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ESI-MS Spectrum of Horse Apomyoglobin
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ESI-MS Spectrum of Bovine Serum Albumin
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Identification of Peptide Sequences Using
Tandem Mass Spectra and SEQUEST

Tandem Mass Spectrum
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Data Dependant Acquisition

L

Full Scan Is Intensity >
380-2000 m/z Threshold

Is lon
Present In
Mass List

A

Isolate m/z and < Add Mass to

Acquire MS/MS Mass List

Yates et al. Anal Chem, 67, 1426 (1995)
Stahl et al. JASMS, 7, 532 (1996)




Proteomics: lraditional
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Shotgun Characterization of Protein
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Measurement of Peptides by Microcapillary Liquid
Chromatography Tandem Mass Spectrometry
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Measurement of Peptides by Microcapillary Liquid
Chromatography Tandem Mass Spectrometry

e . Traditional Chromatography Column

<+—Microcapillary Chromatography Column

Peptide Mixture

6, Peptides are loaded onto the column
and separated by liquid chromatography
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Acquiring Mass Spectrometry Data of Peptides

Microcapillary i |
Column Q
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» Peptides from the column are ionized

and transmitted into the vacuum
system using electrospray and
trapped in the 2-dimensional ion trap



Acquiring Mass Spectrometry Data of Peptides
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Peptides from the column are ionized
and transmitted into the vacuum
system using electrospray and trapped
in the 2-dimensional ion trap

lons are selectively ejected radially by
their m/z to produce a mass spectrum

The instrument data-system
automatically selects a m/z for further
analysis
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Acquiring a Fragmentation Spectrum

« The trap is then refilled



Acquiring a Fragmentation Spectrum
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The trap is then refilled

All ions are ejected from the trap

except the predetermined m/z

The energy of the isolated ion is

iIncreased resulting in collisions
with the helium gas in the trap




Acquiring a Fragmentation Spectrum
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Mass Spectrum Review
124

Tandem Mass Spectra of Peptides
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1 to 2 Seconds per cycle
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Acquire mass spectrum

Select precursors for tandem mass spectrometry
Selectively isolate and fragment precursor ions.
Repeat for 3 different precursor ions
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Spectrum Identification

MS/MS spectra /'

>MEKK?1 (kinase)
MDRILARMKKSTRRGGDKNI
TPVRRLERR...

>ATMKKS (kinase kinase)
MKPIQSPSGVASPMKNRLRK
RPDLSPPLPHRDVALAVLP...

Database: fasta file

SEQUEST

Peptide ID list

Beowulf Computer Cluster

v

Scanl
Scanl
Scanl

EGSSDEEVP..
TEAEILNPI..
AREFDLNNHD...

EDEESTIRAV..
WLGDDCFEMV...
IDRAAWKAV...

ETITTRDMGN...
GRNMCTAKL...

ID proteins
from
peptides...




Spectrum Identification

SEQUEST Peptide 1D list

. | Scanl 0.7 EGSSDEEVP..

=2, m/z|= 720 Scanl 0.3 TFAEILNPI..

~—~ Hmase( 41‘ Scanl 0.2 ARFDLNNHD..

o Scan2 0.5 EDEESIRAV..

Scan2 0.2 WLGDDCFMV...

MS/MS spectra / score = 0.3 Scan2 0.1 IDRAAWKAV..

Scan3 0.2 EITTRDMGN..

“MEKKT (kinase) _ Scan3 0.1 GRNMCTAKL..
MDRILARMKKSTRRGGDKNI

TPVRRLERR...

SATMKKR (kinaca kinaca)

Mk TFAEILNPITWR LR

KKruLsSrrLPHHUVALAVP...

Database: fasta file



Femtomole sequencing of
proteins from polyacrylamide
gels by nano-electrospray
mass spectrometry

