Interpreting and evaluating
biological NMR in the literature
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1D NMR spectra

Application of RF pulses of specified lengths and frequencies can make certain

nuclei detectable

We can selectively excite nuclei of interest.

Signals from all *H of some folded protein
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1D NMR spectra

Application of RF pulses of specified lengths and frequencies can make certain

nuclei detectable

We can selectively excite nuclei of interest.

Signals from all 'H of an unfolded protein

Significantly less dispersion in amide region
loss of unique chemical/structural environments
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SSP- Secondary structure prediction

CSI (chemical shift index) - establishes the secondary
structure of proteins based on chemical shift differences

with respect to some predefined “random coil” values. It
can be applied from the measured HA, CA, CB and CO
chemical shifts for each residue in a protein.
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References for figures in
Worksheet 1
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Structural basis for protein antiaggregation activity of the trigger factor chaperone.
Science. May 9;344(6184):1250494. doi: 10.1126/science.1250494.

Group 3: Stewart MD, Cole TR & Igumenova Tl (2014) Interfacial Partitioning of a

Loop Hinge Residue Contributes to Diacylglycerol Affinity of Conserved Region 1
Domains. J Biol Chem 289: 27653-27664

Group 4: Stewart MD. Klevit RE. Unpublished results.



Using NMR to answer biological
guestions



Group 1

* You have a well behaved 7 kDa independently
folded regulatory domain of a protein kinase.
This domain binds to a small molecule
activating the kinase. A single amino acid
mutation in this domain leads to over-
activation of the kinase and mis-regulation of
signaling. How would you use NMR to
investigate how the mutation affects binding
of the domain to the small molecule?



Timescales of binding in NMR
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Titration of a membrane bound second
messenger, diacylglycerol, into a signaling protein

Wild-type signaling protein
Fast exchange

Tighter binding mutant
slow exchange
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Titration of a membrane bound second
messenger, diacylglycerol, into a signaling protein

Wild-type signaling protein
Fast exchange

Tighter binding mutant
slow exchange

d S111 G124
(d) F114 o

W123
\, 1126
T11 -
L1223 S H127
C115 VU Q128



Group 2

* You have a well behaved 6 kDa protein that
exchanges between two conformations in
solution. You determine from a tH-°>N HSQC
that the populations of the two conformations
are equally populated in solution but you only
see one conformation of the protein in crystal
structures. You believe the un-crystalizable
conformation is the active conformation. How

can you gain structural information about the
active conformation?



Structural restraints: bond orientations
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c!_ipo[ar couplings (RDCs)

Intrinsic anisotropy

External liquid crystalline
medium (sterics and/or charge)

Bicelles
Phage
Polyacrylamide gels

C,,Es PEG + hexanol



Structural restraints: RDCs

Measured for a pair of covalently-linked NMR-active
nuclei in partially aligned molecules

Examples: " N-1H, 13C -~15N,13CO-"N RDCs

RDCs depend on the orientation of the bond vector
relative to the molecular alignment frame
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Limited data refinement example from a zinc
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Limited data refinement example from a zinc
coordinating kinase regulatory domain

Calculated RDCs (Hz)

Calculated RDCs (Hz)
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Group 3

* You have a well behaved 15 kDa protein that exchanges
between two conformations in solution depending on
the pH. This switch helps the protein serve as a pH
sensor that is activated in cellular stress. Because the
conformational change occurs close to physiological
pH, you suspect that the switch that controls the
conformational change is the protonation of a histidine
sidechain. How do you use NMR to determine which
residue acts as the conformational switch and which
parts of the protein are affected by the conformational
exchange?



pH dependent conformational exchange

Protonation = fast

Conformational
exchanage = slow
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Fractional Population

Protonation/ De-protonation drives the
conformational exchange process
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Group 4

* You have an 80 kDa protein that is well folded
and soluble. This protein is activated by
nucleotide binding, but recently a small
molecule has been found that mimics this
activation. You have a crystal structure of a
homologous protein bound to nucleotide, but
you cannot get your protein to crystallize with
the small molecule. How can you use NMR to
determine if the small molecule binds to the
same site as the nucleotide?



Studying ligand binding in a large
unassigned protein

Voltage gated K* channel
(HCN2)

Heart - pace making
Brain - chronic pain

Two activating ligands

Carlson et
al. (2013)
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Carbon chemical shift (PPM)
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Assignment by mutagenesis
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Extra Example: Solid-state NMR

Magic Angle Spinning (MAS) Isolated spin

Bo
magic" angle 54.70 Spinning Speed = 0

rotor
RF coil \

i,

RO

Spinning Speed >> O




Solid-state NMR: advantages

 |sotropic-like NMR
spectra with site
resolution

* No solubllity problem

« No “tumbling time”
problem

U-13C,15N-enriched protein

mg Spinning Speed = 0

anisotropic spectrum
crowded resonances

) th

isotropic spectrum
may be possible to resolve, Spinning Speed >> 0
especially in 2-, 3-, or 4D




Kaliotoxin-K* channel interactions
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« The chemical shifts of kaliotoxin are perturbed as a
result of binding to K* channel.

Lange et al, Nature (2006), 440, 959-962



Kaliotoxin-K* channel interactions

Solid-state Residues whose chemical shifts are
structure of perturbed as a result of binding are
kaliotoxin bound colored red.

to K* channel
Lange et al, Nature (2006), 440, 959-962



Kaliotoxin-K* channel interactions:
looking at K* channel

66

70 60 50 40 30 20 184 180 176
13C (wy, p.p-m.) 13C (wy, p.p-m.)

« Perturbed and unperturbed \-é‘
residues of K* channel are
shown in red and blue,

respectively.

Lange et al, Nature (2006), 440, 959-962



Structural model of kaliotoxin-K+
channel

* High-affinity binding of
kaliotoxin is accompanied
by an insertion of K27 De4
side-chain into the
selectivity filter of the

kaliotoxin

channel;
* The binding is associated
with conformational
changes in both
molecules. K* channel

selectivity filter

Lange et al, Nature (2006), 440, 959-962



