BMG744 1-31-14
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Assessing uniqueness and redundancy
using MRMSpace

mDEPARTMENT OF
PHARMACOLOGY AND TOXICOLOGY

argeted
i VIRMPath
roteamics a - software for studying protein pathways
aboratory
Home MRMPath MRMMut MRMSpace Useful Links

Please enter the Mass ranges (m/z mass Vs. lon-mass)

Species: | human =

m/z mass : 710.8 m/z mass range: £ 0,35
ion mass min: 600 jon mass max. 700
(b- & y- ions) (b- & y- ions)
mass window: 0.7 0.2 0.05 0.02

(example: 0.7) (example: 0.2) (example: 0.05) (example: 0.02)

Submit = Reset

BMG744 1-31-14

Narrowing the mass window helps to distinguish different peptides

human proteome - precursor (m/z) (710.8 + 0.35 )

product ion | product ion | Number of Number of Total number Total number
min max y-ions singles b-ions singles of y-ions of b-ions
mass window : 0.7 /

600 649.7 18 P 14 83 71
649.7 699.4 17 17 75 80
mass window : 0.2 ~

600 650 18 &« 16 83 71

650 700 21 17 75 80
mass window : 0.05 e

600 650 37 P 39 83 71

650 700 29 49 75 80
mass window : 0.02 /

600 650 57 « 46 83 71

650 700 53 56 75 80

2/4/2014
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SWATH - fast, deep MSMS

* This approach was described last year by
Rudi Aebersold at a user meeting at ASMS
where a 25 m/z mass window was used

— Published in Mol Cell Proteomics (Gillet et al.)
— All ions passing through the window were
fragmented

— If we select m/z 500-525 for the precursor ion
window and m/z 600-600.7 for the product ion
window, there are b- and y-ions from 470
proteins

BMG744 1-31-14

[M+H]* product ion (m/z)

The ions associated with parent ions are in a
narrow mass range (A=0.23 Da)

600.60

600.55
600.50
600.45 ® ® ® e
L] L) [ L
® ® . e seoe ® e 0@ ® ® o0
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[M+H]* product ion (m/z)

600.45

600.44

600.43

600.42

600.41

600.40

* A 50 mDa mass window cannot distinguish these
ions

* Only three different product ion masses occur for
the 40 different peptides in this region, and these

could only be distinguished with a 10 mDa window

* A 1 mDa mass window is of no further advantage
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[M+2H]?* precursor ion (m/z)

[M+H]* product ion (m/z)
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ALDDILNLK EELANLLIK SEIDLNLIK SLQALVAGLK AQSQLVAGIK
ITSTLQVLK ELAQVLLQK SEIDLNLIK TDLLQVLLK DDVVVAILGK
TEAIILVQK HDSAQLVLK SEIDLNLIK TPWGINIIK DIVINLLLK
VSDLIQLVK IPTLVQIIK SEIDLVQIK VENTLLGLGK GAAYGLAGLVK
DDIVVAILGK LLLSVGILAK SELLLNILK VEWIAGIVK LQDAINILK
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The y-ions have the same empirical formulae and many common ions
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— We deleted 126 for our analysis since they were
— Known sites of modification were added to the

Effects of PTMs on mass space

Cl©

818
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e ExPaSy.org lists 477 known modifications
Addition of PTMs into mass space — yellow and green circles
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Phosphorylation of GRFP-7 interferes with HIF-1a

819.62
819.57
819.52

B19.47 Protocadherin beta—lZ__/).

DINDHSPVFLEK ¢ <€— Hypoxia-inducible factor 1o
819.42 R ILIASPSPTHIHK
Growth factor receptor-bound _

819.37 protein 7 - HLHPSCLGsPPLR

819.32

[M+H]* product ion (m/z)

819.27

819.22

819.17
707.13 707.18 707.23 707.28 70733 70738 70743 70748 707.53 707.58 707.63

[M+2H]3%precursor ion (m/z)

Increasers of mass space complexity

¢ Chemical

— Losses of H,0, NH, and CO, 13C-isotope peaks,
Multiply charged ions

¢ Biochemical

— RP and KP sequences, RR, RK, KR and KK missed
cleavages

— A(cet)ylation of lysine groups, Deamidation of
peptides
* Biological

<> Cleavages (these predominate in the lens) to
produce subpeptides

<> Sequence variations in somatic tissues — NEXTGen
deep sequencing and RNA-seq will overwhelm
existing databases

BMG744 1-31-14
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Decreases in complexity

e Absence of b- or y-ions

— Need to integrate the database with known
fragmentation patterns for your instrument or
instrument types

— The abundance of the protein
e Chromatography

— Better resolution will speed up the overall
analysis and reduce need for stabilization

BMG744 1-31-14

Summary

We have created web browser accessible software to
inspect mass space of the human tryptidome

* Mass space for the human tryptidome in MRM-style
experiments is very complex, but is not random since
it has structure

Redundancy is the highest for the smallest and largest
product ions from a tryptic peptide — these should be
avoided

Narrowing the mass window for the analysis of
product ions decreases redundancy

— However, little is gained in going from 0.7 m/z to 0.2 m/z

BMG744 1-31-14
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Conclusions

* MRMSpace reveals that low mass resolution
triple quadrupole instruments have distinct
limitations for analysis of complex samples
from the human tryptidome

— Presence/absence of b- and y-ions in the MSMS
spectrum (would reduce complexity)

— Differential mRNA splicing and the mutations
expected in cancer and even normal (pre-
disease) subjects (would increase complexity)

BMG744 1-31-14

What do we need?

