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Analysis of Proteins
and Peptides




Outline

1 The fundamentals—brief overview of
hardwares and data acquisition.

2 Protein characterization, I.e.,
seguencing.

Protein identification.
Protein quantification.
Other applications.
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Tell me, my dear, what Is
proteome and It's origin??
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Proteome
The PROTEIn complement of a genOME

“Progress with Proteome Projects: Why all
Proteins Expressed by a Genome Should be
Identified and How to Do It”

Biotech. Gen. Eng. Rev. (1995) 13, 19-50.
Ilkins, MR; Sanchez, JC; Gooley, AA; Appel, RD;
mphrey-Smith, I, Hochstrazzer, DF and Williams, KL.
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e “Tryptic Mapping of Recombinant Proteins by Matrix-
Assisted Laser Desorption/lonization Mass

Spectrometry”
Billeci & Stults (1993) Anal. Chem. 65, 1709

e “ldentifying Proteins from Two-Dimensional Gels by

Molecular Mass Searching of Peptide Fragments in

Protein Sequence Databases”

nzel et al. (1993) Proc. Natl. Acad. Sci. USA 90,
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General procedure

Partial fractionation of crude extracts

|P/Affinity/ Chromatographic/electrophoretic| Gel/capillary.
ion Xchange + RP separation electrophoresis

With/without
Digestion

Mass Spectrometric
analysis

l

Data analysis

Ming F. Tam Spring



Gel separation

IEF/SDS PAGE

pH 3 - 10 NL, 18 cm strip

s

Angelika Gorg’s manuals
http://www.weihenstephan.de/blm/deg/
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Do I need to go through 1EF?

Read O’Farrell, P.H. (1975)
J. Biol. Chem. 250, 4007-4021.

IEF in tube gels vs IPG
Equilibrium vs non-equilibrium 1EF
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Usual Problems:

Sample load volume vs concentration

3 mm tube, 1 cm =70 ul
With 1 mg protein loading, conc = 14.3 mg/ml

Solubility, cytosolic vs membrane proteins,
Interfering materials sait nucleic acids, lipids
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Avolid pH extremes

97K
66K

43K

30K

20.1K

[4 4K ——
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Same sample, different range!
You see part of the total at all time!

97K
66K T

45K

K

201K

144K
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2D gel cannot see all the proteins!

e With 3-10, 18 cm strip, 2.57 cm per pl unit.
e With 6-11, 18 cm strip, 3 cm per pl unit.

« Short Range (around neutral pH), 24 cm
gel strips.

18 cm 2"d-D, assume 500 daltons
parated by 2 mm, from top to bottom,
vers only 45,000 daltons.

adient vs linear polyacrylamide gel.




e 2D gel cannot see all the proteins!
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E. Coli proteins

orthals et al. Electrophoresis (2000) 21, 1104-1115

Ming F. Tam Spring



e Acrylamide-agarose copolymers: improved
resolution of high molecular mass proteins in
two-dimensional gel electrophoresis

Roncada et al. (2005) Proteomics 5, 2331-
23309.

 An agarose-acrylamide composite native gel
system suitable for separating ultra-large
protein complexes

h et al. (2005) Anal. Biochem. 343, 166-175

il
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2D gel see too many proteins!

Degraded/modified samples
(multiple spots/protein)

160

Yeast proteins
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Boss! How much protein should 1 load?

0.1 mg yeast 0.5 mg yeast 1 mg yeast

=+— 0.25 pH unit —= =+— 0.25 pH unit —» +— 0.25 pH unit —»
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Gygi et al. Proc. Nat/. Acad. Sci.
USA 2000, 97: 9390-9395.

“Evaluation of two-dimensional gel electrophoresis
based proteome analysis technology”
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Standard procedure

c Gel separation
Isolate spots
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You have to see the spots first!
Visualization:

Coomassie stain,
Colloidal blue stain,
Neuhoff et.al., Electrophoresis, 1985, 6, 427-448.

Blue-silver stain,

Electrophoresis (2004) 25, 1327-1333.

ilver stain,

www.narrador.emble-heidelberg.de/GroupPages/PageLink/activities/protocols.html

)ro dyes

1T U have the money!
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Negative stain for not too complicated patterns.
C. Fernandez-Patron et al. (1995) Anal. Biochem. 224,

203-211.

Gillespie & Elliott (2005) Anal. Biochem. 345, 158-160.

“Comparative advantage of imidazole—sodium dodecyl

sulfate-Zinc reverse staining in polyacrylamide gel”
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Standard procedure

c Gel separation
Isolate spots
c Enzyme digestion

Ming F. Tam Spring



Many steps are no longer needed!

Optimized Sample-Processing Time and Peptide Recovery
For the Mass Spectrometric Analysis of Protein Digests

Terry, DE, Umstot, E. and Desiderio, DM
J Am Soc Mass Spectrom 2004, 15, 784-794
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Usual considerations:

« Most of the time use modified trypsin.
 NH,HCO; is the usual buffer. Why?
e Don’t need too much trypsin, 0.5 uM.

e Need Cat** for the reaction, ~500-fold of the
enzyme or 250 uM.

Excess Ca**, what would happen?

2mperature? Depends on whether you want
ernal standards.

A Iditives in the buffer? @@ \W/@Q%
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“Fast-response proteomics by accelerated in-gel
digestion of proteins”

Havlis et al. (2003) Anal. Chem. 75, 1300-1306.
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Figure 1. Effect of digestion temperature on the peptide yield: (A)
modified trypsin; (B) native (unmodified) trypsin. The enzyme con-
centration was 0.5 uM and digestion time 30 min. Average peptide
yield of control digestion (CDP) was 0.25 pmol.
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Kinetic characterization of
sequencing grade modified

trypsin

Finehout et al. Proteomics (2005) 2319-
2321.
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average peptide yield [pmol]
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Figure 2. Time curve of digestion by the maodified trypsin. The
enzyme concentration was 0.5 ¢M and digestion temperature 58 °C.
The peptide yield in the control experiment (CDP) was 0.17 pmol.




You smart people, can you see what is wrong with the data when
comparing this graph with the last one???

average peptide yield [pmol]

0.2
0.1

0.0 m

0 1 2 3 4 5
enzyme concentration [uM]

Figure 3. Effect of trypsin concentration on the peptide yield.
Digestion was performed with the modified trypsin at 58 °C for 30
min. Average peptide yield of the control digestion (CDP) was 0.21
pmol.
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average peptide yield [pmol] water content [g]

y 0.04- o— 90—
o
051 1 / I e B
| |
0.03- - S
ﬂ.4— ) _._25 n-':
0.02-
0.3+
0.01-
0.24
ﬂ_'!1.1.|.F.|.F,'.DLUO1'I'I'|'|'|-|-
0 10 20 30 40 50 60 0 10 20 30 40 50 60
time [min] time [min]

Figure 4. Saturation of dehydrated gel pieces with the trypsin
solution and its effect on the peptide yield. (A) Peptide yield versus
on rehydration time. (B) Amount of digestion buffer absorbed by gel
pieces at 4 and 25 “C. Total weight of dry gel pieces was 5.2 mg.
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relative peptide yield Y, [%] relative peptide yield Y [%]
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Figure 5. Effect of gel cutting (A) and gel dehydration (B) on the
digestion yield. (A) Relative peptide yield versus the surface area of
gel pieces, Y= (Y%/'Y5) = 100%, where ¥y is the yield from the band
cutin X equal pieces; Y4 is the yield from the uncut band (reference).
(B) Relative peptide yield from dehydrated gel pieces, compared
to the yield from nondehydrated pieces of the same size, Y- =
(Yo/Yuo) = 100%, where Yp is the yield from the gel pieces
dehydrated prior to soaking in trypsin solution and Ywp is the yield
from nondehydrated gel pieces of the same size (reference). Total
internal volume of gel pieces was ~4 mm?.




