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X-Ray Footprinting
Welcome and Overview

Corie Ralston, Sayan Gupta, Jen Bohon

ALS Users Meeting Workshop Oct 8, 2014
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WORKSHOP AGENDA — MORNING SESSION

TIME TALKS

9:30 — 10:30 Welcome and Ovetrview
Corie Ralston

XF Mass Spectrometry and Advances in Data Analysis Approaches
Janna Kiselar

10:30 — 10:45 Coffee Break
10:45 — 12:00 The Hybrid Approach: Combining XFP with SAXS
Sichun Yang

ProtMapMS: Software Solutions for High-Throughput Examination of Covalently Labeled
Biomolecules by Structural Mass Spectrometry
Parminder Kaur

12:00- 1:00 Lunch
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WORKSHOP AGENDA — AFTERNOON SESSION

TIME TALKS
1:00 - 2:00 Probing Ribosome Assembly in Live Cells Sarah Woodson

A Synchrotron-based Hydroxyl Radical Footprinting Analysis of Amyloid Fibrils and
Prefibrillar Intermediates with Reside-specific Resoultion Janna Kiselar

Coffee Break

2:00 — 3:00 Using XFP to Probe Protein Conformational Changes Governing Photoprotection in
Cyanobacteria Cheryl Kerfeld

Visualizing Internal Water Interactions in Membrane Proteins by XFP Sayan Gupta

Coffee Break
3:00 —4:30 XFP Insights into IgG Galahad Deperalta

Unmasking the initial Stages of HIV Env Glycoprotein Activation using H/D Exchange and
X-Ray Footprinting Miklos Guttman

The NSLS-II XFP Beamline and Beyond Jen Bohon

4:30 — 5:00 Beamline Tour
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ALS BEAMLINES
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Magnetic Microscopy

Diagnostic Beamline

Surface, Materials Science

Calibration, Optics Testing, Spectroscopy
Magnetic Spectroscopy, Materials Science
X-Ray Microscopy

Femtosecond and Picosecond Phenomena
Femtosecond and Picosecond Phenomena

Polymer STXM

CONFERENCE

ALS Beamlines

January 2011

5 N 3 o 1_’ | Research and Development

Macromolecular Crystallography

Macromolecular Crystallography

Macromolecular Crystallography

3 3 1 Macromolecular Crystallography
° ° Magneus o —
MERLIN

3 ° 2 ° 1 _’ | Commercial LIGA

Diagnostic Beamline
NCXT
IR Spectromicroscopy

IR Spectromicroscopy

Operational

— — — Comissioning

ROOM

SAXSIWAXS

Surface, Materials Science
Macromolecular Crystallography
Macromolecular Crystallography
Macromolecular Crystallography
Tomography

Chemical Dynamics

Diffraction Imaging

AMO, Materials Science
Chemical, Materials Science
Correlated Materials, AMO

X-Ray Fluorescence Microprobe
MicroXAS

PEEM3

Molecular Environmental Science
Small-Molecule Crystallography
EUV Lithography, Mask Inspection
EUV Interferometry, Photoemission
Coherent Soft X-Ray Science

High Pressure
Macromolecular Crystallography/Bio-SAXS
12.3.2 X-Ray Microdiffraction




A BRIEF HISTORY OF FOOTPRINTING

Chemical 1980
modification
methods
developed

1972
Gilbert, CIBA Found.
Symp. 7. Demonstrates
that protein binding
protects DNA from
enzymatic digestion

v
1978

Galas and Schmitz,
Demonstration of enzymatic
footprinting (using DNAase).
Nucleic Acids Research 1978,
v5, 3157.
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1998

Sclavi et al, Established msec
synchrotron-based hydroxyl
radical footprinting
Science 1998, 279, 1940.