* It’s critical to collect the whole MSMS
spectrum in one go, not just 3-4 channels of
precursor ion/product ion pairs

e The MS/MS spectrum should be collected
with the same sensitivity as ion pairs on a
triple quadrupole instrument and in the same
time-frame (let’s say 10 msec — that would
allow analysis of 100 peptides per sec)

BMG744 1-31-14
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Tntensiy

Triple Quad vs TripleTOF

Using the TripleTOF™ 5600,
the whole MS/MS spectra can
be obtained in < 50 msec.

High Mass Resolution (30,000+)
and High Mass Accuracy (3-5ppm)

12 114 16 118 120 122
min
1000 *159.0874 *436.2157 *693.3378
900
800 *808.3683
700 *622.2003
600  *130.0607
*285.0845
500
*302.1119
400 *170.0560
300
. *349.1816 *373.1502
200 202.0827 (1) 497,744 . 7913439
*245.1210 (1) +419.1885 +605.2729 *675.3245 (1) *720.3000 .
100 5142104 +763.3589 848.3637
L4
150 200 250 300 350 400 ppd50, 135004 550 600 650 700 750 800 850

Mass/Charge, Da

13.0 13.2 13.4 136 138 14.0 14.2 14.4

Verifying and quantifying C-terminal
truncation

In the rat full-length aA-crystallin is found endogenously at 173 amino
acids. Previous MALDI-TOF Imaging and FT-ICR top-down MS experiments
demonstrated the presence of multiple C-terminal truncations of the a.A-
crystallin.

Full-length rat aA-crystallin has a chymotrypsin cleavage site at #!Phe,
which can be observed as an [M+3H]3* ion.

— FSGPKVQSGLDAGHSERAIPVSREEKPSSAPSS
Chymotryptic cleavages of C-terminal truncations:

— SGPKVQSGLD (truncation at residue 151)

SGPKVQSGLDAGHSE (truncation at residue 156)
SGPKVQSGLDAGHSER (truncation at residue 157)
SGPKVQSGLDAGHSERAIPVSR (truncation at residue 163)
SGPKVQSGLDAGHSERAIPVSREEKPS (truncation at residue 168)

BMG744 1-31-14
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Intensity

18000
16000
- DAY 100 Lens
12000
10000 .
8000 1-151 aa. Truncation DAY 50 Lens
6000 SGPKVQSGLD
4000
2000 DAY 21 Lens
85 9.0 95 10.0 10.5 11.0 115 12.0 125
Time, min

® X|C from 121 C.wiff fsample 1; 121 C, Experiment 10, +TOF MS*2 of 461. 8(100 2000): 722.404 +/- 0.025 Da, Gaussian smoothed
® X|C from 150 C.wiff (sample 1) - 150 C, Experiment 10, +TOF MS"2 of 461.8 (100 - 2000): 722.404 +/- 0.025 Da, Gaussian smoothed
® XIC from 1100 C.wiff (sample 1) - 1100 C, Experiment 10, +TOF MS 2 of 461 8 (100 2000): 722.404 +/-0.025 Da, Gaussian smoothed

6000 Bovme Serum Albumin Loading Control Peptide:
s000 (1fmole/ul)
4000
P AEFVEVTK
2000
100% i
. B

13 114 115 116 117 11.8 BVIG17914 1-32014 121 122 123 124 125 126 127
Time, min

Chymotryptic analysis of aA-crystallin C-terminal
truncations

350,000
5,000 1
300,000 4,000 1
g 3,000
<
250,000 =
$
& 2,000
m 200,000 1,000 7
o
-
L4
= 0+
L1}
o 150,000 oA 1-156 A 1-157 a-Tubulin Std.
ICR/fDay21 =ICR/fDay50  ICR/f Day 100
100,000
50,000
o AJ— T T T
@A l-151 ah 1-156 af 1-157 @f 1-163 @ I-16E ah Full-length  &-Tubulin Std, BSA 5td.

B 41-31.14
“ICR/f Day 21 Viekio: -,-3%0 ICR,/f Day 100
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NanoLC-MS of peptides and
reproducibility of retention time

e Many people prepare their own capillary
columns which sit between the nanolLC
pump and the mass spectrometer

* The columns are subjected to the whims of
of the packing procedure and of air
conditioning in the mass spec laboratory

BMG744 1-31-14

Solutions to retention time variability

* Use machined columns
on a Chip for
reproducibility

* Controlled heating
reduces solvent viscosity
and hence back pressure

— Leads to more rapid and

reproducible retention Eksigeljt Nanoflex
times, and elution of and Chip column

hydrophobic peptides

BMG744 1-31-14
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Reproducibility using the Eksigent-5600 system

Normalized Peak Area

16 1

14

12

10 1

Five injections of the same sample, from zebrafish diet study.
Data shown are the average peak areas for each crystallin,
normalized with the BSA internal Standard, with the standard 8.81%
deviation for the five analyses, and the percent of the SD from

the average normalized value.

7.36%

BB2-Crystallin |3l33-(:rys%’avllllGn744 131 ¥S1-Crystallin YM2A-Crystallin
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