Peptide extraction

e Can the peptides diffuse out?
e Solvents used?

* Microwave digestion & extraction
Zhong et al. (2005)
J Am Soc Mass Spectrom 16, 4/71-481.

iIcrowave-assisted acid hydrolysis of proteins
mbined with liquid chromatography MALDW%

S/MS for protein identification”
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Sample preparation




It Is not as the
manufacturers
claimed!

1 |Salts are bad!
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ato On target washing
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This Is a money game!

Was NT$57
Now NT$66
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Alternative approach

Anal Chem (2003) 75, 663-666

Stop and Go Extraction Tips
Or StageTips
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Different matrix, different results
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Data acquisition

1. Clean samples!

2. Different matrix, different results

3. Calibration—Ilinear for unknowns
beyond the range, quadratic for
unknowns within range
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Linear Standards: 1046.54, 2465.20
Quadratic standards: 1046.54, 1677.77, 2710.39

or
Y
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Linear vs. Quadratic

MASS

Calculated Linear Obs. Quadratic Obs.
1115.60 1115.47 (117 ppm)  1115.52 (71 ppm)
1398.71 1398.54 (122 ppm) 1398.63 (58 ppm)
1446.73  1446.57 (111 ppm)  1446.64 (62 ppm)
1646.96 1646.78 (109 ppm) 1646.87 (55 ppm)
46.75 1746.53 (126 ppm) 1746.64 (63 ppm)

380.00  1889.76 (402 ppm)  1888.87 (69 pggf

Linear Standards: 1046.54, 2465.20
Quadratic standards: 1046.54, 1677.77, 2710.39
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But Iinternal standards are much better!
379.09, 1046.54, 2710.39
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Ming F. Tam Spring

External vs. Internal

Real
955.57
1231.69
1928.94
2043.87

Ext. Obs.

955.70 (136 ppm)
1231.79 (81 ppm)
1929.10 (83 ppm)
2044.03 (78 ppm)

Int. Obs.

955.58 (10 ppm)
1231.70 (8 ppm)
1929.00 (31 ppm)
2043.92 (24 ppm)




But watch out for Signal suppressio
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You can never be too clean!

MALDI spectrum of a silver stained empty gel spot

Yeast silver control Trypsin
Trypsin
_ Matrix
s000 | Keratin
T
i
ooooo
M K
ooooo
K K K
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v " l T ll K
L ) | |
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| Yeast silverspot #5 Trypsin
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Human Keratins
K1 (skin) (M,): 65847; pl: 8.16
K9 (skin) (M,): 61950; pl: 5.14

Ming F. Tam Spring

K2E (dandruff) (M,): 65825; pl: 8.07
K10 (dandrutt) (M,): 59492: pl: 5.17

MH"

897.41 K9 1037.52 K2E |1060.56 K9
1066.49 K9 1107.54 1165.58 K10
1193.61 K2E |1320.58 K2E |1365.63 K10
1381.64 K10 [1383.68 K1 1475.74 Kl
1707.76 K10 [1716.85 K1 1838.91] K2E
1993 .97 K1 2025.94 K10 |2367.26 K10
2383.94 K1 2510.12 K9 270515

2807.30 2831.19 K2E |3312.30




http://prospector.ucsf.edu/ucsthtml4.0/misc/trypsin.htm

Porcine trypsin

Entries in italics are for the variant protein [y, -> V:
From | To MH' Sequence
52 |53 |262.14 ||SR
54 |57 |515.32 ||IQVR
108 |115]842.50 | |[VATVSLPR
209 1216/906.50 | INKPGVYTK
148 |157/1006.48| JAPVLSDSSCK
98 107/1045.56| |[LSSPATLNSR
134 |147]1469.72| |SSGSSYPSLLQCLK

217 123111736.84| [VCNYVNWIQQTIAAN

116 |133]1768.79| |SCAAAGTECLISGWGNTK
158 |178]2158.02] |SSYPGQITGNMICVGFLEGGK
58 |77 |2211.10 | [ILGEHNIDVLEGNEQFINAAK
78 (97 |2283.17 | IITHPNFNGNTLDNDIMLIK
179 |208]3013.32| |IDSCQGDSGG..SWGYGCAQK
9 51 |4475.09| |[IVGGYTCAA...VVSAAHCYK

9 51 448911 [ [IVGGYTCAA..VVSAAHCYK
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Alternatives to 2-D gel

Multidimensional protein identification technology

LC-LC/MS-MS (MUDPIT) to replace Gel/MS-MS

Washburn et al. Nature Biotech 2001, 19: 242-247
“Large scale analysis of the yeast proteome by
MultiDimensional Protein Identification Technology”

Peéptide digests separated with cation exchanger/
reverse-phase on line with an ESI1/ion trap. N

"y

{ v
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5 micron particles, 0.1 mm ID, 4 and 10 cm long

5. cerevisiae

Complex Peptide Mixiure

Off-line Loading
of Packed

iz

Database Searching
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6212 ORF, 1484 proteins identified

A 00 Predicted B oo Observed
T00
800
500
400
300
200
100
0 001 0.41- 0.3 0.31-0.41- 0.51- 0.84- 0.71- 0.81- 0.94- 0 0.1 0.41-0.219-0.31-0.41-0.51- 0.61-0.71-0.81- 0.5~
02 03 04 05 08 07 0B 059 1.0 0.2 03 04 05 08 0T 08 08 10
CAl range CAl range
C -

15

Average # of peptides
identified for each protein
in a particular CAl range.,

10

# of peptidesiprotein

0-0.1 0.11- 0.21- 0.31-0.41-0.51- 0.81- 0.71- 0.81- 0.51-
02 03 04 05 056 OT 08 0% 1.0

CAl range:
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Sensitivity of MudPIT to a wide variety
of protein classes

m—-

40—

% of total

I S I S
& é’w ggﬁ* ;@“@ & &
&

|- and PRP = integral and peripheral membrane protein
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General free programs
PAWS http://65.219.84.5/paws.html