Matthias Wilm*, Andrej Shevchenko™,
Tony Houthaeve*, Stephen Breitf,

Lothar Schweigererii, Theodore Fotsisii
& Matthias Mann*§

*Protein & Peptide Group, EMBL, Meyerhafstrasse 1, 69117 Heidelberg,
GErmMary

TOvizion of Oncology and Haematology, Children’s Hospilal,

University of Hedelberg, INF 150, 89120 Haidelberg, Garmany

MoLecurar analysis of complex biological structures and pro-
cesses  increasingly requires sensitive methods for protein
sequencing. Electrospray mass specirometry’ has been applied
to the high-sensitivity sequencing of short peptides?®, but technical
difficulties have prevented similar success with gel-isolated
proteins. Here we report a simple and robust technigue for the
sequencing of proteins isolated by polvacrylamide gel electro-
phoresis, using nano-electrospray™ tandem mass spectro-
metry'®. As little as Sng protein starting material on
Coomassie- or silver-stained gels can be sequenced. Multiple-
sequence stretches of up to 16 amino acids are obtained, which
identify the protein unambiguously if already present in data-
hases or provide information to clone the corresponding gene. We
have applied this method to the sequencing and cloning of a
protein which inhibits the proliferation of capillary endothelial
cells in vitro and thus may have potential antiangiogenic effects on
solid tumours.
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FIG. 1 Testing and sensitivity of the new procedure using BSA, 3, Peptide ion
spectrum of B3A at 800 fmol total matenial loaded on a gel. Peptide peaks
are laballed according to thedr identification by tandem mass spectrometry,
b, Fragmentation of the salected doubly charged peplide ion at mass-to-
charge myz 740.5. Fragmentation of tryptic peptides at the amide bonds
predominantly produces ion series containing the C terminus (designated
¥i, Wi, and so on, sae ref. 14). A continuous Y ion series™® could be
assigned 1o e dominant peaks in the spactrum yielding the saguende Lx-
Gly-Glu-Tyr-Gly-Phe-Gln-Asn-Ala-Loc- Le-Val-Arg, where L is either Leu ar
lle, which corresponads to a tryplic peptida of BSA. ¢, The same ion as in b,
cbtained in a separate expanimant in which S0 fmol BSA was loaded anlo a
gel that was silver stained.

METHODS, BSA was quantiied by amino-acid analysis, Acndamide gels
were prepared wsang standard protecols and stained with Coomassie blue,
in gel reduchion, acetamidation and tryplic digestion wera similar to
published procedures!®5, After washing with 100 mM NHHCOD, and
acetonitlie, gel pieces werg swollen in the digestion buffer containing
S0mM NHHCD,, 5mM CaCl, and 12.5ngul* trypsin (Boehringer
Mannheim, sequencing grada) at 4 °C. After 45 min, the supematant
was aspirated and replaced with 5-10 pl of the same bulfer without trvpsin
to keep gel pleces wet during erzymatic cleavage (37 °C, owemight).
Peptides were extracted by three changes of 5% formic acld and acetonitnle
and dried down. Approximately 100 nl of POROS B2 sorbent (Perseptive
Bicsystems) was placed in the tip of a pulled GC 100F-10 (CEl, Pang-
boumel capillary. Mote that the resin is not packed, and that ne frit or other
micra LC assembling is necessary. A new capillary and a new portion of resm
are used for each analysis to avold cross-contaminations even at the
fermtomade level, Dried peptide micture was dissolved in 10pl 5% formic
acid, loaded onto the pre-equilibrated capillary, washed and eluted with
B0% methanal in 5% formie acld into the spraying capillary. The elution
volume is 10-fiodd larger than the resin volume, resulting in good peptide
recovery. Mano-electrospray was performed on an APL I (Perkin-Elmer
Sciex, Ontario, Canada) mass spectrometer as described™’. For precursar
ion selection, quadrepole 1 was set to transmit a mass windowaf 2 Da., Step
size for the tandem mass spectrawas 0.2 Da, and resolution was set so that
fragment masses could be assigned to better than 1 Da.
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FIG. 2 Igentification of protein interaction partners. a, Part of the paptide ion
spectrum of a tryptic digest of a band of 160K protein excised from
i . . e : polyacrylamide gel. Peplides that were not present in blank were
550 600 680 T00] ThO 800 sequenced, The major peaks are tnptic peptides from rabbit antibody

mi light chain (A). b, Tandem mass spectrometry of ane of the other peptide

wns shown in &, Thie massas of he ion and of four fragmeant ions were
(Ma2HE assembled by PeptideSearch into a peptide sequence t&g'. This tag
3 unigualy retrieved carbamoyl-phosphate synthase (M, 164K from a nan

