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The Perfect Image of Nanospray
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Principles of Electrospray




Chemistry Considerations

© lons are pre-formed in solution
= Technique works well with Polar analytes
= Good for Thermally labile analytes

= Good for Large Molecules (Proteins /
Peptides)



lon Evaporation Theory

As droplet evaporates,

Droplet field increases and ions
e Raleigh Limit -
Capillary containingions e to surface D?oplet
+4 kV Instability -

releases smaller
Dole, Fenn, Kebarle droplets -ions
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protein ejection

& charge equilibration
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Introduction: What are Proteins?

* Proteins are polyamides, their (l:H
monomeric units are comprised of  {_N" “c—OH
20 different ai-amino acids | |

« Enzymatic proteins (catalysts for such functions as digestion)

« Structural proteins e.g. collagen and elastin (connective tissue)

« Contractile proteins e.g. myosin (muscle movement)

 Transport proteins e.g. hemoglobin molecules (oxygen transport)

» Storage proteins e.g. casein (major source of aa for baby mammals)
« Hormonal proteins e.g. insulin (regulates sugar conc. in the blood)
 Receptor proteins (build into the membrane of nerve cells)
 Defensive proteins (antibodies to protect against diseases)



Neutral and hydrophobic aminoacids
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Neutral polar aminoacids
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Primary structure of a protein is the exact sequence of the different
o.-amino acids along the protein chain (also refered to as the
covalent structure of the protein).

i i
H3N+—(|3H-C—O' H3N+—C|2H-C—O'
+
Ry R>
l -[H,0]
Peptide bond
or

O O

peptide linkage

[ [
H3N+—(|3H-C—NH-(|3H-C—O'
Rq R2



@) O O
H3N+—CH-é|3 NH-CH-y) NH-CH-(”:—OH
I I R
N-terminal residue C-terminal residue

By convention, protein and peptide sequences are written with the
N-terminal amino acid on the left and the C-terminal residue on the right.




Polymers containing:
2 amino acid residues are called dipeptides

3 -/1- tripeptides
3-10 -/1- oligopeptides
Many -/1- polypeptides

Proteins are molecules that contain one or
more polypeptide chains



Mass Spectrometric Analysis of Proteins

Steps In procedure:

1.
2.

M. determined by electropsray (ESP) or MALDI.

Samples of protein are digested with proteases like
trypsin and chymotrypsin.

Each of the digests is fractionated by HPLC or CE.

The M, of each peptide is determined by ESP or MALDI,
subsequently collision induced dissociation is used to
gather information on the sequence.

The sequence of as many of the oligopeptides as possible are
deduced from the data.

By looking for identical overlapping sequences, individual
peptide sequences are assembled into the full sequence of
the protein.



Mass Analyzer

Solution —

2-10 puL/min




Sample preparation requirements

Because of the need for protons protein samples are dissolved in
protic volatile solvent systems.

Approximately 1 mM of salt

However, up to 100 mM NH,Ac is often used

Alkali and alkaline salts are detrimental to signal

Phosphate buffers are detrimental to signal

Requires approx. 1 pmol
(less sample required when using nanospray)



Determination of protein Mr using ESP-MS

Egg white lysozyme

deconvolution

T

.-'I - I"-_ .
13, 000 Vb, 500

Molecular Weight

Mass accuracy of 0.01 % can be expected



Determination of protein Mr using ESP-MS

45+

‘“+| Bovine serum albumin ss.2c
, JB+

66, 000
Muobecular Wenghn




2. Samples of protein are digested with proteases like
trypsin and chymotrypsin.



Protein digestion

First, useable CID data usually can only be obtained from peptides less than 2-3 kDa, and trypsin
generally produces peptides of this size. It seems that the easiest spectra to interpret are those
obtained from doubly-charged precursors, where the resulting fragment ions are mostly singly-
charged with only a few doubly-charged fragments. Doubly-charged precursors also fragment
such that most of the peptide bonds break with comparable frequency, such that one is more
likely to derive a complete sequence.