From Rockefeller U.» Genomic Solutions
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Moverz http:.//65.219.84.5/moverz.nhtml

http://bioinformatics.genomicsolutions.com/MoverZDL.html
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Two types of data:

protein peptides | peptides

Digestion lonization Mass
Analysis

Peptide mapping/peptide mass fingerprinting

Ming F. Tam Spring



Peptide mapping

(a) Protein Proteolytic peptides Mass spectrum
N
B e ‘
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Protein Thaaratical Theoretical
sequence proteclytic peptides mass spectrum
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CHTAHTACRF DELLEENDEE 3GEEKLEDHPE FLESGDLALY EFVWVPIEPMCYW EAFIEYFPLG
430 440 450 460
BFAVEDMEOT WAVGVIEIVD EKTEELAENVTE ALQOKLALEE
10 20 30 40 50 (18]
MGEEEZHIIV WIGHVDEGE STTTGHLIYE CGZIDERTIE EFEEELLELG EGEFEYAIVL
[ | | E—
70 (=10 a0 100 110 120
DELEKAERERG ITIDIALWEF ETPEYOVTVI DLPGHRDFIE NHITGTIQAD CATLITAGGY
= |
[ —————
L 1
130 140 150 160 170 150
GEFEAGIZKD GOQTREHALLLZ FTLGVEQLIV AVNEMDIEVEW DESRFQEIVE ET3NFIEEVG
[ | [ 1 1
190 200 210 220 230 240
YNPETVPFVEP ISGUNGDNMI 2 EATTNAPWYE GUWEEETEAGY VWVEGKTLLELT DALATECQPIZRPT
[
250 260 270 250 290 300
DEFLRELPLOD WYEIGGIGTY PVGREVETGVI EPGMVWWTFAP AGWTTEVESY EMHHEQLEQS
I T I I
310 320 330 340 350 360
VEPGDIAVGFIY  FNW3IVEEIRER GNWCGDAFND PPEGCASFNA TVIVLINHFPGD ISAGYIPVLD
1
370 340 320 400 410 4z0
CHTAHTIACEF DELLEFNDREER 3GEKLEDHPE FLE3IGDAALY EKFVWPIKPMCY ELFIEYPRLG
[ 1
4350 4430 450 460
BFAVRDMROT WAVGUIESVD EKTEEKAAEVTE ALOEKALAEEK

| iy =———

 ——

Sbpl/R1—Lane 3
TEF1

34.1% coverage

Sbpl—Lane 3
TEF1

37.6% coverage



Fenyo (2000) Curr Opinion Biotech 11, 391-395

Single tryptic peptide
at a mass accuracy of
0.5 dalton

Mumber of matching proleins

| | | .
1000 2000 3000 4000 BOO0
Peptide mass [Da]

Chsrant Opirean in Bictechnokogy

E coli ~ 4000 ORFs
Yeast ~ 6000 ORFs
Human ~ 100,000 ORFs
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2nd type: MS/MS data

|solate a peptide ion
in MS spectrum

! Al o -
2w EKREREMNEREREZAERERE
al i ™ I n n !

Fragment the selected ion to
generate MS/MS spectrum

SEG 168E 1583 pedulile]
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Another free program

3 Lutefisk - Microsoft Internct Explorer =10 x|

| Ble Edt Yew Favorites Toos  Heb i

| GBack ~ =» - D 73 Qsearch [dFavorites L4Hitory | By Sp R - =

JP.Q:Iress F@ http: fivases. immunes:, comyresearcher flubefisk) j Eo |J|Jnks n
Immunex T

Lutefisk

Software for the de novo interpretation of peptide CID spectra

HMigh cuality tandermn mass specira of peptides are often obtained for which no exact database match can be made.
Consequently, we are faced with the question of whether the protem under mvestzation 15 nowvel, or ifthe non-matching
spectra are due to less exciting prospects such as inter-species variation, database sequence errors, or wnexpected
proteclyiic cleavages. To begin addressing thiz problem we perfortn a de aovainterpretation of the CID spectra usmyg the
computer program Lutefisle, however, any such mterpretations nearly alwaye weld multiple zequence candidates, where it 12
often difficult of itnpessible to distinguish the correct sequence from the nicetrect ones. The vatations between candidate
sequences are often minor and typically mvolve dipeptide mversions, swapping of dipephides of the same mass, replacements
of dipeptides with single amine acids of the same mass, and replacements of amine acids by dipeptides of the same mass.
‘We use the multiple sequence candidates produced by Lutefisk as query sequences m a second program, ClDentify.
CTDentify 15 a wersion of Bl Pearsen's FASTA agerthim medified by Mex Taylor to accommedate MM nuances such as
trltiple query sequences, ambiouous dipeptides and isobaric mass equivalencies.

References:

# I A Taylorand B. 3. Johnson (20000 'Tmpletmentation and uses of automated de novopeptide sequencing by tandetn mass
spectromettr" . Anal Chem. subutted.

» RO Johnson and I &, Taylor (2000 "Searching sequence datsbases via de novo peplide sequencing by tandem mass

specirometsy”, "Frotein ahd Feplide Analysis Advances i the Use of Mass Specttometey®, 146:4]1 (Methods it Molecalat Biology
series, Humata Press).

|@ Lione _l_lﬂ Internet
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On Web resources:

Prowl at Rockefeller U

http://prowl.rockefeller.edu/PROWL/prowl.ht
mi

Ming F. Tam Spring




) PROWL - Mozilla Firefox X
File Edit View Go Bookmarks ¥ehoo! Tool:  Help {:}

@ -6 0 Q0w vow G |

kefeller ed /PR WL Apoow] i

Yt -s - v| | Seach Web - 4 - (i Bookmarks~ @ My Yshoo! « o Yahoo! ~ s Finsaee - [ Mail » <7 News - »

ProteinInfo Amino acids
PROW L :E"PrDFDIJIId PB Etides
epFrag Protocols
GPM Contaminants
Software *#% Links

| FROWL - a mesonee fior protein chernistey snd mass spectroroetey |

Ming F. Tam Spring



%) ProFound - Peptide Mapping - Mozilla Firefox
Fil: Edit View Go Boolmasks Yehoo! Tocl:  Help

@-o- g 9 @ [[] hétpprowLrockefeller eduprofound_bin/WebProFomn v | @ Go |[GL,

Y_r .y.| v| ‘ Search Web «» @4 « | [f] Bookmarks~ (% My Yshoo! + & Yahoo! «  »
Version 4.10.5

The Rodiefeller University Edition

ProFound - Peptide Mapping [Short Form]

General Digestion

Allow maxlmum - missed cleavages

Sample ID |
Database | NCELu (20050601) v | Enzyme | Trypsin v|

W| All taxa b | For user-defined cleavage, please click here.
Maodifications

Search fur| single profein only V| Comnlet
: omplete
Protein Mass 0 S50 kDa Modification(s) | 4-vinyl-pycidine (Cys)
Arylamide (Cys)

lodearetamide (Cyvs)

Protein pl 0 Fll4 |
Todcacetic ardd (Cys) v

Report Top Candidates

Questions? FPlease write to ProFound

Partial ot -
Modification [] Methionine oxidation

What's new ahout ProFound?
For mare partial modifications, please click here.
Maes . |
Monoisotopic Masses:

Average Masses:

Mass tolerance for monoisotopic data: +-

Mass tolerance for average data: +-
Tolerance unit & Da O % O ppm Charge state: @ M O MH+

| Identify Protein || Bitra Settings || Erample || ResetFomn |

Done

Ming F. Tam Spring
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%) PepFrag - Mozilla Firefox
File Edit View Go Bookmarks Yahoo! Tools  Help

@- - & @ | [ itpiprow] rochefeller edufprov ipepfragch himl v| @ ¢ |[Cl,

! -7

v||| Seauch Web - @ - | (Uf) Bookmarks+ @ My Yahao! ~ < Vshool + »

PepFrag

Ezamples: & smgly charged peptide , & doubly charged peptide , A phosphorylated peptide

Database: | NR “ | Eingdom: | All taxa, v
Chemical modifications: | MNone w |

Protem Mass: [0 -3 | kDa
Proten pI: D—

Mzt mumber of proteins in result:

Enzyme: | Trypsin v |
Ilasamum number of cleavage sites not cleaved m a peptide:;

| Moncisotoplc mass  + |
Mass of parent peptide: | [+t || M+IH) 24+ |
Maximum number of phosphorylations per peptide: Io_vl STand |0 w» | T
Fragment ion masses (Iatches: ’A]l—b:

+i- Da

Iontypes: [Ja [Da* b, Ob* Oc", Oz, My, Oy* Oz

Ezopeptidase hydrolysis products: [] aminopeptidase, [ carboxypeptidase

If wou kowr at what amdno acids the fragmentation ocours (o-terminal side), st them here: and mark
the peptides with an '® following the mass.