b :
103y & 1erminus M mriminug ; i ; ;
radundant, inclusive sequence database (NRDB, maintained by C. Sander
Fhe Glu Lxx y Val Al ; g : !
e e e EMBL). As shown in b, the complete series of ¥° ions confirms that the
Ty peptide sequence found s correcl. Mass spectra of threa ather ians
[laballed C in a) identified the same protein,
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FIG. 3 Sequencing of a peplide from an endothalial cell
growth inhibitor, a, Tanderm mass spectrum of a peptide with
miz 599.3 from the tryptic digest. b, Tandermn mass
spectrum of the same peptide sequenced after asterifica-
tion® af the total digest midiura. Esteriication resulls in a
characteristic mass shift of the C terminus containing frag-
ment ians (v ions) by 14 Da and an additional ghift of 14 Da
for each Asp or Glu residue. The asterisks indicate the
incorporated mathyl groups. Software-assisted matching of
the spectra in a and b allowed assignment of the sequence
with a high degree of certainty.

METHODS. The protein was purified from 201 conditioned
rmedirm from human neurobastoma cells wsing the inhibition
of proliferation of endothelial cells as an assay. After initial
concerntration using ultrafittration, the conditicned medium
was subjected to cation-exchanged chromatography and
chromatofocusing to ennch the inhibitory activity, Final
purification was performed using preparative native PAGE
followed by preparative isoelectric focusing in tubes (T.F., in
preparation). SDS-PAGE analysis indicated the presence of
a protein of M, 45K (both under reducing and non-reducing
conditicns) and a vield of approgimately 400 ng. Half of the
gel plece containing 200ng of the purfied protein was
subjected to the new mass-spectrometnc seguencing pro-
cedure,
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TABLE 1 Comparizon of the deduced amino-ackd sequence to the partial sequences obtained by tandem mass spectrometry

Mucleic acid sequence of clorad gene Deduced amino-acid sequance Amino acid saquence obtained by mass
spectrometry

GAA CCT GTT CTT TCA CCT GAA CAC AGA Glu-Pro-Val-Leu-Ser-Pro-Glu-His-Arg Glu-Pro-Val-Lex-Ser-Pro-Glu-His- Arg

GAA TTA ATC CAA TAC ATG ATG GCA GGT Glu-Leu-lle-Gin-Tyr-Mat-hat-Ala-Gly-lle-Thr- Glu-Lao-Lo-Gln-Tyr-Meat-Met -4 a- Gly- Les-

ATT ACT AfR Lys Thr-Lys

RAC CCA TTT GCA TCA GTT GGT AAT GGT Asp-Pro-Phe-Ala-Ser-Val-Gly-Asn-Ghy-Val-Thr- Asp-Pro-Phe-Ala-Ser-Val-Gly-Asp-Gly-Val-

GTT ACA ATT CAC TAC ATG CGT b -Hig-Tyr-Mat-Arg Thir-Loox- Hes-Tyr-Mest-Arg

ACT CCA TGA TAC TAT GAC CCA GCA ATG Thir-Pro-Trp-Tyr-Tyr-Asp-Pro-Ala-Met-Lys Thr-Pro-Trp-Tyr-Tyr-Asp-Pro-Ala-hMet-Lys

AAS

ACT GAC CTA GAA ACT ATT ACT TTA TTA GCT Thr-Asp-Leu-Glu-The-lle-Thr-Leu-Leu-Ala-Lys Thir-Aspe- Lon-Glu-Thr- Lo The- Log-Lod-Ala-

AR Lys

ATA GTT GCA ATT AAT GTT CCT Aah [he-Val-Ala-lke-Asn-Val-Pro-Lys Lex-Val-Ala-L-Asn-Val-Pro-Lys

TGT ATG TCA ATG CCT CTT TCA CGT Cys-Met-Ser-Meat-Pro-Leu-Sear-Arg Cys-Met-Ser-Met-Pro-Lic-Ser-Arg

The peptide Cys-Met-Ser-Met-Pro-Loe-Ser-Arg (L s Leu or llg), which was at the most C-terminal positon (as judged by homology), was used to
generate an antisense PCR primer (5-TGATAAMGGCATTGACATAC-3'), As sense primer, a sequence from the 5'-consensad region of the Mycoplasma anginin
(2 -AGGAATTCACGTTTATTCAG-3') was used to obtain a nearly full-length clone using DNA prepared from the contaminated tumour cells as template. The
sequence has been deposited with the EMBL data library (accession no, X83471). The only discrepancy obsened was the prediction of Asn from the
nuclectide sequence of the cloned protein instead of the mass spectrometnically seguenced Asp in one of the peptides {underined), Because the identity of
Azp i absolutely certain owing to the 414 Da mass shift induced on this amino acid by the demvatization procedure in conjunction with the mass-
spectrometnc data on the underivatized peptide, it is concluded that deamidation of the aming acid must have occurred during the purification procedure, an
event ot unusual during protein purification. Thus the aming-acid seguence provided by mass spectrometry was entirely comect.



