
*“Well, in homely terms, we learned how to make elephants fly, as it were.”
John B. Fenn during an interview on News Hour with Jim Lehrer, October 9, 2002

Making Elephants Fly*



Mass Spectrometry



MS for Small Organic Molecules

Small molecules are easily vaporized

Electron beam ionization (10,000–
20,000 V) conveniently ionizes 
organic molecules

Fragmentation pattern caused by 
electron beam ionization provides 
clues about the structure of the 
molecule

MS for Proteins

Proteins are not easily vaporized

Electron beam ionization (10,000–
20,000 V) easily ionizes (cooks) 
proteins…

Fragmentation patterns produces by 
electron beam ionization are too 
complicated to analyze



Electrospray Ionization (ESI)
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α-analyse: 54,700 da

conalbumin: 76,000 da

cmasi
We don’t know the charge, but we know that adjacent peaks are separated by a charge of +1



Insulin: 5730 da

Lysosome: 14300 da

1433

1146

955

m/z x zm/z

1433 * 4 = 5732

1146 * 5 = 5730

1433 * 6 = 5730

m/z x zm/z

1430
1300
1192
1100

1430 * 10 = 14,300
1300 * 11 = 14,300
1192 * 12 = 14,304
1100 * 13 = 14,300
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(m/z1)1 z1 = m

(m/z2)2 z2 = m

z1 + 1 =  z2 

1791  z1 = m

1592  z2 = m

1592 z2 = 1791  z1

1592 (z1 + 1) = 1791  z1

1592 z1 + 1592 = 1791 z1

1592 = 199 z1

8 = z1

1791 (8) = m

14,328 = m
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PC-Glu-Gly-Val-Asn-Asp-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Ala-Arg 

PC-Gly-Val-Asn-Asp-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Ala-Arg 

PC-Val-Asn-Asp-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Ala-Arg 

PC-Asn-Asp-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Ala-Arg 

PC-Asp-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Ala-Arg 

PC-Asn-Glu-Glu-Gly-Phe-Phe-Ser-Ala-Arg 

PC = phenylisocyante

1. 5% phenylisocyanate 95% phenylisothiocyanate 
2. Trifluoroacetic acid
3. repeat

[Glu1]fibrinopeptide

Protein Ladder sequencing



It’s the difference that matters!