Contains the following amino acids

Example: [IL]{MI}F means that the peptide contains (T or L) and F and not ki

Spectrum description:

Identify Protein

)




Genomic Solutions

http://www.genomicsolutions.com/showPage.php

=S

) Genomic Solutions - Start Page - Mozilla Firefox
File Edit ¥View Go Bookmarks Yshoo! Tool:  Help {:}

@ - |:> - @ @ |D hittp:dfwaew . genomicsolutions comdshowPage php v| @ %o

X7 - v||| Search Web « 484 « | (] Bookmarks~ (@) My Yahoo! « r» Yahoo! + g Finance + [ Mail &7 News ~

“=>GENOMIC
~SOLUTIONS®

A Harvard Bioscience Company

Solutions for Life Science Research

Home

NS LN GeneMachanes | BioRobotics
\ DMNA Shearing \ Sample Preparation

Colony Picking Proteomics 2-D Electrophoresis

Call Growth

Automated Gel Staining

DMA/RNA Synthesis Image Acquisition

[z
Microarraying

Hybridization

2-D Analysis

Protein Picking

Scanning Protein Arraying

Protein Digestion
MALDI Preparation

-

Data Integration

High Throughput Screening HTS & Assay Assembly

Protein Crystallization
Mon-Contact Arrays
Integration
SNP Analysis
Compound Library Management

Low-Volume Dispensing

Ming F. Tam Spring il = A B NS e Sl Tl -




) Sonar ms/ms controls - Mozilla Firefox

File Edit ¥View o Bookmarks ¥ehoo! Tools  Help

QEI - |:> - @ @ |D hitp:bioinformatics. genomicsolutions comdsrvice/prowlsonar himl v| @ (o “Q' |

Y -2 v|||Seamhw.ab.@v|mﬁookmarks.@mvamo!vy;Yahoo!.:ﬂmee.MMaﬂ.@Newsv -
' please fil in the fields bellow: W 2

Modify: | Iodoacetarnide (C) v ﬁ_&ﬂ_-..
Partial mods: G E N O M I C

erayme: =z SOLUTIONS

2o ey «fpd ]
shew best. [V 1caT: Sonar ms/ms™ : what is it?

e sfn: Sonar ms/ms is Proteometrics search engine for identifying proteins using M5/MS
Taxonormy: information from digest peptides. It has been designed specifically for the needs of
Marnrnals v | + | none v protein identification automation, using breakthrough concepts and designs that make
protein identification easier and more confident,

Errors: +

Databases & genarme

>

Faor more information about Proteometrics products and services:

MCBI nt 2001/8/29
MCBI np 2002/02/12
Patents (na) 2001/11/29
Fatents {aa) 2001/11/29 —

--- Eukaryote proteomes --- 2. sales@genomicsolutions.com to obtain information on Proteometrics software,

1. Click here for the latest news and products,

Patents (aa) 2001/8/29 databases and other products, or

--- Eukaryote proteomes --- Se
H. sapiens (R predict, aa) or
H. sapiens (EMBL predict, aa) or
H. sapiens (unigene, aa} il 3. pwsupport@genomicsolutions.com to ask the developers of Knexus, for answers

M. musculus {unigene, aa)
Mitochrondria (all,aa)

--- Prokaryote proteames ---
B. bergdorferi (B31, aa)

C. pneurmnonia (AR39, aa)

C. trachomatis {MOPMN, aa)
C
H

to your technical questions,

. radiodurans (R1, aa)
cinfluenza {KW20, aa) v

Hurnan chromosomes:
[ Filter spectra, expect <

Custom keywords:

Input file:

< i | >
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Mascot at Matrix-Science
http://www.matrixscience.com/

Matrix Science - Home - Mozilla Firefox

File Edit View Go Bookmarks ¥ahoo! Tools  Help

@vt‘>v§@§| v|®GD|@m&rot |

YT -2 v|||Seathebv@v|maookmrks-@mvmo!v ®
{MATRIX l
SCIENCE HOME ; WHAT'S NEW | MASCOT i HELP ; PRODUCTS | SUPPORT | CONTACT

Horme

Welcome

This site features Mascot, a powerful search engine that uses mass spectrometry data to
identify proteins from primary sequence databases, To assist you, the help text for Mascot
forms a substantial knowledge base concerning protein identification by MS,

If this is your first visit, please check for browser compatibility and read the srmall print, If you
include results from Mascot in a publication, please cite either this URL or Electrophoresis,
20018) 2551-67 (1999) (abstract).

We value your feedback and suggestions for new features. If vou find any problems, errors,
oversights, or just get unexpected results then please let us know,

For information on licensing Mascot for in-house use, please refer to our Products and Support
pages. For recent news, check What's New,

Matrix Science develops and markets software products which integrate mass spectrometry
into hioinformatics, Our interests extend to all aspects of mass spectrometry in the life
sciences. Please contact us to discuss:

¢ Developing new applications =
¢ Consultancy in mass spectrometry and bioinformatics
* Systems analysis and integration

Collaborations
Mascot incorporates code from Mowse, developed by Darryl
o™\ Cancer Research Pappin and David Perkins when working at the former Imperial
o F Technology Cancer Research Fund, and licensed from its technology
transfer subsidiary, Cancer Research Technology.

VisioMN
=
-
‘ﬁ BA i i H [T 4 el P i B e I [
Dong &

Bio
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%) Matrix Science - Mascot - Mozilla Firefox

File Edit WView Go Bookmaks Yahoo! Tool: Help

Q.E - [[> - %I @ |§A http it matrixscience comfsearch_form_selecth V| @ Go |@'mm:nt |

Tt -2 v ||| Search Web ~ & - | () Bookmarks~ @ My Yahao! »
{MATRIX —
SCTENCE. HOME | WHAT'S NEW | MASCOT {HELP | PRODUCTS | SUPPORT | CONTACT

Mascot

Mascot Search

+ Peptide Mass Fingerprint: The experimental data are a list of peptide

mass values from an enzymatic digest of a protein.
¢ Ewample of results report
IESEEE SUEGYIEE o Mare information
Search pararmeter
reference + Sequence Query: One or more peptide mass values associated with

information such as partial or ambiguous sequence strings, amino
acid composition information, MS/MS fragment ion masses, etc, &
Data fil= farmat super-set of a sequence tag query.