Large-scale analysis of the yeast proteome
by multidimensional protein
identification technology

Michael P. Washburn'®, Dirk Wolters't, and John R. Yates Il11.2*

We describe a largely unbiased method for rapid and large-scale proteome analysis by multidimensional lig-
uid chromatography, tandem mass spectrometry, and database searching by the SEQUEST algorithm,
named multidimensional protein identification technology (MudPIT). MudPIT was applied to the proteome of
the Saccharomyces cerevisiae strain BJ5460 grown to mid-log phase and yielded the largest proteome analy-
sis to date. A total of 1,484 proteins were detected and identified. Categorization of these hits demonstrated
the ability of this technology to detect and identify proteins rarely seen in proteome analysis, including low-
abundance proteins like transcription factors and protein kinases. Furthermore, we identified 131 proteins with
three or more predicted transmembrane domains, which allowed us to map the soluble domains of many of
the integral membrane proteins. MudPIT is useful for proteome analysis and may be specifically applied to
integral membrane proteins to obtain detailed biochemical information on this unwieldy class of proteins.



Complax Peptide Mixure Figure 1. Multidimensiconal protein identification technology (MudPIT). Based on
Offtine Loading the method of Link et al.!%, complex peptide mixtures from different fractions of a
of Packad : S. cerevisiae whole-cell lysate were loaded separately onto a biphasic
Microcommn ] EE—— microcapillary column packed with strong cation exchange (SCX) and reverse-

phase (RP) materials. After loading the complex peptide mixture into the
microcapillary column, the column was inserted into the instrumental setup.
Xcalibur software, HPLC, and mass spectrometer were controlled simultaneously
by means of the user interface of the mass spectrometer. Peptides directly eluted
into the tandem mass spectrometer because a voltage (kV) supply is directly
interfaced with the microcapillary column. As described in the Experimental
Protocol, peptides were first displaced from the SCX to the RP by a salt gradient
and eluted off the RP into the MS/MS. In an iterative process, the microcolumn was
re-equilibrated and an additional salt step of higher concentration displaced
peptides from the SCX to the RP. Peptides were again eluted by an RP gradient
into the MS/MS, and the process was repeated. The tandem mass spectra
generated were correlated to theoretical mass spectra generated from protein or
DNA databases by the SEQUEST algorithm?'.

KV Attachment of
Microcolumn




e 100 um 1.d. fuse silica

Link et al, Nat Biotech (1999)
Washburn, Wolters, Yates, Nat Biotech (2001)




e 100 um 1.d. fuse silica

e Tip 1s pulled to ~5 ym L.D.



e 100 um 1.d. fuse silica I
e Tip 1s pulled to ~5 ym L.D.

e Pack with C18 material 1%t




e 100 um 1.d. fuse silica

e Tip 1s pulled to ~5 ym L.D.
e Pack with C18 material 1%
e Pack with SCX material 2"




e 100 um 1.d. fuse silica I
e Tip 1s pulled to ~5 ym L.D.
e Pack with C18 material 1%
e Pack with SCX material 2"

e Peptide digest 1s loaded off-
line
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e 100 um 1.d. fuse silica

e Tip 1s pulled to ~5 ym L.D.
e Pack with C18 material 1%
e Pack with SCX material 2"

e Peptide digest 1s loaded off-
line




Multidimensional Protein Identification
Technology (MudPIT)
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« Step 1 — Reverse Phase Gradient
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l MudPIT

« Step 1 — Reverse Phase Gradient

» Step 2 — Salt Pulse
H,O MeCN NH,OAc _
» Step 3 — Reverse Phase Gradient
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l MudPIT

« Step 1 — Reverse Phase Gradient
» Step 2 — Salt Pulse

H,O MeCN NH,OAc _

» Step 3 — Reverse Phase Gradient
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uLC/uLC/MS/MS of C. elegans Peptides

MS/MS Spectra: 280290  Proteins Identified
Peptides Identified: 2753 With >95% Confidence: 941



Qualitative Analysis of Tandem Mass Spectra

100,000’s of
MS/MS Spectra

Database Search Output Sorting and
Using SEQUEST Filtering
l-g Protein
— N —0 Identifications
H B B [ ]
R ICRH ICE e

Beowulf Computer Cluster

Peptide IDs

Spectrum 1: ERTYILDFGH
Spectrum 2: WEQTMNVCSW
Spectrum 3: ERTYEWIPWQ
Spectrum 4: ...

