Coherent 2D IR: Introduction to a Powerful New Structural
Spectroscopy and Application to Difficult Protein Systems

Chris Middleton, PhaseTech Spectroscopy

Data courtesy of Martin Zanni, University of
Wisconsin-Madison
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2D IR SPECTROSCOPY PHASETECH

Pump-Probe
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crosspeaks: interaction through-bond, through-space, or chemical exchange
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+ higher resolution than FT-IR FT-IR ~ ||J|2
2D IR ~ |ul*

+ more sensitive to secondary structure than FT-IR
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+ no reference/background samples needed solvent peak

disappears!!

+ sample volumes <1 uL
+ material as low as 1 ug + concentrations <50 uM

+ flexible sampling — transmission, reflection, ATR, etc.
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+ femtosecond (10-1°) time resolution

+ scatter removal

No scatter removal

Partial removal
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Full removal
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+ difficult samples — aggregates, membranes, tissues, etc.

+ scan a single spectrum in < 1 sec!

= study dynamic systems
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2D IR provides: 2D lineshapes = environment

Cross peaks = structure



Membrane-Bound Peptide

Transmembrane Protein

Transmembrane Channel
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STRUCTURE VIA LINEWIDTHS - HYDRATION AND DISORDER
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STRUCTURE VIA LINEWIDTHS - HYDRATION AND DISORDER PHASETECH
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Two Proposed Mechanisms for lon Transport

“Canonical” “New”
(MacKinnon, 2003 Nobel Prize) (Bert de Groot, Science, 2014)
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“Canonical” model is a nearly perfect match !!
Science (2016) 353, 1040




RAPID SCAN ACQUISITION ENABLES REAL-TIME KINETICS
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Single 2D IR spectra can be acquired with <1 sec (average as

needed)

Running averages can be used for real-time kinetics of 2D IR

features

Example: Structural dynamics during amyloid aggregation into fibers
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KINETICS OF AGGREGATION
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Labels exhibit different kinetic
timescales !?!?

Nucleation starts near the loop and
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Normalized Time propagates down the sheets.

PNAS, 2009



F23, G24, Ala25, L27 form a transient parallel beta-sheet !!
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Disordered B-strand Turn B-strand
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Can inhibit fiber formation by targeting intermediate !!



Cataracts are caused by aggregation of lens proteins (crystallins)

In vitro, many crystallins form amyloid fibers under
denaturing conditions.

Little-to-no evidence that human cataracts contain amyloid.

SEM/TEM imaging

Human cataract len OXYS strain of rats (causes
I\Hchael%. et a?%sig R?s.(zl& 4 (?008).S en hanced g I UcosSe transport)

Only published
examples that we can
find for evidence of
amyloid in lenses of
animals or humans.

S. Marsili
et al. Exp.
Eye Res.
79,5
(2004).




In Vitro crystallins: calibration
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Pig Tissue: Lenses dissected from pigs.

sectioned
25 um
thick

aB-crystallin
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1636 cm absorption. Similar shapes. No 1620 cm-! diagonal peaks nor
cross peaks. Thus, no amyloid.




Acid and UV treated lens tissue.
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Open (Low pH) Closed (High pH)
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single monolayer sensitivity high-throughput with
microfluidics
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FGAIL peptide on a model

.. Krummel
monolayer of anionic membrane

J. Phys. Chem. Lett., 2016, 7, 4865
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different structures have crosspeaks can reveal
different vibrational lifetimes hidden vibrations
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J. Phys. Chem. Lett. (2011) 2, 2357 J. Phys. Chem. B, 2009, 113, pp 8231
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2D IR Wide-Field Microscopy
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J. Phys. Chem. B (2013) 117, 15297
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Currently:

3-5 Years:

2DQuick IR

Sold systems around the world to academics.
Interested in learning about industrial applications,

exploratory projects.

Benchtop instrument ($100-200k)

phasetechspectroscopy.com
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