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Last Time...

® Detectors




Mass Spectrometry in Space

e Possibly the coolest application of small molecule MS is in
space...

e Enter Case Study #2: Mass Spectrometry and NASA
e What are the major considerations for MS in space?

1. What do we need to be able to do? (Mass limit, accuracy,
resolution, sensitivity)

2. Size and weight of instrument

3. Power requirements.



Mass Spectrometry and NASA

e Over the years, NASA has had quite a number of MS
instruments on board it’s spacecratt. Why?

e Sampling Atmosphere (upper and lower)
¢ Sampling Soil
e Monitoring cabin atmosphere, life support
e Of course, use is space requires that the instrument be

miniaturized, which also reduces weight and, generally power
Consumption Miniature Mass Spectrometer




Challenges of Miniaturization

Property

Weight
Power

Size

Robust
MTBF

Uv

Source Temp
Energy width

Radiation

Space

~kg

~5-10W
<50cm

Ig

Years
100Mcts/s
1-100 keV
100%
10-100kRad/y

Lab

10-100kg
100-1000 W
1-10 m

10g @100Hz
hours

lct/s

0.001 keV
01-1%

<1 kRad/y



History of MS in Space

Mass Spectrometer Year, Mission Resolution
lon Traps 1959 Luna 1 <2
Faraday Cup 1961 Explorer 10 ~2
Electrostatic E/Q 1962 Mariner 2 ~3

GC Double Sector 1975 Viking 1 and 2 ~50
Hyperbolic Quadrupole 1978 Pioneer (Venus U. atmosphere) ~30
Magnetic Sector 1978 Pioneer (\Venus L. atmosphere) ~30
Wien Filter 1983 ISEE-3 ~5
Magnetic Sector 71 Apollo*, 86 Giotto* >40, >10
Linear TOF 1984 Ampte ~15
Isochronous TOF 1996 Wind ~100
Reflectron TOF 2004 Rosetta™ >3000




Properties of Some Mini MS Instruments

e Obviously, Mini-MS doesn’t really work as well as the big
gigantic ones we have in the lab. However:

Pioneer Venus— Pioneer Venus — Mars Viking
Instrument Upper Atmosphere Lower Atmosphere Lander
Mass Analyzer gquadrupole magnetic sector dual sector (B/E)
Detection Limit NAA 1 ppmy ppbv-ppmy (s oil)
Mass Range 1-46 Th 1-208 Th 12-260 Th
Size N A N A 0.6 ft*
Weight 8.4 Ibs 24 1bs 45 |bs
Power 12 W 14 W 140
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The Venutian Atmosphere...

e As it was falling into the atmosphere, the Pioneer Lander made
the following measurements:
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are when they
were at low EI
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e Decreases
between 50 and
28 km due to
accumulation of
H,SO, droplets



Sulphur Gasses in the Venusian Atmosphere
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And the Upper Atmosphere...

e Pioneer also had an MS on it’s orbiter... A Quadrupole MS, no

less...

— - — - - L -— -——
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More of the Venusian Upper Atmosphere
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The Viking GC-MS

e The GC-MS on Viking lander was designed to look for, among

other things, organic compounds at the ppb level in soil.

-O

5  10cm

Fig. 2. Development Test Unit of the Viking GC-MS instrument (side view). (1) Sample oven
housing. (2) Hydrogen tank. (3) GC-column. (4) Valving, effluent divider, separator (in housing
held at 200°C). (5) Ion source housing. (6) Electric sector. (7) Magnet. (8) Ion pump.

(9) Electron multiplier.
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The Viking GC-MS Cont.

/~ ELECTRON
7 MULTIPLIER

; ION SOURCE
‘ HOUSING ~~._

~ION
/' PUMP

ELECTRIC
SECTOR

A

= 1

w —

5 | B B |

= 4 f ' ' . ! -

=2 [ . ] h ok

o i ; J '_ o - k \J o \. ij \ U!