Assembly Using
DTASelect
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Figure 2. Codon adaptation index (CAl) distribution of the identified S. cerevisiae
proteome and the predicted S. cerevisiae genome. (A) CAl distribution of the proteins
predicted in the S. cerevisiae genome. (B) Compare this to the distribution of the
proteins identified in this study over CAl ranges. In both cases, the largest protein region
is found between the CAl range of 0.11 and 0.2. (C) The average number of peptides
identified for each protein in a particular CAl range was determined and plotted against
CAl ranges.



Table 1. Known subcellular localization of proteins identified in
S. cerevisiae fractions?

Subcellular Soluble Lightly Heavily
compartment fractionb washed washed
insoluble insoluble
fraction® fraction®
Cell wall 2 1 1
Plasma membrane 5 18 35
Cytoplasm 286 264 274
Cytoskeleton 11 20 22
Endoplasmic reticulum 12 36 42
Golgi 3 10 16
Transport vesicles 4 14 16
Nucleus 67 122 151
Mitochondria 43 87 83
Peroxisome 2 3 3
Endosome 1 1 2
Vacuole 5 10 6
Microsomes 0 0 1
Lipid particles 0 2 3

aSubcellular localizations obtained from the S. cerevisiae subcellular localiza-
tion catalog at the Munich Information Center for Protein Sequences website 24.
®Proteins identified in individual runs were analyzed for their subcellular local-
ization. The subcellular localization of many of the proteins detected and identi-
fied is unknown. Therefore, not all of the proteins detected and identified are
represented in this table.
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Figure 3. Peptide mapping of the integral membrane protein PMA1. A
two-dimensional representation of PMA1 is displayed. Cylinders represent
the predicted Tm domains as reported by MIPS (ref. 24). The protein
segments between predicted Tm domains are drawn to approximate
scale. Black lines and green cylinders represent segments of the protein
not identified in this study. Red lines and the red cylinder represent
segments of the protein identified in this study. One peptide was detected
and identified between Tm domains 2 and 3, 10 peptides were detected
and identified between Tm domains 4 and 5, and one peptide was
detected and identified in the C terminus. We also detected and identified
a peptide corresponding to Tm domain 5 in our analysis. The 320-amino
acid domain between Tm domains 4 and 5 is the largest in the protein.



Table 2. Proteins identified containing three or more predicted
transmembrane domains?

Number of Number of Number of Percentage
predicted proteins proteins in class  of total
transmembrane in class identified predicted
domains by MudPIT

3 185 31 17

4 101 16 16

5 57 12 21

8 58 14 24

7 56 7 13

8 54 13 24

9 71 12 17

10 53 14 26

11 30 4 13

12 15 4 27

13 8 3 38

14 3 0 0

15 4 1 25

16 1 0 0

20 1 0 0
Totals 697 131 19

The Munich Information Center for Protein Sequences website was used to
obtain this information?*. The prediction of transmembrane domains at this site
is based on Klein et al.** and Goffeau et af°.




Table 3. Proteins identified with 10 or more predicted transmembrane (Tm) domains?