Scoring algerithm < Example of results report

< More information

Sequence databaseas

Results forrmat

Ertar talerant search + MS/MS Ion Search: Identification based on raw MS/MS data from
FAGQ's one or more peptides,

User Meeting ¢ Example of results report
Presentations < More information

20035

More Help

Search Form Defaults: Follow this link to save your preferred search form
defaults as a browser cookie,

Help Topic Index

Useful Links

Dione

Ming F. Tam Spring



EMBL

http://www.narrador.embl-heidelberg.de/GroupPages/PagelLink/peptidesearchpage.html

arch - Bicanalytical Research Croap - Mozills Firefox

5 = BE
Fle Edit Tew Go Bookmads Yehoo! Took Help O
PN L LT e —

||| Soarch Web - @b - (I Bockmarks @ My Vahoo! - .
EMEL Bisanalytical Rezearch Group
PeptideSearch
Protein identification by peptide mapping or peptide
sequencing.
Welceme to the WWW version of PeptideSearch. This is a tool for database
searching by mass spectrometnic data, sach as peptide mace maps of (partial)
amimna acid sequences. PeptideSearch is also available a2 o standalone Macintosh
application
I Peptidesearch iz busy then you may try this server mstead
Search the non-redundant protein sequence
datahase hy
= list of peptide masses
= peptide sequence tig - what s a
sequence tag 7
+ aming acid sequence
Lot &
Ming F. Tam Spring




%) PeptideSearch - Bioanalytical Research Group - Mozilla Firefox
File Edit View Go Bookmarks Yahoo! Tool: Help

@ P60 Q0ms

N -4 v ||| Seaxch Web + @ - | ([f) Bookmarks+ @ My Yahoo! - »

Search the non-redundant protein sequence
database by

+ list of peptide masses

+ peptide sequence tag - whatis a
sequence tag ? L

* amino acid sequence

Ming F. Tam Spring



Blast2p

http://dove.e_mbl-heidelt_)erg.de/BIastZ/msbIast.htmI
Homology search with partial sequence from ms/ms data

! Dok Gronp’s WSHan Search Service st EMOL - Morilla Firefoo =] |-!I‘.
Bk B Yev G0 Dokt Yehoo! ook Help
& - _vg. A ﬁ ] E:_ﬁ (10 ity Mierve ekl healeToerg AnElllioesblast W v 0% H:Lu'-l::ﬂ
- -:|mu+q- ({1f) Rookmackee (@ My Tahoo! = 5o Tab! =

MS BLAST Search waum, at EMBL [
. Ti el

For details & citaticn: Shevchenke, A et al; Charing the prefecmez, . Anal Chem, 2001 May L73(0301917-26,

Chuose a datahase for your search and set the sumber of unigue peptides and score able:
Databaze 1t - l.u'uw:u' peptides |1 s | score table [ 100 w

Exiter here pour pequence in FASTA or rawe farmat Sl Qraery | Cleay
Options for the HLAST server:

Watrit | FAMIOME o | Fiter | nome w|Echofilter ) Expect| 100 )

Cutalf| defwah w|| Stmamd | kot w | Descrptions |20 » | Abgments 50

Histagramn [ Cither advaneed entons -nogap-kapeas 100-200_by | Parzed HTML (5]

e
DE ™™ e
Yan P Y Logt modified ar 28 0er. 2008 (Ter ver

0 M 2000 ;19 T, 2002)
[ &
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http.//magpie.ucalgary.ca/

FAMAAITE  Wagpe & umated (i Fivpi  lusdstipasns Ersiniumes) . Madils Frivfon
Toeki ol
- 00 GLouge

3 Doolmeis b

= Ch B by e malgary e
e Yol = g Fstinw = | ) Ml = 2% Bows « ) Dwpping = fr Eniviemtend = +f Treval » [0 Caledir = [T Abimm Bool = [K Tellow Fags = [l Figs O
W Mooty - & Frow e g o Fims Frcple i, wealil, W B

wi EREE—an

(U B {8 b Vit =
T

. Wenkd, Ws :.: iy, - Totews gl T4

v | Dok W - g

X1 /-
B MAGTIE - Mgy Awbomated Gemn | o O o - Pssaling B

i (s St Thsyn

Platferm Praject

GenomeFrain

Public Genomes submitted to NCBl, EMBL and DDBJ

ACGC Example Project

In PregressiUnsubmitied Genomes
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Prospector at UCSF
http://128.40.158.151/mshome3.4.htm

} PacteiPuospechon - Mozalls Fuefox |? (=] r_
Bl Bl Yew (o Bookmubs Yaheo! Took Help {3

G- P&

A e

w |Em!h!'|b-l'|- () Bookmaskes- @ My Yehoo! - <y Yahoo! = 5l Finance « (g Med - 23 News - ) Shopping - =

ProteinProspector

v 3.4.]1 - new version now availlable: 4.0.4
LICH - Landon mirror

Toels for mining sequevce databases
in comfunetion with Mass Froieometry experimenis.

Administrative Resources ProteinProspector Tools
el MSFit | MSTag | MS-Seq |MSPatern
P e e T e MS.Digest | MS-Product | MS-Comp | MS-Tsotope | DB-Stat
Installing ProteinProspector i )
Windows WNT (Intal) Version Ettrl!lll:t Database Search me‘
User's Manuaal MS-Fit [ search with peptide-mass fingerprinting data from M5)
Freguently Asked Questions - ICSF W% Tag { search with fragment-ion tag data from MEMS )

Erequently Asked Coestions - Tocal Copy M5 %eq | search with sequence tag data from MEDME )
ME Pantern | search with Edman microsequence / peptide ME dara)
Enown Bugs

FPeptide / Protein M5 Utility Programs
Current Bug Listing - ICSF

Bug Listing - Lacal Copy ME Digest { peptide masses from enzymatic digestion of protein
{knuwn at release of this version) W& Praduct | fragment ion masses for peptide )
MN’-[.'rrmE [ AA compositinng fifting parent ar ragment mage and mmomndonm iong )
FroteinProspector Eevision History ME Tsotope { isotope patterns of peptides and organic molecales }

ProteinProspector Automation Guidance FASTA Database Manipulation/Information Tools

Useful Tables FATndex
DE-Stat { Database statistics )
DMlutation Wass Shifis

Dipeptide Masses For questions/comments send email to; propros ditsa.ucsleda

i s T A 1 e B 1L A1 Tl e IECE AL u} I
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%2 ProteinProspector - Mozilla Firefox |T| |E| rb_(|
File Edit View Go Bookmarks Yahoo! Tools Help

@ T [—D’ i @ |:| @ |U hitp:'128.40.15

2.1 51 /mshome3 .4 htm

v| @ o |@'ma3::ut |

! -2 v | Search Web + 4 - | (Uf) Bockmarks+ @ My Vahoo! -+ »
ProteinProspector Tools

(>

NS-Fit MS-Tag MLS-Seq | MS-Pattern

MS-Digest | MS-Product | MS-Comp MS—Isutupe|DB—Stat

Sequence Database Search Programs

IIS-Fit { search with peptide-mass fingerprinting data from MS)
MS-Tag ( search with fragment-ion tag data from LSS )
IS-Seq ( search with sequence tag data from MS/MS )
MWS-Pattern { search with Edman microsequence / peptide MN data)

Peptide / Protein MS Utility Programs

MS-Digest ( peptide masses from enzymatic digestion of protein )
IS-Product { fragment ion masses for peptide )

MS-Comp ( AA compositions fitting parent or fragment mass and immonium ions )
IS-Isotope ( isotope patterns of peptides and organic molecules )

FASTA Database NManipulation/Information Tools

FA-Index
DE-%tat { Database statistics )

Ming F. Tam Spring




EXPASY at SIB
http://us.expasy.org/

G- -6 O G acemmm 50 % [l
e s | Seah Wb+ ) - | () Dockmarke @) My Tabos! + o Vihoo! + 3 Bwce = () Ml = 7 Krws = ) Shopping -
YT i
| She Map | Swmch ExASy | Comtect s
Sareh | Swe ProrTEMBL = o (S [S ]