The second reason for using trypsin proteolysis has to do with the desirability of placing basic
residues, notably arginine, at the C-terminus of a peptide. It is a general observation in low energy
CID that the presence of arginine in the middle of a peptide will often result in the absence of
fragmentations at several contiguous peptide bonds adjacent to the arginine. Trypsin cleaves on the
C-terminal side of arginine and lysine. By putting the basic residues at the C-terminus, peptides
fragment in a more predictable manner throughout the length of the peptide.



3. Each of the digests is fractionated by HPLC or CE.



HPLC ESP-MS/MS of peptide digests

Intens.
x107

Base Peak:
m/z 1502000

ko b T T

35 Time [min]

Chromatogram generated from 1pmol of material injected onto HPLC.



4. The M, of each peptide is determined by ESP or MALDI,
subsequently collision induced dissociation is used to
gather information on the sequence.



Amino acid sequencing in an unknown peptide using ESP-MS/MS

The peptide we are about to sequence
was obtained from

methionyl human growth hormone. The mass spectrum

Initially the protein was digested of t?ﬁvgiﬁggteiggder
using trypsin.

JHep contained a base peak at
The resulting peptide mixture was m/z 681.5
separated and detected using
HPLC — ESP — MS/MS. What 1s the peptide’s Mr?

An ESP mass spectrum was recorded Mr 1361

for each peptide.



Amino acid sequencing in an unknown peptide using ESP-MS/MS

The sequence of the peptide can be investigated by carrying out
collision-induced fragmentation (CID) of the [M+2H]?* ions
occurring at m/z 681.5

ESP 'ﬁ. z I

Q1 is setup to only allow ions with m/z 681.5 through.
CID is occurs in the collision cell (q)

Q3 Is used to separate the resulting product ions, and thus allow for
Recording of the product mass spectrum.

Detector



Amino acid sequencing in an unknown peptide using ESP-MS/MS

O (”) O

[
HZN—(llH-C——ITI—(llH-C——ITI—(llH-C—OJ’HZ
R(n-Z) H R(n-l) H R(n)
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& N o A
! & [ ! [
H|—|T|—(|3H-C-:TITI—CH-C—:-O H, H—rN—(|3H-C—:-O H,
| | |
:H R(n-1) ::H R(n) : :H R(n) :

amino acid residues



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Product ions along with their approximate RA following

CID of diprotonated unknown peptide.

m/z  RA (%) m/z

85 12

102 13

142

175

201

229

232

259

298

316

358

363

383

400

476

487




Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)
Name Symbol Symbol Residue mass

57

71

87

97

e
101
103
113
113
114
115
128
128
129
131
137
147
156
163
186

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val
Threonine Thr
Cysteine Cys
Isoleucine lle
Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His
Phenylalanine Phe
Arginine
Tyrosine
Tryptophan

S<XTNMIZMXQUZr~—0-H4<TO>QE

- - >
S S 3



y-type ions
Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-) m/z  RA (%) m/z RA (%) |

85 12 544

102 13 566

57 142 577
71 175 629
87 201 657
g; 229 705
101 232 785
103 259 818
113 298 858
113 316 875
114 358 886
115 363 087
128 383 1004
128+19=147 128 400 1116

129
131 476 1133

o 487 1246

147
156+19=175 156 Trypsin hydrolyses proteins at the C-terminus

163 of all lysine and arginine residues
186

Name Symbol Symbol Residue mass

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val
Threonine Thr
Cysteine Cys
Isoleucine lle
Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His
Phenylalanine Phe
Arginine
Tyrosine
Tryptophan

G
A
S
P
Vv
T
C
I
L
N
D
Q
K
E
M
H
F
R
Y
W

— —|>
S S |3




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)
Name Symbol Symbol Residue ms +175

