Protein analysis by mass
spectrometry

Nick Polfer
Department of Chemistry
University of Florida

Proteins in biology

Same genetic
make-up!

Natural History Museum (UF)




Challenges

* highly complex (homo sapiens: 35,000 genes = 10° proteins)
e dynamic protein expression

e very low sample amount (10-1,000 copies per cell)

 cannot amplify, such as with DNA (i.e., polymerase chain
reaction)

= need ultra-sensitive and quantitative analytical
techniques
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Aebersold ,Goodlett; Chem. Rev. 2001, 101, 269.




Mass spectrometer
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Synopsis

* how do we measure the mass of molecules?
* what techniques are involved?

* what do mass spectra look like?

* how is peptide/protein analysis carried out?




Weighing mass

Gravitational force acts on spring

Down to ug (10 g)

Weighing molecules

Atomic mass unit
(a.m.u.): 1.66x102%% g

lonize molecules
F=ma = q(E+vB)

g = electric charge
E = electric field
v = ion velocity
B = magnetic field

Ignore gravitational force F..=QE=10"xE
F...=mg=10?%"x

grav




Mass spectrometer

Electrical power
supplies,
magnets,
computer, etc.

lonize sample Need
without vacuum:

destroying it = pumps

Smallest charged particle: electron

cathode ray tube

FIGURE 1: J. J. Thomson and a cathode ray tube used to perform some of the first m/z
measurements. Deflection of the electron was observed once the electric field was tumed on.

Sir Joseph John Tompson — discovery of the electron - 1897

Siuzdak; Today’s Chemist at Work, 2003, 47.




Contribution to science

Nobel Prize Winners

“for their development of
soft desorption ionization
methods for mass

000 s 100 Chemery 1080 Frsen spectrometric analyses of
biological macromolecules”

Hans G. Dehmelt John B. Fenn Koichi Tanaka
1989 Physics 2002 Chemistry 2002 Chemistry

Prepare sample

a-cyano-4 hydroxycinnamic
acid (CHCA)




Matrix-Assisted Laser Desorption/lonization
MALDI Tanaka (Nobel Prize)

laser
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lons from solution: ElectroSpray lonization

Royal Society of Chemistry website




MALDI-Time-of-Flight (TOF)

Short laser
pulse

Flight tube and drift region to
measure the time-of-flight (TOF)

b

‘ Separate ions by mass

detector

Accelerating pulse

Principles of MALDI MALDI-TOF mass spectrometry Stephen Barnes, Ph.D.
Purdue-UAB Botanical Center Workshop 2002 Mass Spectrometry Methods in Botanicals Research

Accelerate ions — measure arrival time

charged  ionizing grounded
plate event plate
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CHNOS(P)
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Isotopes

Element Isotope Abundance Mass

Hydrogen 100 1.007825

0.0115 2.014101

Carbon 100 12.000000

1.08
Nitrogen 100
0.369
Oxygen 100
0.038

0.205

13.00335¢

14.00307

15.000109

15.994915

16.999132

17.999116




Isotopes: influence on mass
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MALDI mass spectrum

Mostly singly
charged ions

[eq. Myoglobin]+
[Ubiquitin]+

Relative Abundance

Cylochrome]2+

King’s College London Mass Spectrometry Facility

Electrospray ionization (ESI)

Multiply
charged ions

13,000 x 80 =1,000,000 !!!

Heck; Curr. Op. Chem. Biol. 2004, 8, 519.




Protein identification

Mass spectrometry
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Data analysis

Protein digestion lonization Nature Reviews | Molecular Cell Bislogy

Steen, Mann; Nature Rev. Mol. Cell Biol. 2004, 5, 699.