ExPASy Proteomics Server

Thiir ExPASy [Expart Protiin Angksis System)
dechcatind 10 B Enaksis of prolan Sequincis and

i ol of Bhik Swiss Institule of Bicinformatics [SB) is
uciuris &5 vl &5 2-D PAGE (Digclaimes / Ridrancis)

[Announcements| Rlob opening] [Hirmre Sines|

Ty P —— AT—
+ SwissProt and TrEMBL - Protein knowdedgebase + Proteomics and sequence anahysis tools
+ PROSITE - Protin famibas and domaing o Profiamics [Aldente (PRF), Phanys (MEMS), Findbad,
+ SWISS52DPAGE - Twio-dmarional pobyacrydamice gl Peptdehass, .|
Herophores o DA -> Protinn [Tesnalats]
= EMIVME - Enzyme nomenclature + Zamilanty searches [BLAST]
* SWISS-MODEL Repository - Automaticaly generated o Paiim and profiky Searches [SesnPraosite]
protain modals + Postaransiabonal moddication and topology predcion
o Primiry Structund Snabsis [PraPamm, s, FraSeals]
+ GermOnLine - Knowlidgebats on germ ol dferentiason & Secondary and lerary siructure prediction
+ Ashbya Genome Database |[SWISS-MODEL, Serid-Pébiviewir]
# Links to many other molecular biology databases & Algniment [T.OOPPEE, S
o Biologecal hind dndbras

+ ImageMaster | Melanie - Software for 2.0 PAGE analysis
+ MSight - Mass Spectrometry imager
+ Roche Applied Science's Blochemical Pathways

Education and services b umentation

= The ExPASY FTF server + ‘What's Mew an ExPASY

=+ Swiss-Shop - automadcaly obtain [y amail) new seguenoe * SWISS-FLASH slectronic bulstins
enines relevant o your felkd(s) of interast + Swiss-Prol documents

& WRalT - Thas HPC Canlite Toe Lifis Soncis + Haow to create HTML links to ExPASY

= e-Proxemis ™ - Probbomics-ondrtid Bicariomabes = Complete table of available documents:
Trairirg Potal

= Master's degree in Proteomics and Bisinformatics

+ Proleomics COUrEes - WO COWSES COWaNNg Separation
Sciences & Mass Speciromedry for Frotedmecs

=+ Proteomics Core Facility [Drinioushy
SWISS-JDSERVICE) - got your 2-0 Gals partonmasd
according b0 Swiss standands

lecular biclogy resources ame major mabecular
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‘.} ExPASy Proteomics Server - Mozilla Firefox

File Edit Wiew Go Bookmarks ¥Yahoo! Tool:  Help

<§| - |:> - @ I:I @ |ik http oz expazy.org

V| @ G “Q'mas::u:ut

X! -/ -

+ Swiss-Prot and TrEMBL - Frotein
knowledgebase

+« PROSITE - Protein families and domains

+ SWISS-2DPAGE - Two-dimensional
pokacrylamide gel electrophoresis

+ ENZYME - Enzyme nomenclature

+« SWISS-MODEL Repository - Automatically
generated protein models

+ GermOnLine - Knowledgebase on germ cell
differentiation

+ Ashbya Genome Database

+ Links to many other molecular biology

databases

v| | Search Web - @I - m Bookmarks ~ @ My ¥ahoo! ~ "5 ¥ahoo! - gl Finence -

+ Proteomics and sequence analysis tools

o Proteomics [Aldente (PMF), Phenyx (MSMS),
Findhod, Peptidehdass, .. ]
o DMA -= Protein [Translate]
= Similarity searches [BLAST]
o Pattern and profile searches [ScanProsite]
» Posttranslational modification and
topology prediction
o Primary structure analysis [PratParam,
plibWY, ProtSoale)
+ Secondary and tertiary structure prediction
[SWISS-MODEL, Swiss-Pdbviewer]
= Alignment [T-COFFEE, Sit]
o Biological text analysis
+ ImageMaster I Melanie - Software for 2-D
FAGE analysis
+ MSight - Mass Spectrometry Imager
+» Roche Applied Science's Biochemical
Pathways

o
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Guidelines for “protein
Identification”

Taylor, GK & Goodlett, DR (2005)
RCM 19, 3420
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REAPID COMMUMICATIONS [N MASS SPECTROMETEY

Rupid Compeum Mass Spectroms. 2005; 159 320

Published online in Wikey InterScience (www inemdencewiley coml DOL: 90 808 rom 2HES

Letter to the Editor

To the Editor-in-Chief
Sir,

Rules governing protein identifica-
tiom by mass spectrometry

On behalf of the Editers we write
with megard to our discission of the
mexd for rulkes governing protein iden-
tification by mass spectrometry pub-
lishesd inknpﬂ CrvmtrcaH ons i Mass
Spectromnetry (RCMY. While protein
identification by mass spectometry i
well  established, rules  governding
exactly what parametens constitute
idendification am not. We St Teere
rules that we hope are not overdy
bundensome on authers, but provide
reackers with ssurance of quality.

The following information shold be
imelicded in manseripts that degcribe
‘identification” of prteine by mass
Epectrometry:

1. The name of programs used to
conwert raw MS and MS/MS data
vt ‘vt boge goarchable’ fles.

2. The name of the softwan: uged to
queTy 3 sedquence d-l-h# g
MS data, e g SEQUEST," Masext,

KT andem,” or Peaks®

3. The nameof the database searched,
inchsding any specific ime samp
chate if it iz public and where it
mnary b foaned, showld be included
@ a reference. For private lor
contrived) datsbages, a full des-
eription of the contents including
the number of prowins in the
ks babaster am el the average sequenos
Tergrth shold be inclided.

4. Adescription of the type of sooring
aned cuboff eriberia wed to decide
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that a set of data (MS o ME/MS)
irlica best the presence of a protein
in the sample For example, if
SEQUEST was tssexd for the data-
bage search, then stak the XCORR
and ACORR cutolf values

iﬁmmn&ﬂnhﬂupﬁm

rate. The amplest method to cal-
culate this for MS/MS dats & fo
search the data againgt a meverse
s Lseenes datalnge gearch? Pro-
tevire dcken tifiedd with an estimated
fa ke pressitive rate grester than 105
ame comsidered dubiows identifoa
tioms (see item 11 below).

#. Foreasch protein idlemdified , a list of

the peptides matched with their
sooret and an acoounting of pro-
e sexpuenoe ooverge. Very ling
lists may meed o be supplied as
wppflmrﬁry diats, bust ghowuld
b inchiced at the time of submis-
siom for review.

. Proteins identifisd by a singh

peptide MS/MS spectrum match
ane considered dubiows identifics
tome {see ftem 11) aned are digootr-
&

8. Sheuld identification be baged

on pephide mass fngerprinting
(PMF), mass accuracies of pep-
tides tmed for the identification
shetadd be stated. Prooteing identi-
Fiesd by PMF tstin g o)z peaks with
sigmal fmoise less than 1.5 are con-
sidensd dubios (gee fem 110

. For identificatiors from  either

MS/MS or PMF, authors am
strongly encoumged to use a soft-
ware package that ssigns an
ohjective statistical basis o the
identification, eg. Protein Pro-
phet

10, Wihemne pephides used for identifi-

11

cation match to bomologus pro-
tering, ansthors must incicate W}l}l’l
particularspecis was chogen over
all possible homekeguies.