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val
Threonine Thr
Cysteine Cys
Isoleucine lle
Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His
Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan Trp

m/z  RA (%) m/z  RA (%)

85 12 544
102 13 566
142 6 577
629

201 657
229 705
232 785
259 818
298 858
316 875
358 886
363 987
383 1004
400 1116
476 1133
487 1246

G
A
S
P
Vv
T
C
I
L
N
D
Q
K
E
M
H
F
R
Y
W




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)
Name Symbol Symbol Residue ms +232

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val
Threonine Thr
Cysteine Cys
Isoleucine lle
Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His
Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan

m/z  RA (%) m/z  RA (%)

85 12 544
102 13 566
142 6 577
629

201 657
229 705
785

259 818
298 858
316 875
358 886
363 987
383 1004
400 1116
476 1133
487 1246

G
A
S
P
Vv
T
C
I
L
N
D
Q
K
E
M
H
F
R
Y
W

—
-
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Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)
Name Symbol Symbol Residue ms +363

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val

Threonine Thr
Cysteine Cys
Isoleucine lle

Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His

Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan Trp

m/z  RA (%) m/z  RA (%)

85 12 544
102 13 566
142 6 577
629

201 657
229 705
785

259 818
298 858
316 875
358 886
987

383 1004
400 1116
476 1133
487 1246

G
A
S
P
Vv
T
C
I
L
N
D
Q
K
E
M
H
F
R
Y
W




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)

Name Symbol Symbol Residue ma +476

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val
Threonine Thr
Cysteine Cys
Isoleucine lle
Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His
Phenylalanine Phe
Arginine
Tyrosine
Tryptophan

m/z  RA (%) m/z  RA (%)

85 12 544
102 13 566
142 6 577
629

201 657
229 705
785

259 818
298 858
316 875
358 886
987

383 1004
400 1116
1133

487 1246

>
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Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Thr-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)

Name Symbol Symbol Residue ms +577

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val
Threonine Thr
Cysteine Cys
Isoleucine lle
Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine

Histidine His
Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan

m/z  RA (%) m/z  RA (%)
85 12 544
102 13 566
142 6

629
201 657
229 705
785
259 818
298 858
316 875
358 886
987
383 1004
400 1116
1133
487 1246

S<XATTIZIMXQOOZr - O0H4<T0O>X>»O

—]
=
©




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-GlIn/Lys-Thr-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)

Name Symbol Symbol Residue ms +705

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val

Threonine Thr
Cysteine Cvs
Isoleucine lle

Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His

Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan Trp

m/z  RA (%) m/z  RA (%)
85 12 544
102 13 566
142 6

629
201 657
229

785
259 818
298 858
316 875
358 886

987
383 1004
400 1116

1133
487 1246

S<X<ATTIZIMXQO0O0Zr T O04<TO>X>»O




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Leu/lle-GIn/Lys-Thr-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)

Name Symbol Symbol Residue ms +818

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val
Threonine Thr
Cysteine Cys
Isoleucine lle
Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His
Phenylalanine

Arginine

Tyrosine

Tryptophan

m/z  RA (%) m/z  RA (%)
85 12 544
102 13 566
142 6

629
201 657
229

785
259
298 858
316 875
358 886

987
383 1004
400 1116

1133
487 1246

SIKATIZIMXQO0Zr T 0O04<TO>X»O




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Gly or Trp -Leu/lle-GIn/Lys-Thr-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)

Name Symbol Symbol Residue ms +875

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val

Threonine Thr
Cysteine Cys
Isoleucine lle

Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lvsine Lvs
Glutamic acid Glu
Methionine Met
Histidine His

Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan Trp

m/z  RA (%) m/z  RA (%)
85 12 544
102 13 566
142 6

629
201 657
229
785
259
298 858
316
358 886
987
383 1004
400 1116
1133
487 1246

S<XATTIZIMXAXQOOZr - O0-H4<T0O>X»O




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-(Glu-Gly or Trp)-Leu/lle-GIn/Lys-Thr-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)

