
Week 9: MS in Space and Proteomics
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Last Time…

• Detectors
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• Small Molecule Applications, Environmental: (e.g. TWQC)



Mass Spectrometry in Space
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• Possibly the coolest application of small molecule MS is in 
space…

• Enter Case Study #2: Mass Spectrometry and NASA

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

• Sampling Atmosphere (upper and lower)

• Sampling Soil

• Monitoring cabin atmosphere, life support

• Of course, use is space requires that the instrument be 
miniaturized, which also reduces weight and, generally power 
consumption



Challenges of Miniaturization
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History of MS in Space
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Mass Spectrometer Year, Mission Resolution
Ion 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
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• Obviously, Mini-MS doesn’t really work as well as the big 
gigantic ones we have in the lab. However:



The Venutian Atmosphere…
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• As it was falling into the atmosphere, the Pioneer Lander made 
the following measurements:

• Dotted lines 
are when they 
were at low EI 
energies…

• Decreases 
between 50 and 
28 km due to 
accumulation of 
H2SO4 droplets



Sulphur Gasses in the Venusian Atmosphere
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• Peak in SO2 at 
38 km is due to 
evaporation of 
H2SO4

• Lots of 
Carbonyl sulfide 
(COS) in the 
lower 
atmosphere



And the Upper Atmosphere…
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• Pioneer also had an MS on it’s orbiter… A Quadrupole MS, no 
less…



More of the Venusian Upper Atmosphere
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• Measurements 
are much cleaner 
when you’re not 
falling through 
the atmosphere…

Daytime

Nighttime



The Viking GC-MS
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• The GC-MS on Viking lander was designed to look for, among 
other things, organic compounds at the ppb level in soil.



The Viking GC-MS Cont.
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Oh No He didn’t! Controversey…
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• A huge controversy erupted over the Viking Lander GC-MS. It 
started with a publication by Rafael Navarro-Gonzalez et al. 
which was entitle thus: 

• 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.



Viking Lander MS Sucks?…
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• Here are the results summarized:



Detection is Easy…
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• The argument was 
that complex 
carbon containing 
molecules present in 
the soil might have 
been oxidized to 
CO2 in the GC oven 
in the presence of 
Fe



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

• 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…



More Smackdown!
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• That was followed by this:

The remarkable fact of these measurements and their interpretation is that the lowest level of 
detection at either temperature is 1 μg/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).



Organics Detected…
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• This was followed by these 
results on the real viking
GC-MS showing that it 
could detect organics… even 
in Antarctic soil…
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APPLICATION II: 
PROTEOMICS



And Now for Something Completely Different…
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• Proteomics is the ‘catchment term’ for any research aimed at 
characterizing the protein complement of the cell (or a subset 
thereof).

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

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

• The field of proteomics didn’t get started until around 15 years 
later, mainly due to the development of 2D page electrophoresis 
and ESI/MALDI MS.



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

witness C. elegans
(a flatworm)

genes: ~20,100  

unique gene products: 
~25,600  

witness the human 
(a primate)

genes: ~25,000  

unique gene products: 
~477,000



Mass Spectrometry and Proteomics
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• Currently, the vast majority of proteomics research efforts are 
enabled by mass spectrometry

• 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).

• 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.

• Selectivity is needed because proteomic samples invariably 
involve a large (sometimes massive) number of proteins and/or 
peptides that need to be simultaneously detected…



Challenge 1: Expression Levels
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• 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…



Challenge 2: Number of Proteins
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• Obviously, there are a huge 
number of proteins in the cell. If 
we tried to just look at them by 
MS, we might see something like 
this (at best):

• This is where separation techniques come in…

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



2D Electrophoresis

26

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

-ve +ve 

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

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

• Step 3: Separate by mass. 



2D Electrophoresis Cont.

27

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

• We can then cut out 
these ‘spots’…

• And do what we want 
with them, most likely 
resolvation followed by 
trypsin digestion to yield 
peptides followed by nano-
ESI or MALDI-MS



Workflows: Flavors of Proteomics
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• The above corresponds to a proteomic workflow which really 
defines the nature of the proteomic experiment.

trypsin MALDI 
MS/MS



Interlude: LC-MS
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• 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.

I

time

Reverse Phase Column

• For separating peptide, people typically use ‘reversed phase’ 
HPLC which relies on hydrophobic interactions between 
peptides and modified silica beads…



Types of Proteomic Experiment:
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• In general, proteomics can be subdivided into two types based 
more-or-less on whether enzymatic digestion is used:

• Bottom up:

trypsin

LC/MS

• Top Down:



Proteomics Databases…
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• In a typical 
proteomics 
experiment, 
proteins are 
‘identified’ 
based on the 
presence of a 
small number 
of peptides 
whose 
sequence is 
within the 
overall protein 
sequence… for 
example:

MASCOT



More databases
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MASCOT



More databases
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• In the 
background, 
mascot 
decided that 
the masses 
that we input 
corresponded 
to the 
following 
peptides:



Applications of Proteomics
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• There are a huge number of applications for proteomics 
including:

• Monitoring cellular metabolism in response to stimuli

• Early detection of disease/cancer (clinical tests)

• Characterization of the proteome vs. genome

• Highly specific identification of disease/cancer (quantitative)

• Post-translational modifications (e.g. phosphorylation, 
epigenetics)



Case Study: Samuel Lunefeld Research Institute @ 
Mount Sinai Hospital in T.O. 
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• The SLRI is one of Toronto’s biggest research institutes with 
close ties to U of T and the university hospital network.

• 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…



Pawson Group: Cancer Detection
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