Duabricts prodein /peptices identifi-
cations (seeitems 5, 7 and 8) must
be werified by complementary
mears. Thiz should include the

RCM

mmu]]ymmﬁd tancem mass
spectrim ag supplementary data,
and any oorroborating  non-MS
data such as meacHon with
proteinspecific antibodies in a
‘Western blot or ELISA.

Finally, we peint cat that it could be

angued that dats used to justify any
pablicly available manuseript mus be
publicly available also. While RCM
has no -uﬂurlly Inynmd the manns-
geript in it publithed form o make
data public, suthors are reminded that
many granting agencies are incneas-
ing]y inbe resibesd hupdﬂiemﬂalﬂlitym‘
data generated with public funds. Ths
wa mmind suthon that they may
reseive: mcests for raw files that sip-
pott specific identifiations, and we
encotTage diggemination of fhiz infor-
mation, agitshould incnas se the quality
of their own work a2 well 2z aid the
community at large.
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lished in Rapid Communications in Mass
Spectrometry (RCM). While protein
identification by mass spectrometry is
well established, rules governing
exactly what parameters constitute
identification are not. We suggest here
rules that we hope are not overly
burdensome on authors, but provide
readers with assurance of quality.

The following information should be
included in manuscripts that describe
‘identification” of proteins by mass
spectrometry:




1. The name of programs used to
convert raw MS and MS/MS data
into ‘database searchable’ files.

2. The name of the software used to
query a sequence database using
MS data, e.g. SEQUEST," Mascot,”
X!Tandem,’ or Peaks.*

3. The name of the database searched,
including any specific time stamp
date if it is public and where it
may be found, should be included
as a reference. For private (or
contrived) databases, a full des-
cription of the contents including
the number of proteins in the
database and the average sequence
length should be included.
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4. Adescriptionof the type of scoring

and cutoff criteria used to decide
that a set of data (MS or MS/MS)

indicates the presence of a protein
in the sample. For example, if
SEQUEST was used for the data-
base search, then state the XCORR
and ACORR cutoff values.

5. A measure of the false positive
rate. The simplest method to cal-
culate this for MS/MS data is to
search the data against a reverse  j proteome Res
sequence database search.” Pro-  (2003) 2, 43-50.
teins identified with an estimated
false positive rate greater than 10%
are considered dubious identifica-
tions (see item 11 below).

Ming F. Tam Spring



6. Foreach proteinidentified, a list of
the peptides matched with their
scores and an accounting of pro-
tein sequence coverage. Very long
lists may need to be supplied as
supplementary data, but should
be included at the time of submis-
sion for review.

7. Proteins identified by a single
peptide MS/MS spectrum match
are considered dubious identifica-
tions (see item 11) and are discour-
aged.
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8. Should identification be based
on peptide mass fingerprinting
(PMF), mass accuracies of pep-
tides used for the identification
should be stated. Proteins identi-
fied by PMF using m/z peaks with
signal/noise less than 1.5 are con-
sidered dubious (see item 11).

9. For identifications from either
MS/MS or PMF, authors are
strongly encouraged to use a soft-
ware package that assigns an
objective statistical basis to the

identification, e.g. Protein Pro-

het.®
http://vav)w.systemsbiology.org/research/software.htmI

http://proteinprophet.sourceforge.net/ .
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10. Where peptides used for identifi-

11.

cation match to homologous pro-
teins, authors must indicate why a
particular species was chosen over
all possible homologues.

Dubious protein/ peptide identifi-
cations (see items 5, 7 and 8) must

be wverified by complementary
manually annotated tandem mass

spectrum as supplementary data,
and any corroborating non-MS
data such as reaction with
protein-specific antibodies in a
Western blot or ELISA.







Mass Spectrometers are not
Quantitative Instruments
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Electrospray source/quadrupole analyzer
Hemoglobin is a tetramer o3,

[Myo]: [a]: [B] 1:25:25

Recombinant Human Hemoglobin aH20R/BE6GV, E22Q

o=15145 Da =15836 Da o
947.6
100, 892.0 100. 151460
1010.8 B
Myo
% 15836.0
15162.0
990.9 1056.7 |
N 15179.0 17021.0
% 1082.9
mass

862.4

1 8116 949.7

973.7

%mlssolgmlgsol1wol """"""""""""""""""

1320.7

1263.1
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lonization efficiency and charges on polypeptide

Lys Arg His >
ol 11 3 10 24
B 11 3 9 23
Myo 19 2 11 33
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Angiotensin 11
D-R-V-Y-I-H-P-F

ACTH 18-39
RPVKVYPNGAEDESAEAFPLEF

Somatostatin 28
SANSNPAMAPRERKAG(IZKN FFWKTFTS(IZ
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Stone age technique
2 DE and image analysis of gels
Staining method (Coomassie, silver and SYPRO dyes)
Sensitivity
Linearity of the staining range,
Gel to gel variation

Ming F. Tam Spring



General approach:

Put a tag on (modify) the proteins. Compare the
tagged and the untagged samples.

Not too many choices—tags have to be on reactive
sidechains:

Lys His Arg
Cys Trp Gly, Ala, Val, Lxx
Met Tyr Asn, GIn, Phe, Pro

Ser/Thr(?) Glu/Asp das
\ £
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In vitro labeling technique

Difference Gel Electrophoresis (DIGE) system
Ronge et al. Proteomics 2001, 6:117-128

o] x o
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Specimen 1 Specimen 2
Darivatize with Darivatize with
propyl Cy3 methyl Cy5

Cy3-labaled Cy5-labeled
sample sample

Mix and run
samples on a
single 2-D gel

(Spots too dim
to view by eye)

Acquire images
from the gel

Cy3 image Cyh image Total protein
differential

display map

Crverlay
images

M
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Problems:

eSolubility—modification has to be low

Migration rate—modified proteins migrate
differently on the gel.

*Reproducibility.

eSensitivity—the dye by itself is not that sensitive,
many proteins not modified. Need dye
visualization.

esolution—gel resolution is bad.
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Modification with deuterated acrylamide
Sechi Rapid Commun Mass Spectrom 2002, 16: 1416-1424

L

Reduce (DTT) 1D or 2D-PAGE
!
Modify cysteines with nEnEnEn
Protein Acrylamide
. |
mixture 1 \ E cut bands Trypsin
Eﬂ MIX 1:1 - —_— —_—
-
Reduce (DTT) -
| — 1:1 1:2
Modify cysteines with
Protein 2, 3, 37-Dyacrylamide ‘
mixture 2 |I |.I| ||| |||
Estimate ratio
for quantitation
Eq [q >, /
=
. )
extract peptides MALDI 5 Search database
— e = — . e
f 5 ‘ for identification
m/z
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Isotope-coded affinity tags (ICAT)

. Heavy reagent; dy-1CAT  (X=deuterium)
ICAT Reagents: |
sagenis Light reagent: do-ICAT  (X=hydrogen)

M e

Affinity group Labeled linkar Reactive group

Couples with MudPit
Looking at a subset of proteins
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& %@

V\{H.f‘:—f‘_,*-—;/—}:{ ‘“’\(\_/—’—hj

Light Stable isctope labeling Hea
reagent X< of targeted group (R) 4 reag::ﬂ
with bictin tag with biotin tag
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Proteolysis
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Y WY wa R
m\f@ P-EY A
-~ -
AINE
S T
AN gon-retained J Affinity capture of biotin tag
‘-""'.,_L\ el peptides l E’V\f\ by immobilized avidin
» ?ﬁ"r\ Y Enriched isotope-coded
Jﬂ-—& LA~/ peptide mixture
LC-MS
Light (L} l" Light {L)