Name Symbol Symbol Residue ms +1004

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val

Threonine Thr
Cysteine Cys
Isoleucine lle

Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lvsine Lvs
Glutamic acid Glu
Methionine Met
Histidine His

Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan Trp

m/z  RA (%) m/z  RA (%)
85 12 544
102 13 566
142 6

629
201 657
229
785
259
298 858
316
358 886
987
383
400 1116
1133
487 1246

S<XATTIZIMXAXQOOZr - O0-H4<T0O>X»O




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Glu-(Glu-Gly or Trp)-Leu/lle-GIn/Lys-Thr-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)
Name Symbol Symbol Residue ms +1133

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val

Threonine Thr
Cysteine Cys
Isoleucine lle

Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His

Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan Trp

m/z  RA (%) m/z  RA (%)
85 12 544
102 13 566
142 6

629
201 657
229
785
259
298 858
316
358 886
987
383
400 1116

487 1246

G
A
S
P
Vv
T
C
I
L
N
D
Q
K
E
M
H
F
R
Y
W




Amino acid sequencing in an unknown peptide using ESP-MS/MS

-Leu/lle-Glu-(Glu-Gly or Trp)-Leu/lle-GIn/Lys-Thr-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

Masses of amino acid residues (-NHCHRCO-)

Name Symbol Symbol Residue ms +1246 Mr 1361

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val
Threonine Thr
Cysteine Cys

m/z  RA (%) m/z  RA (%)
85 12 544
102 13 566
142 6

629
201 657
229
Isoleucine lle 785
Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine Gln
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His
Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan Trp

259

298 858

316

358 886
987

383

400 1116

487
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Amino acid sequencing in an unknown peptide using ESP-MS/MS

Asp-Leu/lle-Glu-(Glu-Gly or Trp)-Leu/lle-GIn/Lys-Thr-Leu/lle-Met-Gly-Arg



Amino acid sequencing in an unknown peptide using ESP-MS/MS

O (”) O
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N-terminus b1 b2
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I I I
HJT—$HCq* wa—?Hcﬁw—$ch*
:H R(nZ) : : H (n-2) ::H (n-1) :

amino acid residues



Amino acid sequencing in an unknown peptide using ESP-MS/MS
b-type ions

116 229 | 358 || 487 || 544 544 657 785 | 886 999 1130 1187

AsprLeu/llerGlus(GlutGly|or Trp):Leu/llerGIn/Lyst ThriLeu/lletMet:Gly+1Arg

Masses of amino acid residues (-NHCHRCO-) m/z
Name Symbol Symbol Residue mass

57

71

87

97

99
101
103
113
113
114
115
128
128
129
131
137
147
156
163
186

Glycine Gly
Alanine Ala
Serine Ser
Proline Pro
Valine Val

Threonine Thr
Cysteine Cys
Isoleucine lle

Leucine Leu
Asparagine Asn
Aspartic acid Asp
Glutamine GIn
Lysine Lys
Glutamic acid Glu
Methionine Met
Histidine His

Phenylalanine Phe
Arginine Arg
Tyrosine Tyr
Tryptophan Trp
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Excellent match between the observed MS/MS spectrum from the most abundant ion
(m/z 807.2) in the chromatographic peak at 17.55 minutes and the theoretical y-ion
series predicted for a tryptic peptide from human apolipoprotein, one of the proteins in

the sample mixture.



The sequence of as many of the oligopeptides as possible are
deduced from the data.




By looking for identical overlapping sequences, individual
peptide sequences are assembled into the full sequence of
the protein.