Locus Name No. of No. of Peptide Peptide hits CAl MW Membrane
predicted peptides hits within to (kDa) localization
Tmdomains  identified Tm domains® largest soluble in cell
domain
YCRO17C - 15 2 N 1 0.16 108 -
YGR0O32w GSC2 13 4 N 3 0.21 217 Plasma
YIL030c SSM4 13 1 N 0 0.17 151 -
YJL198w - 13 1 N 1 0.18 98 -
YDR135¢ YCF1 12 3 N 2 0.15 171 Vacuolar
YKL20%9¢ STES6 12 1 N 1 0.13 145 Plasma
YLLO15w - 12 1 N 0 0.14 177 -
YLR342w FKS1 12 6 1P 3 0.27 215 Plasma
YGLO22w STT3 11 2 N 2 0.21 82 ERc
YNL268w LYP1 11 1 N 1 0.22 68 Plasma
YNRO13c - 11 3 1P 1 0.19 99 Plasma
YPLO58c PDR12 11 6 N 3 0.29 171 -
YBROB8c BAP2 10 2 N 0 0.16 68 Plasma
YBR243c ALGY 10 2 1R1C 0 0.13 50 ER
YDR342c HXT7 10 1 N 1 0.52 83 Plasma
YDR343c HXT8 10 2 N 1 0.52 63 Plasma
YDR345c HXT3 10 1 N 1 049 83 Plasma
YDR497c ITR1 10 1 cC 0 0.19 64 Plasma
YER119¢ - 10 1 P 0 0.10 49 -
YFLO25¢ BST1 10 1 N 0 0.13 118 ER
YGLO08c PMA1 10 13 1C 10 0.73 100 Plasma
YGR125w - 10 1 1P 0 0.12 117 -
YHR0%94c HXT1 10 1 N 1 0.41 63 Plasma
YLLOB 1w MMP1 10 1 N 0 0.13 64 -
YOR328w PDR10 10 1 N 1 0.13 176 Plasma
YPLO3B8w PMA2 10 11 1C 10 0.30 102 Plasma

#The Munich Information Center for Protein Sequences website was used to obtain this information. The prediction of transmembrane domains at this site is based on Klein
et al.* and Goffeau et al.*> "Abbreviations: N, none; P, partially covers a transmembrane domain; C, completely covers a transmembrane domain. °Endoplasmic reticulum.
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Figure 4. Sensitivity of MudPIT to a wide variety of protein classes. The
percentage of proteins identified in this study from a variety of protein
classes is presented. The percentages were determined by dividing the
number of proteins identified in the study in each category shown by the
total number of predicted proteins from each category shown. MIPS (ref.
24) and the Yeast Proteome Database® were used to obtain the predicted
numbers of proteins from S. cerevisiae in each class. From left to right are
the percentages identified of total proteins, proteins with a CAl <0.2,
proteins with a pl < 4.3, proteins with a pl =11, proteins with a MW
<10kDa, proteins with a MW =180 kDa, integral membrane proteins
(IMPs) with three or more predicted transmembrane domains, and
peripheral membrane proteins (PMPs).




Quantitative Mass Spectrometric Multiple
Reaction Monitoring Assays for
Major Plasma Proteins*

Leigh Andersoni§ and Christie L. Hunter"]

Cluantitative LC-MS/MS assays were designed for tryptic
peptides representing 53 high and medium abundance
proteins in human plasma using a mukltiplexed multiple
reaction monitering (MEM) approach. Of these, 47 pro-
duced acceptable quantitative data, demonstrating with-
in-rnun coefficients of variation [CVs) (n = 10) of 2-22%
(78% of assays had CV =10%). A number of peptides gave
CVs in the range 2-7% in five experdments (10 replicate
mns each) continuously measuring 137 MEMs, demon-
strating the precision achisvable in complex digests. De-
pletion of six high abundance proteins by immunosub-
traction significantly improved CVs compared with whole
plasma, but analytes could be detected in both sample
tvpes. Replicate digest and depletion/digest runs vielded
correlation coefficients (R%) of 0.995 and 0.989, respec-
tively. Absolute analyte specificity for each peplide was
demonstrated using MEM-triggered MS'MS scans. Reli-
able detection of L-selectin (measured at 0.67 pg/mi) in-
dicates that proteins down to the pg/ml level can be
quantitated in plasma with minimal sample preparation,
yielding a dynamic range of 4.5 orders of magnitude in a
single experiment. Peptide MRM measurements in plasma
digests thus provide a rapid and specific assay platfonm for
biomarker validation, one that can be extended to lower
abundance proteins by enrichment of specific target pep-
tides (stable isotope standards and capture by anti-peptide
antibodies (SISCAPA)). Molecular & Cellular Proteomics
5:673-588, 2006.
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Fiz 1. MIDAS workflow (MBM-triggered MS/MS) verification of the identity of peptide DLQFVEVTDVK reprasenting fibronectin
(mormal cencentration, 300 pg/mi) in a digest of depleted human plasma. A shows the ion curent profile of MRM 647.3/780.4
(M31/MS2Z), and B shows the MS/MS spectrum of peptide fragments taken at the time ofthe peak (* marks the y7 fragment monitored in this

MBM). cps, counts paer second.