Abundance 4=—.ﬂm.—'\ W mel Database

searchi
rafios XIC MSMS ot peptis

HlghtHeavy Heavy (H) Heavy {H}
(peak areas) /’ \ ‘ I identification
miz

Time

Yeast genome, ~350,000 tryptic peptides and ~30,000 con a
Provide 92% coverage of the proteome, 8% of the proteins'c
have cysteine.
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1.5
GaLy GALT
q- GALIDA &
5 EAG1Y
=2
% 051 GALS (PGMZ)
ofrAos  GUTZ. _ o oAy
s -I;.D.H: SYNOESW T T v
x Hikt
c s
§ 054 cvez Vveraaoc v
0 Functicnal categories
1 & Galactose-induced metabolic genes
v Respiratory genes
¢ Ribosomal protein genes
_T .5 T T T L] T T L] 1
-1.5 -1 -0.5 0 0.5 1 1.5 2 2.5 3

mANA expression ratia (logq)

Ideker et al. Scrence 2001, 292: 929-934

Integrated Genomic and Proteomic Analyses of a Systematically
Perturbed Metabolic Network
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Problems:

« Non-specific binding of non-Cys peptides.
« Large tag mass limits the usefulness for large
Cys-peptides.
« Not all proteins have cysteines.
Difference in retention times between 'H and °H
peptides.
Fragmentation of label during CID.
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Cleavable ICAT reagents
Qiu et al. Anal Chem 2002, 74:4969-4979

—Pnlymar

I | |

reactive linker chain acid-labile
group heavy or light functionality
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HN)W\/N | [

Ty L el e
at
o) 0~ “Polymer fﬁf

1. Capture | pH 7.0-7.5

O
o Polymer

2. El“ﬁUnlS% TFA

0
0
HoN )I\_/\/\/N
+ 2
0 o > Polymer

0
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The ICAT reagent from ABI
*Acid cleavable biotin group

0 Da/labeled cysteine

eUtilize 12C/13C
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Zhou et al. Mature Biotech 2002, 20:512-515

Isotope tag: X=HorD

thmleamge site c‘\_/'::"“‘

SH-reactive

Beads Photocleavable linker

By pass the acid cleavage step
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In vivo labeling

Ming F. Tam Spring

o]

Cells grown using
THN2C 4N-coded amino acids
or M*N-minimal media

Harvest cells

|: Experimental I

Cells grown using
ZHNICSN-coded amino acids
or 15M-gnriched media




Ming F. Tam Spring

lcau -

Denature and reduce
(optional S-alkylation)
k)

Proteolysis

v

! FopVe o

"D—Q.:}"“-"“uf'\

—q_a_ﬁ'ﬂ. Lo

L @1 _W%_g- Isotope-coded

.V “:L: _o Peptide mixture
._.J.‘n, oy

uLC-MS




BN-labeling
Washburn et al. Anal Chem 2002, 74: 1650-1657
Conrads et al. Anal Chem 2001, 73: 2132-2139

Lo L J

527.62 230,04 53247 534.80 53732 OR0.E2 '}'?3 A8 ‘E!TTI' 13 9R0.TE 984.43
mss

LA

20 40 60 80

Elution Time (min)
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SILAC (stable isotope labeling by amino acids in cell culture)

Leu-d[, and Leu-d,
Ong et al. Mol Cell Proteomics 2002, 1: 376-386

Leu-d, and Leu-d,,
Jiang & English J Proteome Res 2002, 1. 345-350

Lys-a, and Lys-d,
Gu et al. J Am Soc Mass Spectrom 2003, 14: 1-7
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COFRADIC method
(combined fractional diagonal chromatography)

I solate methionine containing peptides by oxidation

AL o) e T TR
1200+ .'.' I M1M'wﬁ“1
| W11
i I
<o | 1
- . .i

”ﬁﬂ‘ iai:}
nun 2 on Prasction 20

L
80 & &2 5 &M B8 &8 & 8 M s & & & min
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Phosphoproteome

Estimated 100,000 potential phosphorylation sites
e|_ess than 2000 are known

*Sub-stoichiometric

Signal of phosphopeptides vs non-phosphopeptides
Fractionation/concentration

*Charges on the peptide, interaction with SS

«Concentrate peptides on Fe* and Ga3* IMAC

Vener et al. J. Biol. Chem. 2001, 276: 6959-6966
Ficarro et al. Nature Biotech 2002, 20: 301-305

«IP of phophoproteins ﬁi E /ﬁ%

Pandey et al. Proc. Natl. Acad. Sci. USA 2000, 97: 179—%%2

\/
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J. Biol. Chem. 2001, 276: 6959-6966

B
1269.6
N #P Reflector Mode
&
8 13556
¥ =
c M

1355.6
Linear Mode
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Ficarro et al. Nature Biotech 2002, 20: 301-305
Jeffrey Shabanowitz/Donald Hunt

DRVpYIHPF tryptic digests.

Block the carboxyl groups on the peptides.
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. Recover P-peptide with TFA cleavage %ﬁ

Chemical tagging

Zhou et al. Nature Biotech 2001, 19: 375-378
Aebersold’s group

t-Boc protection

Form amide and phosphoramidate bonds
(carbodiimide catalysis)

. Regenerate phosphate
. Attach cystamine to regenerated phosphate
. Capture the peptide with immobilized

iodoacetyl groups §Q§%
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EDC/NHCH,OH

0
i
C=NHC,H,CH

tﬂua—Hu—rcnﬂH
Da

tEBo HC_H,0H
@ TFA
HzN =——7—COO0H @
PO, lil

Boc—H C—NHC,H,OH
Iu, !

EDCH{NH,C;H,8);
HN —L—i—uuci,ﬂ OH
0, ' G
®

IBoc=H HC;H,OH

oTT

TFA @

H¢2 _-'A




Oda et al. Nature Biotech 2001, 19: 379-382
Brian Chait’s group

Identify phosphoserine and threonine

B-elimination at pSer and pThr to form dehydroalanyl residues

e Vo
A SN
m select “MNA
2 N A

A
ﬂ o
v Al
i?i
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H HzCH2SH
T Base H HSCH>CHsSH ? 22
y >

| p |
Ha R—HN—C—O—R' Hz
R—HN-CH-O—R' R—HN-CH-O—R'

H

%Wﬁ& -

© H,}SCH2CH HO _ SCH2CH2
Biotin wassasNT 2 Biotinne~
] < '
- _: HE D)
miz =446 R—HN—CH—O—R' R—HN-CH-C—R'
fragment
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Steen & Mann J Am Soc Mass Spectrom 2002, 13: 996-1003

2.Dimethylamino-

ethanethiol _/—N{EH;I:
OPOH, ~_N(CH,), S
%\ OH é\ HS
N - H;PO, N = é\w
H Michael Addition H
O [ -Elimination 0 0
Myger = 167 Da

Mg, .= 174 Da

Oxidation l H,0,

+ CH
S low energy CID
N—H é\
Hos— CH, = N
o
Mgeoy = 122Da Mg, n, = 190 Da
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Read:

Reinders & Sickmann
Proteomics 2005, 5, 4052-4061
“State-of-the-art in phosphoproteomics”

Larsen et al.
Cell Proteomics 2005, 4, 873-886

Jhly selective enrichment of phosphorylated
eptides from peptide mixtures using tltanlu%ﬁ

loxide microcolumns” ﬁ
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