Pulsed Laser MALDI
Beam Matrix Assisted Laser
Desorption lonization

h
' lovTiopog Ekpdpnong ue A€ilep

Kal JE YTToBonénon MnTpag
Desorption Desolvation ~ o

_h%_h— 0 o —» ToMass
o % Analyser

ale|d 196.1e|

Protein

+
S Excess Matrix
O
HO l

Evaporate Solvent




Detector

Repeller _L

Flight tube

MALDI plate

lovTiopog Ekpopnoncg ue Aéicep kai pe Ytroponenon MniTpacg



+[HOYIY] |

+[HOUE] 4

|

+[HDUY4Z]

+Z[HOYIg] |

+e[HOYZ]

+2[HDY] Iﬂﬂa

Alsuaju|




Sample

~ ; l 20 gel electrophoresis
P

_.,,4_'”.: l“la__.‘_"---.-

3 S AT o e T
-%H 1

QUANTIFICATION
A

L PSSy - Mepiopiopoi
2 T e plopiou
- avs S L
L 2
Excise a spot
r/‘ and digest with trypsin

Peptide mixtura from proteins in one spot

N

MALDI-TOF-MS ESI-MS/MS

XapTtoypdenon
Malwv TTETTTIOIWYV

AAANAouyia

IDENTIFICATION

QMIVOZEWYV O€
TTETITIOIO

I‘\_ Protein sequeance




NH,-Asp-Leu-Ala-Ser-Asn-Leu-Val-Glu-GIn-Phe-Leu-Arg-COOH

e T

N-terminal sequencing MS/MS sequencing
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1 hr=Asp

i 1 hr=_Leu
picomole| - 1= " femtomole

1 hr = Ser

1 hr= Asn
1 hr=_Leu
1 hr=Val

1 hr=Glu

1 hr= Arg
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Total time = 12 hours Total time = 1-2 seconds




[1pocdiopiopdg AAAnAovyiog apvoEEmy oe mentiowo ue ES-MS/MS

] ] ]
H2N—(|3H-C——ITI—(llH-C——ITI—(llH-C—OJ’HZ
R(n-Z) H R (n-1) H R (n)

W ﬁ C-terminus
s N o ~__ Ton
| &t [ ! [
H|—|T|—(|3H-C-:TITI—(|3H-C—:-O H, H—rlTI—(|3H-C—:-O H,
| | |
:H R "H Ry 'H Rp

amino acid residues



[1pocdiopiopdg AAAnAovyiog apvoEEmy oe mentiowo ue ES-MS/MS
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HPLC
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Protein mixture: A B.C and more

l Digest with protease
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l Fractionate by HPLC
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Events during 12 seconds of LC-MS/MS:

MS of peptides eluted
MSMSE of mz 1018, A,y
MSMS of mfz 820, B,
MSMS of miz 509, A,
MSMS of miz 650, T,
17 MSMS of iz T24
4"11"-12": M5 again

5 sequencing attempts in 11 seconds
800 sequencing attempts in 30 minutes

(Top 5 ions, see panel B)

l Analyze by MS/MS

Search
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Identification of proteins:

I

Sequences of all peptides:
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Cy Gy €y, and

T Output all data

5 peptide sequences:
LLTTIADAAK

EFNDPSNAGLOQNGFK
LLTTIADAAK

p SAGGNYVVFGEAK

p EDDVEEAVQAADR
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Figure 7. Multi-dimensional peptide chromatography permits the analysis of thousands of protelns from a smgle sample In the

example shown, |1 mg of whole cell yeast extract|was proteolvzed with t .
highly complex peptide solution was separated in th¢ first dimension by strong cation-exchange (SCX) chromatography wji

detection and fraction collection every minute (solvent A, 5 mm phosphate buffer, 25% acetonltrlle pH 3. O solvent B, the same as A

with 350 mm KCI). (B) The collected fractions were then analyzed individuall
described in Fig. 6. As a result, more t
identified from 80 fractions using previously established criteria for database matching.




Heavy reagent: d8-ICAT (X=deuterium)
Light reagent: dO-ICAT (X=hydrogen)
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Figure 1. Tlis 15 an MS/MS spectrum of the tryptic peptide
GLSDGEWQQVLNVWGK. This data was collected on an 1on trap mass spectrometer.