9 _ g i }L_‘\..._,x\ . J\ -\M_ﬁ\__,, e -.y;.«l u‘w\—-“'q\.}'\.f\,]\.--v:_:\....j-w _\\,‘\ U\l Vi
| T T T T T | l I
12 14 16 18 20 28 32 0 44

m/e



Oh No He didn’t! Controversey...

¢ A huge controversy erupted over the Viking Lander GC-MS. It
started with a publication by Ratael Navarro-Gonzalez et al
which was entitle thus:

The limitations on organic detection in Mars-like soils
by thermal volatilization—gas chromatography—MS
and their implications for the Viking results

e The bottom line of the paper was that under very dry conditions
(similar to those of martian soil), the Viking GC-MS would have
missed organic molecules at the ppb level — an amount that is
consistent with low concentrations of microorganisms such as
those found in the deep antarctic.

14



Viking Lander MS Sucks?...

e Here are the results summarized:

Table 1. Total organic matter (TOM) present in different Mars analogs soils and its detection by TV-GC-MS

TOM, wg of TV-GC-MS,* 500°C, TV-GC-MS,* 750°C,
C per gram /N g of benzene per wg of benzene per

Soil sample of soil 813C ratio gram of soil gram of soil
Antarctic Desert

Dry Valley 20-30 -25.03 0.9 N.D. N.D.

Dry Valley (sample no. 726) 60-90 —-24.34 0.3 N.D. N.D.

Otway massif mill stream glacier 10-20 -25.13 1.0 N.D. N.D.
Atacama Desert

Yungay, Chile (AT02-034) 20-40 —-26.09 8.2 N.D. 1-4

La Joya, Peru (PC03-06) 20-30 -21.04 0.3 N.D. 1-4

Las Juntas, Chile (AT02-22) 400-440 -28.93 16.7 1.0-3.0 70-200
Libyan Desert

SAD5-01 30-40 -23.43 >30 N.D. N.D.

SA05-02 50-80 -21.62 =30 N.D. N.D.

SA05-03 60-70 -20.06 =30 N.D. N.D.
Mojave Desert (DV02-10) 145-260 —-24.84 9.5 N.D. 15-100
Minas de Rio Tinto

Sediment (RT04-01) 1050-1400 —-24.34 11.4 5-50 50-100

Evaporite (RT04-02) 1200-1500 -23.34 8.2 7-80 70-100
Panoche Valley (PA04-01) 140-180 -27.37 7.4 N.D. 5-20
NASA Mars-1 martian soil simulant 1200-1400 -24.13 11.2 N.D. 100-150

15



Detection is Easy...

3F6203 + Hg — 2F€304 + HQO [1]

e The argument was  and
that complex Fe,O, + H, — 3FeO + H,0 [2]
carbon containing

molecules present in 3" 150 1 1 et 150
the soil might have o= | S 8
. . .E @© 100 — CO + CO .........oo.oooooooooooox 100 a o
been oxidized to 25 | o b S X
(b} tessssseece® ...t".. T 24
CO, in the GC oven Sz 507 3 p" L I0 QN
, o\o bt L — a
in the presence of ©
Fe = 001 01 1 10 100

% lIron oxide or sulfate

Fig.5. Oxidationofa1,000..gof Cfromstearic acidwithironspecies present
in silica by flash TV at 750°C in an inert atmosphere composed of helium.
Symbols correspond to experimental data, and dotted lines are predicted.
Opencircles and triangles are Fe;Os and Fe;{(504)s, respectively. Solid symbols
indicate values of oxidation with sulfuric acid.
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Viking Sucks Rebuttal

e Interestingly, this paper got a lot of press, but few citations. The
reason is probably the tirm rebuttal that tollowed from the lead
designer of the Viking MS instrument (Klaus Biemann) in a paper
entitled:

On the ability of the Viking gas chromatograph—-mass
spectrometer to detect organic matter

e This paper contains the following scientific smackdown:

Navarro-Gonzalez et al. (18) claim (on page 16092) to have shown “two limitations of
the Viking TV [thermal volatilization]- GC-MS for the detection of organic material™: (i)
that 500 C may be inadequate to release the organic compounds and/or (ii) that these
compounds were oxidized during the heating to 500 C by the iron oxides present in the
sample.