Protein sequence

A) Primary Sequence of Horse Myoglobin

GLSDGEWQQVLNVWGKVEADIAGHGOEVLIRLFTGHPETLEKFDKFKHLKTEAEMKA
SEDLKKHGTVVLTALGGILKKKGHHEAELKPLAQSHATKHKIPIKYLEFISDAIIHVLHSK
HPGDFGADAQGAMTKALELFRNDIAAKYKELGFQG

Enzyme to digest protein into peptides — trypsin selectively
cleaves at K and R (lysine and arginine)

B) Example of a Mass Map for Myoglobin —

Monecisotopic Mass| masses that reflect
ASEDLK B61.328 protein = peptide
ASEDLKK 789.423 mass fingerprinting
LFTGHPETLEK 1270.655 (PMF)
GLSDGEWQQVLNYWGK 1814.895

Aebersold ,Goodlett; Chem. Rev. 2001, 101, 269.




Protein database identification

e Contain protein sequences of all known proteins
* Compare experimental peptide masses to in silico peptide masses

177

Software calculates ALL possible enzymatic peptide masses

Online tools and databases

Molecular Detective  http://www.moleculardetective.org/ Dr. Chen, UF

http://www.ebi.ac.uk/uniprot/

Non-annotated database

Annotated database

Protein Data Bank http://www.pdb.org/pdb/home/home.do

Other Protein Databases http://www.ebi.ac.uk/Databases/protein.html




Workshop (Chen)
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Detect & identify biomolecules -

Advance the education & training of 'omics' sciences for high schools
From the laboratery of Dr. Sixue Chen at the University of Florida,
Sponsored by the US National Science Foundation

Protein & Proteomics Tutorials

s ca 4 R Fingerprint
Be up-to-date on proteomics news State-of-the-Art Biology Li b ra ry

A Messape from Dr. Sixue Chen
Protein Finge

WANTED

For Close study -
May Lead to Rewarding Career

Workshop (Chen)
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Workshop (Chen)

#AHEE Mascot Search Results

* Score: should be > 65 (green box)

* Matches: number of peptides
identified
* Mass of protein
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474 7 Mass: 30070 Score: 42 Expect: 3.5 Matches: 5
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Workshop (Chen)

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 16

Number of mass values matched

Seqguence Coverage: 41% L

Matohed peprides shows in Aoid Red Good sequence
—

MSPAEASREE NVYMAKLAEQ AERVEEMVEF MERVAKTTDV CELTVEERNL coverage 111

LR
LSVAYENVIG ARRASWRILS SIEQKEESRG NEARYVASIKE YRSRIETELS

KICDGILELL DSHLVPSATA AESKVFYLEM KGDYHRYLAE
AENTLVAYKS AQDTALADLP TTHPIRLGLA LNFSVFYYET
AKQAFDDATA ELDTLGEESY RDSTLIMQLL RDNLTLWISD
EAARPEGEGH

Show predicted peptides also

@ Residue Number © Increasing Mass () Decreasing Mass

Start - End Observed  Mr(expt) Mr(calc)
17 - 33 2131.9386 2130.9313 2130.9601
33 . . 1333.5570
1347.6518 .
1417.7412 . R.IISSIEQREESR.G
1817.9635 . K.SAQDIALADLPTTHPIR.L
2330.1947 . R.LGLALNFSVFYYETLNSEDR. A
2113.9691 . K.QAFDDAIAELDTLGEESYE.D
1188.6536 . K.DSTLIMQLLR.D

to: 1323.5601, 1330.7257, 1490.6627, 1772.8976, 1783.8466, 1828.9032, 2367.1430, 2550.0861

Error (0a)
Error (apn)
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Workshop (Polfer) — confirm peptide sequence

How can we confirm peptide
sequence?

Protein C
Mass list

Steen, Mann; Nature Rev. Mol. Cell Biol. 2004, 5, 699.

Gel electrophoresis

ISOELECTRIC FOCUSING )
Control

SDS - PAGE

Other, more subtle
MASS SPECTROMETRY

http://biol.If1.cuni.cz/ucebnice/en/proteomics.htm




‘Target’ ‘Control’
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