Development of Photodissociation for
Analysis of Biological Molecules

y

Jenny Brodbelt
Department of Chemistry
University of Texas at Austin


http://images.google.com/imgres?imgurl=http://www.ebgm.jussieu.fr/%7Edebrevern/PBs/images/protein_rasmol_02b.jpg&imgrefurl=http://www.ebgm.jussieu.fr/%7Edebrevern/PBs/coding.html&h=744&w=744&sz=256&hl=en&start=8&um=1&tbnid=LqpcjXDZpvilBM:&tbnh=141&tbnw=141&prev=/images?q=protein&um=1&hl=en&rlz=1T4DMUS_enUS208US209&sa=G

The need for fast, efficient, robust ion activation methods
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Ideal Attributes of an Activation Method

Fast —

High energy deposition

Large diversity of fragment ions

Efficient

Robust (little dependence on tuning conditions)

Effective for positive/negative ions
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Energy Deposition: CID versus UV photodissociation
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Multiple collisions
Step-wise energization
Vibrational excitation
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UVPD

6.4 eV (193 nm ArF laser)

Higher energy deposition/
excited electronic states

Fast

Greater diversity of fragment ions
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Top-down protein analysis by photodissociation

Orbitrap: high performance mass spectrometer

193 nm
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Need high resolution/high accuracy for confident assignment of multi-
charged fragment ions
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UVPD of Myoglobin

153 residues (17 kDa)
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UVPD of myoglobin (153 residues, 17 kDa)
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96% sequence coverage



% Sequence Coverage

Sequence coverage obtained for myoglobin

WETD mCID mHCD mUVPD
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UVPD of Carbonic Anhydrase
259 residues (29 kDa)

w0 34+ charge state

g =+ 1 pulse at 0.6 mJ 87% seguence coverage MH
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Shaw, , Li, , Holden., Zhang,, Griep-Raming, Fellers, Early, Thomas, Kelleher, Brodbelt, “Complete Protein Characterization Using
Top-Down Mass Spectrometry and Ultraviolet Photodissociation”, J. Am. Chem. Soc., 2013, 135, 12646-12651.



High Energy CID of Carbonic Anhydrase

34+ 30% coverage
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Distribution of N-terminal fragment ions for CID, HCD, UVPD, and ETD

N-terminal region Mid-section C-terminal region
1 Residues 1-80 Residues 81-160 Residues 161-238

0 ECID 25+
I I mHCD 25+
I ) 1 UVPD 25+
mETD" 33+
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Number of Fragments
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Five green fluorescent proteins

UVPD gives fragmentation deeper into the protein sequence
(Same trend is observed for C-terminal fragment ions)

Cannon, Kluwe, Ellington, Brodbelt, in press Proteomics 2014.



Two key questions:

1) Post-translational modifications?

2) High-throughput strategies?



Pinl: Peptidyl-prolyl cis-trans isomerase
(regulates phosphorylation of Ser/Thr-Pro motifs)

* Pinl oxidation/dysfunction has
been linked to Alzheimer’s disease

* Pinl activity is reduced in the early
stage of Alzheimer’s disease
through modification by oxidation

GSHGMADEEKLPPGWEKAMSRSSGRVYYFNHITNASQW
ERPSGNSSSGGKNGQGEPARVRCSHLLVKHSQSRRPSS
WRQEKITRTKEEALELINGYIQKIKSGEEDFESLASQFSDCS

SAKARGDLGAFSRGQMQKPFEDASFALRTGEMSGPVFTD
SGIHIILRTE Possible oxidation sites

o Collaboration with Prof. Jessie Zhang (UT-Austin)



Pinl
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Charge deconvoluted UVPD spectrum of MH?2*



UVPD for High Throughput Analysis of Complex Mixtures

Yeast Lysate Gelfree fraction
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2 cm C4 trap column, 15 cm C4 analytical column, 300 nL/min




UVPD for High Throughput Analysis of Complex Mixtures

Yeast Lysate fraction: C4 nanoLC column, 300 nL/min
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Eukaryotic translation initiation factor 5A (elF-5A, 17kDa)
N-terminal acetylation and phosphorylated serine
Hypusine (N-epsilon-(4-aminobutyl)lysine)
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LC-UVPD-MS for higher throughput protein identification

E.coli ribosome: 56 proteins



UVPD outperforms collision-based methods for
most ribosomal proteins
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Cannon, J.R., Cammarata, M.B., Robotham, S.A., Cotham, V.C., Shaw, J.B., Fellers, R.T., Early, B.P., Thomas, P.M., Kelleher, N.L.,
Brodbelt, J.S., “Ultraviolet photodissociation for characterization of whole proteins on a chromatographic time scale”, Anal. Chem.
2014, 86, 2185-2192.



Three Strategies for Proteomics

Top-Down Middle-Down Bottom-Up

Intact proteins | Peptides
Large peptides
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Integration of ETD and UVPD

LIT

g

ETD UVPD

ETD: 15-100 ms

UVPD: excimer laser (193 nm) - one 5 ns pulse



Distribution of ion types for ubiquitin
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ETUVPD gives a “balance” of ETD and UVPD fragment ions



Comparison of number of identified fragment ions

m/z 400 800 1200



Photodissociation offers:

Fast, high energy deposition
Fragment ion diversity: a,b,c, X,y,z

Promising strategy for top-down proteomics



—

Acknowledgements
Brodbelt group

« Julia Aponte
 Michael Cammarata
e« Dr. Joe Cannon

* Victoria Cotham

e Chris Crittenden
 Mick Greer

e Dustin Klein
 Dustin Holden
 Dr. Will McGee
 Buddy O’Brien
 Ryan Parker
 Michelle Robinson
e Scott Robotham

J\ Collaborators:
Welch

vvelch - =~ Dr. Stephen Trent Dr. Andy Ellington
oV , Dr. George Georgiou Dr. Jessie Zhang
National Science Foundation by \walt Fast Dr. Hua Xu
Dr. Neil Kelleher Dr. Adrian Keatinge-Clay

fg% National Institutes of Health Thermo Scientific




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	UVPD of Myoglobin�153 residues (17 kDa)
	Slide Number 7
	Slide Number 8
	Slide Number 9
	High Energy CID of Carbonic Anhydrase
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Pin1
	UVPD for High Throughput Analysis of Complex Mixtures
	UVPD for High Throughput Analysis of Complex Mixtures
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	�Photodissociation offers:��Fast, high energy deposition��Fragment ion diversity:  a,b,c, x,y,z��Promising strategy for top-down proteomics�
	Acknowledgements