The first of these statements is contradicted by the results of the extensive tests of the
Viking GCMS instrument reiterated above. Although Navarro-Gonzalez et al. (18) cite
our paper (3) on the Antarctic soils (their reference 21), they apparently have not read it
carefully... 17



More Smackdown!

e That was tollowed by this:

The remarkable fact of these measurements and their interpretation is that the lowest level of
detection at either temperature is 1 xg/g (1 ppm), i.e., a 1,000-fold poorer sensitivity than the 1 ng/g
sample (1 ppb) demonstrated with the Viking engineering breadboard instrument (see above and Fig.
1 and Table 1). The lack of sensitivity seems to be due to the experimental design. The investigators
combined three commercially available laboratory instruments, a pyrolizer, a gas chromatograph
(using a column suitable only for the separation of low-polarity organic compounds containing seven
or fewer carbon atoms), and a quadrupole mass spectrometer scanning from m/z 12-100 or 45-200.
For some reason, only benzene was reported, rather than all of the compounds evolved upon heating
the sample.

The assumption that benzene is always the major pyrolysis product is naive. It would have been
more convincing to present the entire chromatogram, including amounts detected, of at least a few
representative experiments as it was done for the Viking GCMS tests (2, 3).

18



Organics Detected...

. Table 1. Compounds identified {in ppb) by the Viking GCMS
. ThlS was fOllOWﬁd by these upon heating Antarctic soil #542 (8) to 500°C

results on the real viking Code in Fig. 1 compound name ppb
_ : : AR-1 Benzene 90
GC-MS showing that it AR penzene "
could detect organics... even AR 2 Fienyte, =0
AR-4 Styrene 100

in Antarctic soil... AR-d3 Methylstyrene 4
AR-S Phenyl-Cs3 20

AR-6 Phenyl-Cq 10

. ]OE_TOTAL IONIZREION AR-9 Naphthalene 10
' AR-10 Cy-naphthalene 2
AR-11 Biphenyl 10

AMNTARCTIC SOIL #542 HC-2 C}"Clooctane 100

HC-3 Hexane 70

HC-4 Heptane 70

N-1 Acetonitrile 100

N-2b Vinylacetonitrile 40

N-4 Benzonitrile 20

N-5 Methylbenzonitrile 4

0O-1 Furan 20

AR i Q-2 Acetone 200

= 0-2a Methylmethacrylate 90

266x10° L, e T 0O-4 Methylvinylketone 200
I 20 X0 3|0 &0 o7 Benzofuran 2
oo’ ] 0-8 Phenol 20
=1 : — | 0-8a Cresol 10
0-9 Cy-benzofuran 1




APPLICATION II:
PROTEOMICS



And Now for Something Completely Ditferent...

e Proteomics is the ‘catchment term’ for any research aimed at
characterizing the protein complement of the cell (or a subset

thereot).

e The term Proteomics comes from Genomics, a field centered on
the characterization of the entire gene complement of various
organisms.

e Genomics was initiated by Sanger (Nobel Laureate x2) who
sequenced the entire genome of a bacteriophage in 1977.

e The tield of proteomics didn’t get started until around 15 years
later, mainly due to the development of 2D page electrophoresis

and ESI/MALDI MS.