TaeLE |
Summary design of data sals fexpenments A-F)
Replicate nunz wers parformad in sedes with 20-min washes batwean runs. Load is expressad as the equivalent volume of plasma from
which the sample was derved. Load factors exprass total or non-depleted (MARS flow-through) loads relative 1o exparimeant A,

: Replicate Equivalent plasma Load factor PolySIs
Experiment runs Sample LG system volune loaded  Total protein Mon-depleted proteins — 2pike
il frmal
A 10 Cepleted plasma digest LS Packings 0.0 1 1 1.3
B 10 Whola plasma digest LC Packings 0.01 10 1 1.3
[ 10 Whole plasma digest Ek=igant 0.001 ] A 2.0
D 10 Copleted plazma digest  Eksigent 0.0 0.6 1 2.0
E 10 Cepleted plasma digest  Eksigant 0.023 2.3 2.3 &.0
Fi_1 4 Dapletion 1, digast 1 Eksigant 0.0 1 1
Fi_2 4 Depleticn 1, digest 2 Eksigant 0.0 1 1
F2 1 4 Depletion 2, digest 1 Eksigant 0.0 1 1
Fz2 2 4 Depleticn 2, digest 2 Eksigant 0.0 1 1
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Fiz. 2. Histogram of CVs of MAM values [peak areas) for five
experiments [experiments A-E) across all 137 MRMs (4) or
across the 47 “best"” MRMs (B).



TeeLe 11
A sat of MRMs designed and tested for the detection of 53 protains in human plasma or serum

Protein name, tryptic peptide sequence, retention time in experiment D, peptide mass (M31, mz), singly charged fragment MS2 {m/z), maan
peak arga values, and CWs for 10 replicate analyses across five expeariments are shown,

5 B Mean Peak Areas CWV (%)
- =
£ B
%3 =
T o Protein Paptide Sequence B m @ MS1/MS2 A B [ D E A | B|lC | D|E
1 Afamin DADPOTFFAK 21.5 X 563.8 f B25.4 1.7E+05 2.0E+05 3.2E+04 1.6E+05 3.7E+05 8 9 10 4q 6
2 5638 / 540.4 3.8E+04 5.9E+03 3.5E+04 3.1E+04 7.0E+04 J. 185 17 10 10
3  Alpha-1-acid MWGLSVYADKPETTE 19.7 570.3 f 1052.5 2.3E+05 5.9E+04 1.9E+05 1.6E+05 3.1E+05 6 12 9 B 17
glycopratein 1
4 x 570.3 / 575.3 3.9E+05 9.7E+04 3.3E+05 3.0E+05 5.9E+05 - e | 7 8 16
5 57¥5.5 / 1068.5 1.4E+04 2. 3E+04 6.4E403 9.0E+03 2.5E+04 i1 21 i1 25 16
a6  Alpha-1- EIGELYLPK 2.4 5831.3 /6334 S.0E+05 1.2E+05 T.5E+405 4 3E+05 0.9E+05 5 & & 3 5
antichymalryp
sin
7 o 531.3/819.5 7.5E+05 1 6E+05 1. 1E+06 5.7E+05 1.3E+06 2 s 7 2 5
g 535.3 /8275 4.7E4+04 1.6E405 5.7E404 B.IE4+04 2.0E4+05 5 12 E} 3 =}
9 Alpha-1B- LETPDFQLFK 7.7 619.4 / 995.5 2.1E+05 2.7E+04 1.9E+05 1.2E+05 3.0E+05 4 711 714
glycoprotein
10 X 519.4 / 894.5 5.2E+05 7.3E+04 5.0E+05 3.0E+05 B.1E+05 3 2 7 5 11
11 Alpha-2- LGNQEPGGORTALK 1246 X 6568/ 771.4 3.5E+05 7.BE+04 1.5E+05 2.2E+05 5.7E+05 4 0 10 G 8
antiplasmin
12 . 656,08  900.5 3.7E+04 T1E+03 1 4E+04 1.9E+04 4 SE+04 9 I8 19 15 10
13 Ga0.8 f 7794 1.8E#05 5.1E+05 4.94E404 3.1E+05 9.5E-+05 6 20 Fi rd &
14 alpha-1- OTEEEDFHVDOVTTVE 174 B31.3 /7904 B.SE+03 1.9E+03 3.5E+403 3.0E+03 1.8E+0% 20 33 38 34 23
antitrypsin
i5 531,33/ 869.5 1.3E+04 3.5E+03 4.5E+03 6.5E+03 4.1E+04 11 33 33 29 13
16 alpha-2- LLIYAVLFTGDVIGDSAK 365 X 923.0 / 1059.5 4.1E+05 5.3E+04 1.6E+04 4.2E+05 4.3E+05 17 20 18 G a8
macroglabulin
17 923.0 /11726 1.5E+05 1.9E+04 6.2E+03 1 4E+05 1.4E+05 16 31 20 10 a
18  Angiotensinog ALGQDQLVLVAAK 3.5 634.9 / 556.6 3.3E+04 1.6E+04 2.2E+03 1.5E+D4 1.BE+04 10 56 a a8 13
an
19 6349/ F13.5 3.HE+04 Z.0E+04 3.0E+03 2 4E-+04 2 IE+0L ¥ OEL 16 10 16
20 6389/ 964.6 2.7E+04 T.3E+04 L.3IE+05 4.5E+04 5AE+04 9 17 T 10 8
21 PRDPTFIPAPTAK 19.1 5083/ 724.4 2 8E+04 3 3E+04 5.0E+04 1 GE+04 2 9E-+04 14 17 B 15 11
22 - 508.3 / 556.4 3.0E+04 1.2E+05 5.7E+04 1.8E+04 3.6E+04 0 19 6 14 15