1999
Maleknia et al, Millisecond
radiolytic modification of
peptides by synchrotron X-rays
identified by mass
spectrometry, Analytic Chem.
1999, 71, 8965.
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XFP Tackles Progressively More Challenging Projects
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2000

2003
Kiselar et al, Ca
dependent changes in
Gelsolin, PNAS 2003.

2006
Adilakshmi et al, In-
vivo footprinting
NAR 2006, 104, 7910.
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2008
Bohon et al, ATP-
dependent structural
changes in a protease,
Structure 2008, 16, 1157.
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Kamal et al, Actin-cofilin 2009
interaction (cell motility, Angel' et -’jll,
division, morphology) Photoactlvatl.on of
PNAS 2007, 104, 7910. Rhodopsin
: PNAS 2009, 106 14367.
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2012
Gupta et al, Location
and dynamics of protein
waters
PNAS 2012. 109 14882

2008
Adilakshmi et al, Time-
resolved XFP on
ribosome assembly
Nature 2008, 455, 1268.

TN 2013
™ o Clatterbuck et al, Advances
¥ y in in-vivo XFP
: Mol Cell 2013, 52, 506.
2010 2014
Wang et al, Gupta et al, Transporter
Glycosylated GP120 gating mechanism
Biochem 2010, 49 9032. Nature 2014, 512(7512), 101.
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OTHER CONSIDERATIONS

« X-RAY RADIOLYSIS OF WATER — WHAT HAPPENS?
« FACTORS THAT REDUCE FOOTPRINTING YIELDS
« VARIATION IN REACTIVITY OF PEPTIDES
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X-RAY RADIOLYSIS OF WATER

+ Water radiolysis & primary radical products + Secondary radical product
‘\/ H,0 \ A €q T€q = Hy+20H
0
O 4+ = o
Hzo* H20+ + e_dry 1016 s -GC—J' €aq ++ OH=0H
| n,0 < ea + H:0"=He + H,0
-}
«OH+H;0+  107s % €aq + 0y =405
(@)]
He + «OH  H, + Oe 10%s | 2 He + He = H,
2
5 He + O; =+HO;
zZ

Formation of molecular products in the spurs

and diffusion of radical out of the spurs v «OH ++ OH = H,0,
l * OH + H* = H,0
€ ,q » He, *OH, H,, H,0,, H,0* 107 s" H;0"+ OH =H,0

*  OH reacts within 1 to 5 molecular diameters of the site of formation*

Gupta et. al. JSR. 2014. 21(Pt 4):690-9 / Pryor WA. A. R. Physiol. 1988. 48, 657-667 / Buxton et al. JPC Ref. D. 1988. 17-34
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REACTIONS THAT REDUCE FOOTPRINTING YIELDS

. . Protein
Radiolysis of bulk H,0

\ Kiree = 102-1010 M1 s-1

Radiolysis of bound H,0

Spur
HO*  —> e,
eOH O
2
k= 105100 M- s \Hiff“sm‘

Loss of

x-ray Diffusion

dose : k=101 M &1 \ Direct protein

Scavengl‘rV Recombination ionization
i 002

Secondary damage

k=100 M- -

Gupta et. al. JSR. 2014 Jul;21(Pt 4):690-9
 Life time of OH in aqueous solution is < ms

* XF measures steady state reactivity, High flux density = High steady state [*OH

PHYSICAL BIOSCIENCES DIVISION LBNL



QW0

VARIATION IN REACTIONS BY RESIDUE

g g L3 g
N N N N
- *OH - O, - -~
; OH
| H 00"}y 1
Phe HOOe +18 Da

FII 0 'ﬂ 0 lll 'ﬁ 0 'ﬁ 0
e
/N *OH N 0, \q‘\ /N /N
¥~—) ¥% /O\H or
S

Met or +16 Da +18 Da

* Reactivity varies by residue
* Dissolved oxygen is necessary for XF

— A *  Experiment in H,®0 will include stoichiometric labeling
frreeeer ’m B -
Gupta et. al. PNAS 2012. 109(37):14882-7
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ALL THE THINGS I DIDN’T COVER

« BUFFER “CALIBRATION” — OPTIMIZING THE X-RAY DOSE
« CONSIDERATIONS FOR MIXING EXPERIMENTS

« EXAMINATION OF UNFOLDING BY RESIDUE

« PROCESS DEVELOPMENT POSSIBILITIES IN INDUSTRY

« USE IN DRUG DISCOVERY PROCESSES
« COMPLEMENTARY TECHNIQUES
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