21



Why the Proteome?

e We care about the proteome because it is there, and NOT the
genome level that the complexity of life truly arises.

witness C. elegans witness the human
(a tlatworm) (a primate)

genes: ~20,100

unique gene products: genes: ~25,000

25,600 unique gene products:
-477,000

22



Mass Spectrometry and Proteomics

e Currently, the vast majority of proteomics research etforts are
enabled by mass spectrometry

e This is because MS combines extreme selectivity (the ability to
distinguish multliple coexisiting species in solution) and very

good sensitivity (the ability to detect analytes at low
concentrations).

e Sensitivity is needed because some very important proteins
exist in the cell at very low copy number. There is also a huge

range of copy numbers so that low abundance proteins are often
obscured by high abundance proteins.

e Selectivity is needed because proteomic samples invariably
involve a large (sometimes massive) number of proteins and/or

peptides that need to be simultaneously detected... )y



Challenge 1: Expression Levels

¢ Proteins are
expresses in a
huge range of
concentrations
in the cell. This
can result in
masking of
low-copy
proteins by
high-copy ones
or simple
failure to detect
low-copy
proteins...

Table 1. Summary of Protelns Detected and Quantified In Each Group of Cellular Abundance

Abundance
Range (Copies/Cell}

Group

Proteins
Measured

Protein Names®

Absolute Quantification®

524,288-1,255,722
262,144-524,288
131,072-262,144
£5,536-131,072
32,768-65,526
16,384-32,768
8,192-16,2384
4,096-8,192
2,048-4,096

1,024-2,048
512-1,024
256-512
128-256

<128

No expression
detected®

Below Q0D

(=50 copiesicell®
Western blot band
not quantifiable®
Never cbserved

in publicly accessible
proteomics data sets®
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YGLODEC, YKLOBO0C, YLR355C, YLR249W, YDR382W
YJR104C, YMLOZ28BW, YMR116C, YCR01 2W, YERO91C
YDROS0C, YER185W, YGR192C, YER177W, YNL178W
YBR127C, YHR183W, YKL182W, YHR208W, YDL126C
YLRO58C, YMLODBC, YILO78W, YALO12W, YGR204W
YBR249C, YJR1056W, YNRO16C, YLR216C, YGR209C
YJL136C, YDR368W, YJL130C, YOR007C, YMROSSC
YKRO48C, YEROOBW, YMLOBBC, YKRO01C, YEROD3C
YFLO14W, YDR128C, YPL235W, YOL140W, YMR170C

YDLO21W, YML100W, YKL150WY, YELO31W, YGL202WY,
YDLO17W, YGROBOW, YPLO4SC, YGL248W, YELO11W

YHR107C, YGL100W, YBR208C, YPR118W, YJL172W,
YBR283C, YCRO88W, YGR256W, YJL026W, YCLO30C
YCLO17C, YOL116W, YNL161W, YJRO51W, YKLOBEW,
YHR138C, YGR232W, YMR199W, YOR267C, YJR134C

YKL141W, YHRO74W, YLR330W, YDR436W, YKL128C,
YOR020C, YBR117C, YBR125C, YKLO73W, YOL022C
YLLO40C, YNLO14VY, YML109W, YIL0S2W, YILO84C,
YKL145W, YKLO75C, YIL0O02C, YHRO15W, YPLODEW,
YGLO0SW, YKRO21C, YLRO35C, YNROS7C, YOROS3C
YDR381W, YNL208W, YHRO20W, YNL160W, YELO24W,
YJLOOBC, YUL111W, YFLO37W, YDRO23W, YJR123W,
YLR340W, YJR077C, YDR321W, YCLO18W, YEROS5C
YBROO6W, YCL043C, YDR150W, YOR120W, YJL167W,
YBROOBW

YHRO028C, YNLOSSC, YJLO80C, YDL140C, YIRO06C,
YGR284C

YDLO17W, YOL116W, YBR117C, YILOS2W, YKLO75C,
YILO02C, YHRO15W, YPLO26C, YLRO35C, YORO83C

YKLO80C
YJL138C
YLR249W

YHR183W, YLRO58C,
YBR249C
YJLO26WW

YELO21W, YHR107C,
YPR118W, YJRO51W
YMR170C, YCLO17C
YOL116W
YGL248W

YIL084C, YML10SW

YGLOOBW, YNROS7C,
YKRO31C

Cell 738, 795-806, August 21, 2009 ©2009 Elsevier Inc.
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Challenge 2: Number of Proteins

¢ Obviously, there are a huge
number of proteins in the cell. It
we tried to just look at them by

MS, we might see something like
this (at best):

400 800 800
mlz

e This is where separation techniques come in...

e The tirst of these was 2D gel electrophoresis, which is carried
out on whole proteins (vide infra).