TaeLe 1l
Improvemeant of CV oblained by combining peak araas of two

fragment MRMs varsus keaping them zaparate
Ay, average; fragis), fragmentis).

. Avg CV
Experimant
sum of frags Frag 1 Frag 2
U
A 10.5 11.8 14.8
B 16.2 20.0 19.4
Z 11.0 13.0 14.4
D a.0 0.4 12.3
E a5 0.4 11.0
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Fiz. 3. Plot of peak area versus CV for all MEMs in experiments A-E.



Fiz. 4. Comparison of computed
amounts (based on ratics betwesn
Mat and SIS poptides) for 13 peptides
in experiments D and E Data are in-
cluded for those ratios where both nu-
marator and dencminator peak areas
waere =1E+04 in experimert D (12
peptices).

Femtamal in Run E
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1. E+00 1. B+
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Fiz. 5. Total ion current profiles
across the chromatographic peptide
saparation for digests of undepleted
{4, whole) and depleted (B) plasma
from experiments C and D, respec-
tively. Pie charts reprazant the protein
composition of the samples: whode
plasma contains =50% albumin (stp-
pled region), whereas the proteins re-
maining after MARS deplation include
fibrinogen, es-macroglobuling compla-
mant 3, and all other lower abundance
proteins (four remaining pie slices or-
dered clockwiza from 12 o'clock), show-
ing the propartion of protein removed by
deplation white segments in B). Tha ma-
jor peptide in A at 202 min iz derivaed
from  albumin  fwhose abundance is
shown by the bBlack pie segment with
white dots). cps, counts per second.
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Fiz. 6. Comparigon of mean peak areas values for all MBMs in
two replicate digests (4) and tweo depletion runs (and subsaquent
digests) (B). Error bars show 1 standard deviation computed from
replicate runs.
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Fiz. 7. Histograms of peak areas
obtained with four sets of MAEMs in a
digest of depleted plasma.
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Fiz. 8. Schematic diagram of a process for selecting MRMs.
Thickar arrows represent the prefered process. Sguare-cormerad
boxes represent informatics components, and rounded-cornar boxes
are exparimental steps.
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SELDI ProteinChip™ Technology Process

*Sample goes directly onto the ProteinChap™! Array
*FProteins® are captured and refaimed on the chap (aftimty E?pturﬂ )
*EAMNA 15 added to the clup
*Retentate map 15 “read” by Surface-Enhanced Laser Desorption/ lonization
(SELDI)
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hlaz='charge



Select Chip Array:
Sample m \ﬁ 7 Hydrophobic

Anonic

Catonic
Wash - - - ! ! - & 7 Ambody

Remove unbound proteins,

i Sales, and other contaminants
EAM ' m Sinapinic Acid (SPA) or

ce-Cvano-4- Hyroxy
Cinaminic Acid (CHCA)
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