25



2D Electrophoresis

e It’s impossible to talk about proteomics without mentioning the
separation technique that got it all started...

e Step 1: Separate the proteins based on their unique pl (the pH at
which they are neutral) by making a pH gradient in the gel.

o Step 2: Apply detergent
(SDS) so that all are
negatively charged in
proportion to their mass.

e Step 3: Separate by mass.

26



2D Electrophoresis Cont.

e In order to make the same ‘spot’ on the 2D gel, two proteins
would have to have the same pl and molecular weight!

4 e We can then cut out

-; T these ‘spots’...
-i. vl J
R O% ' e And do what we want

;‘%& pizde’ - with them, most likely

diig £ Q% -~ 1% - . resolvation followed by
B % r. ! trypsin digestion to yield
e S R R peptides followed by nano-

ESI or MALDI-MS

27



Workf{lows: Flavors of Proteomics

' i 5 " "
R AL, '- - B i T\'m : .

= ',- . ’ ; e ;. trypSIIl MALDI . i (

‘ -t;.-_.'_ . -”': - : wd MS/MS % o T2 .

A l | . 1
L

0 500 550 00 860 0 0 800 w0 m
7

e The above corresponds to a proteomic workflow which really

defines the nature of the proteomic experiment.
28



Interlude: LC-MS

e The 2D gel workflow is actually quite labor intensive. These days
most people do LC-MS for their proteomics, where the separation
technique can be directly coupled to nanospray ESI-MS.

e For separating peptide, people typically use ‘reversed phase’
HPLC which relies on hydrophobic interactions between
peptides and moditied silica beads...

Reverse Phase Column

-

time 29



Types of Proteomic Experiment:

e In general, proteomics can be subdivided into two types based
more-or-less on whether enzymatic digestion is used:

e Bottom up: LC/MS :

=)

trypsin

¢ Top Down:




Proteomics Databases...

e In a typical
proteomics
experiment,
proteins are
‘identified’
based on the
presence of a
small number
of peptides
whose
sequence 1s
within the
overall protein
sequence... for
example:

%) Matrix Science - Mascot - Peptide Mass Fingerprint - Mozilla Firefox

Help

File Edit Wew History Bookmarks Tools

o -c

(2] Most visited | ] Customize Links | | Free Hotmail | ] Windows Marketplace 4% Windows Media | | Windows

(v EL. hto:fiwew.matrixscience.comfegifsearch_form.pl T - |28~ P

L Matrix Science - Mascot - Peptide M... | =

{MATRIX

SCIENCE. HOME | WHAT'S NEW { MASCOT {HELP ; PRODUCTS  SUPPORT : TRAINING  CONTACT

[search ] 6ol

Mascot > Peptide Mass Fingerprint

MASCOT Peptide Mass Fingerprint

Porram
SRR |Peptide Mass Fingerprint Example |
' EETE [Trypsin v
NCBInr — —
contaminants Allovs up tollB¥Ed missed cleavages)
MSDB v ] 1

cRAP
[raxonomy BT G |

— Fi_xed [--- none selected - |
modifications]

MASCOT

lwilliamns@hotmail.com

Acetyl (K) Al
Acetyl (N-term) |
Acetyl (Protein N-term)

Amidated (C-term)

Amidated (Protein C-term)
Ammonia-loss (N-term C)

Biotin (K)

| Biotin (N-term)

| Carbamidomethyl (C)

Carbamyl (K}

'I

| IO i< 2y il modifications |HM]

[~ none selected — |
modifications

II

Carbamyl (Nterm) &

[ o2 Yo =
Mass valuesflioimHz: @], [®]M-HJ O] Average (@)
1
|814.430000 a
958,350000
1000.330000
YT | 1165.390000
1182.440000
1191.500000
|1300.470000 v
Decoyim| [auTo v I

I (Startseareh =]

Copyright @ 2008 Matrix Scianca Ltd, All Rights Reservad,

Done:
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More databases

Concise Summary Report (Peptide Mass Fingerprint Example) - Mozilla Firefox

File Edt Wew History Bookmarks Tools Help
@ ¥ c & Y L http:{fwww.matrixscience.comfcgifmaster_results.plefile=. . /dataf20101118/FterOiaw0, dat - -"- ,7" E‘a
(5] Most visited | ) Customize Links | | Free Hotmail || Windows Marketplace 4 Windows Media | | Windows
... Concise Summary Report (Peptid...E3 | §, Mascot Search Resuks: Protein View = -
Significance threshold p< 0,05 | Max. number of hits | AUTO \ A

[ Re-Search All ] [ Search Unmatched ] MAS COT

1. PHL HUMAN Mass: 97489 Score: 194 Expect: 2.1e-14 Matches: 15
Probable transcription factor PML OS=Homo sapiens GN=PML PE=1 SV=3
IFSA THENV Mass: 14588 Score: 56 Expect: 1.3 Matches: 4
Translation initiation factor SA OS=Thermoproteus neutrophilus (strain DSH 2338 / JCHM 9278 / V24Sta) GN=eIFSA PE=3 SV=1
MURC IDILO Mass: 52994 Score: 51 Expect: 4 Matches: 5
UDP-N-acetylmuramate--L-alanine ligase OS=Idiomarina loihiensis GN=murC PE=3 SV=1
DPO1 RICHE Mass: 104386 Score: S50 Expect: 5.6 Matches: 6
DNA polymerase I OS=Rickettsia helvetica GN=pold PE=3 5V=1
TRUE CUPTR Mass: 33678 Score: 49 Expect: 6.7 Matches: 4
tRNA pseudouridine synthase B OS=Cupriavidus taiwanensis (strain R1 / LMG 19424) GN=truB PE=3 SV=1
ANRG61 MOUSE Mass: 46558 Score: 42 Expect: 33 Matches: 4
Ankyrin repeat domain-containing protein 61 O0S=Mus musculus GN=Ainkrdél PE=2 SV=1
IPSPE ARATH Mass: 125630 Score: 41 Expect: 41 Matches: 6
Type II inositol-1,4,5-trisphosphate S-phosphatase 14 OS=Arabidopsis thaliana GN=SPTASE14 PE=1 5V=1
THIO PONAB Mass: 11877 Score: 41 Expect: 41 Matches: 3
Thioredoxin OS=Pongo abelii GN=TXN PE=3 SV=3
RBL2 RHOS1 Mass: 50560 Score: 40 Expect: 57 Matches: 4
Ribulose bisphosphate carboxylase OS=Rhodobacter sphaeroides (strain ATCC 17029 / ATH 2.4.9) GN=chbM PE=3 SV=1
RBLZ RHOS4 Mass: 50569 Score: 40 Expect: 57 Matches: 4
Ribulose bisphosphate carboxylase OS=Rhodobacter sphasroides (strain ATCC 17023 / 2.4.1 / NCIB 8253 / DSM 158) GN=chbM PE=3 SV=1
RBL2 RHOSH Mass: 50487 Score: 40 Expect: 57 Matches: 4
Ribulose bisphosphate carboxylase OS=Rhodobacter sphaeroides GN=cbbl PE=3 SV=3
RBELZ RHOSK Mass: S5S0560 Score: 40 Expect: 57 Matches: 4
Ribulose bisphosphate carboxylase OS=Rhodobacter sphaeroides (strain KD131 / KCTC 12085) GN=cbbM PE=3 3V=1
LUTC GEOSW Mass: 26930 Score: 40 Expect: 59 Matches: 4
Lactate utilization protein C OS=Geobacillus sp. (strain WCH70) GN=lutC PE=3 SWV=1
GPAl1 YEAST Mass: 54042 Score: 40 Expect: 59 Matches: 4
Guanine nucleotide-binding protein alpha-1 subunit OS=Saccharomyces cerevisiae GN=GPil PE=1 SV=3
URED BURCA Mass: 30901 Score: 39 Expect: 64 Matches: 3
Urease accessory protein ureD OS=Burkholderia cenocepacia (strain AU 1054) GN=ureD PE=3 S5V=1
URED EURCH Mass: 30917 Score: 39 Expect: 64 Matches: 3
Urease accessory protein ureD OS=Burkholderia cenocepacia (strain HIZ2424) GN=ureD PE=3 3V=1
KNO YEAST Mass: 52396 Score: 39 Expect: 72 Matches: 4
Kynurenine 3-monooxygenase O5=3accharomyces cerevisiae GN=BNA4 PE=1 5V=1
RL11 PROVI Mass: 15072 Score: 38 Expect: 79 Matches: 3
505 ribosomal protein L11 OS=Prosthecochloris wvibrioformis (strain DSM 265) (strain DSM 265) GN=rplK PE=3 SV=1
SWR1 DEBHA Mass: 184550 Score: 38 Expect: 91 Matches: 6 3
Tlm )i CTIDA AT R R PRI Y

Done
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More databases

) Mascot Search Results: Protein View - Mozilla Firefox

. In th e File Edit Miew History Bookmarks Tools Help
A ) > Y

- C ‘ar |l http:tiwew. matrixscience. comfegijprotein_view.pl7file=. /dataj20101118/FterOiawO. datihit=1 mandll B ! . i%

8] Most visited | ] Customize Links | 7] Free Hotmail | | Windows Marketplace & windows Media | | Windows

baCkground, {L.. Concise Summary Report (Peptide Mas... ._k_‘mscotSemchaesultswrotem...[ + | -

Hatched peptides shown in Bold Red
maSCOt 1 MEPAPARSPR PQQDPARPQE PTMPPPETPS EGR(QPSPSPS PTERAPASEE
51 EFQFLRCQQC QAEAKCPKLL PCLHTLCSGC LEASGNQCPI CQAPUPLGAD
. 101 TPALDNVFFE SLQRRLSVYR QIVDAQAVCT RCKESADFWC FECEQLLCAK
declded that 151 CFEAHQWFLK HEARPLAELR NQSVREFLDG TRKTNNIFCS NPNHRTPTLT
201 SIYCRGCSKP LCCSCALLDS SHSELKCDIS AEIQQRQEEL DANMTQALQEQ
251 DSAFGAVHAQ MHAAVGQLGR ARAETEELIR ERVRQVVAHV RAQERELLEA
301 VDARYQRDYE EMASRLGRLD AVLQRIRTGS ALVQRMKCYA SDQEVLDMHG
the maSSeS 351 FLROALCRLR QEEPQSLQAA VRTDGFDEFK VRLODLSSCI TQGKDAAVSK
401 KASPEAASTP RDPIDVDLPE EAERVKAQVQ ALGLAEAQPM AVVQSVPGAH
451 PVPVYAFSIK GP3YGEDVSN TTTAQKRKCS QTQCPRKVIK MESEEGKEAR
. 501 LARSSPEQPR PSTSKAVSPP HLDGPPSPRS PVIGSEVFLP NSHHVASGAG
that We ln ut 551 EAEERVVVIS SSEDSDAENS SSRELDDSSS ESSDLQLEGP STLRVLDENL
p : 601 ADPQAEDRPL VFFDLKIDNE TQKISQLAAV NRESKFRVVI QPEAFFSIYS
651 KAVSLEVGLQ HFLSFLSSMR RPILACYRLW GPGLPNFFRA LEDINRLWEF
701 QEAISGFLAR LPLIRERVPG ASSFKLKNLA QTYLARNNMSE RSAMAAVLAM
Corr S Ond d 751 RDLCRLLEVS PGPQLAQHVY PFSSLOCFAS LQPLVQAAVL PRAEARLLAL
e p e 801 HNVSFMELLS AHRRDROGGL KKYSRYLSLQ TTTLPPAQPA FNLOQALGTYF
851 EGLLEGPALA RAEGVSTPLA GRGLAERASQ QS
tO the [ Show predicted peptides also ]
. ® Residue Number O Increasing Mass O Decreasing Mass
fOllO ~~ lng Start - End Observed Mr(expt) Mr(calc) Delta Miss Seguence
8 - 33 2882.5000 2881.4927 2881.3777 0.1150 0 R.SPRPQQDPARP(QEPTMPPPETPSEGR.(
N 34 - 44 1182.4400 1181.4327 1181.5677 -0.1349 0 R.QPSPSPSPTER.A
. 45 - 56 1423.5200 1422.5127 1422.6779 -0.1652 0 R.APASEEEFQFLR.C
peptldes. 161 - 170 1191.5000 1190.4927 1190.6520 -0.1592 0 K.HEARPLAELR.N
308 - 315 1000.3300 999.3227 999.3967 -0.0740 0 R.DYEEMASR.L
319 - 325 814.4300 813.4227 813.4708 -0.0481 0 R.LDAVLQR.I
359 - 372 1624.7400 1623.7327 1623.8692 -0.1365 1 R.LRQEEPQSLQAAVR.T
361 - 372 1355.5300 1354.5227 1354.6841 -0.1613 0 R.QEEPQSLQAAVR.T
373 - 380 958.3500 957.3427 957.4080 -0.0653 0 R.TDGFDEFK.V
491 - 500 1165.3900 1164.3827 1164.5081 -0.1253 1 K.MESEEGKEAR.L
504 - 515 1300.4700 1299.4627 1299.6419 -0.1792 0 R.SSPEQPRPSTSK.A
516 - 529 1426.5700 1425.5627 1425.7365 -0.1737 0 K.AVSPPHLDGPPSPR.S
530 - 555  2653.3900 2652.3827 2652.2780 0.1048 0 R.SPVIGSEVFLPNSNHVASGAGEAEER.V
574 - 594  2265.1100 2264.1027 2264.0292 0.0735 0 R.ELDDSSSESSDLQLEGPSTLR.V
595 - 616  2544.4100 2543.4027 2543.2908 0.1120 0 R.VLDEHLADPQAEDRPLVFFDLK.I
Ho match to: 1320.4000, 1348.4100, 2550.3000
5 O Fomemoemo e R Toeeeto 2 e G b i e St e e ik L
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Applications of Proteomics

e There are a huge number of applications for proteomics
including:

e Characterization of the proteome vs. genome

e Monitoring cellular metabolism in response to stimuli

e Early detection of disease/cancer (clinical tests)

e Highly specitic identification of disease/cancer (quantitative)

e Post-translational moditications (e.g. phosphorylation,
epigenetics)

34



Case Study: Samuel Lunefeld Research Institute @
Mount Sinai Hospital in T.O.

e The S RI is one of Toronto’s biggest research institutes with
close ties to U of T and the university hospital network.

e The institute has many areas of expertise, but there is a focus on
clinically oriented systems biology, a big part of which is
proteomics studies...

¢ As an example, we’ll look at some of the proteomics studies
coming out probably the biggest name group at SLRI, the Pawson

group...
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Pawson Group: Cancer Detection

Cell-Specific Information Processing in
Segregating Populations of Eph Receptor
Ephrin—Expressing Cells

Claus Jergensen,? Andrew Sherman,™Z Ginny 1. Chen,™® Adrian Pasculescu,? Alexei Poliakov,?

Marilyn Hsiung,® Brett Larsen, David G. Wilkinson,? Rune Linding,** Tony Pawson
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