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Electron Paramagnetic Resonance Spectroscopy
Biological Applications
B G Hegde
Recently, electron paramagnetic resonance (EPR) spectroscopy has emerged as a powerful tool to study the structure
and dynamics of biological macromolecules such as proteins,
protein aggregates, RNA and DNA. It is used in combination
with molecular modelling to study complex systems such as
soluble proteins, membrane proteins and protein aggregates
like amyloid fibrils and oligomers. This article describes how
the EPR technique can be used to elucidate the structural
reorganization taking place in a membrane-bound protein by
taking a few examples from the literature including some of
the earlier works of the author.
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Introduction

peptide membrane
interaction studies using

DNA encodes the information of life but proteins form the
primary workforce that carry out the dynamic processes of life,
including cellular maintenance, immunity and reproduction. The
linear sequence of amino acids in a protein determines how the
protein folds into a functional three-dimensional entity. To understand the function of a particular protein involved in various
cellular events, it is imperative to understand its three-dimensional structure. It is estimated that ~40% of proteins in humans
are comprised of membrane proteins and more than 50% of
medicinal drugs are targetted at them. It is, therefore, quite
essential to understand their structure. Membrane-bound proteins
are generally not amenable to crystallization and often their sizes
are so large that conventional techniques such as X-ray crystallography and nuclear magnetic resonance (NMR) spectroscopy
will have limited applications in deciphering their structure. In
case of EPR spectroscopy, the spin probe used is sensitive to its
local environment and is successfully used to study those systems
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that are difficult to study with X-ray crystallography and NMR
techniques.
EPR Investigations

Figure 1. (A) Nitroxide spin
label, (1-oxy-2,2,5,5-tetra
methyl-pyrroline-3-methyl)me th an eth io su lfo n a te
(MTSL) which reacts with a
sulfhydryl group of cysteine
residue resulting in the sidechain R1. The unpaired electron is in the N–O bond.
(B) Energy level scheme for
the splitting of energy levels.
Three spin species A, B and
C undergo resonance at frequencies Q1, Q2, andQ3.
(C) Three-line EPR spectrum
is observed due to hyperfine
interaction (nuclear spin I = 1
for N and 0 for O) for nitroxide
radical (side-chain R1), scan
width 150 Gauss.
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EPR specifically detects the properties of unpaired electrons such
as free radicals, transition metal ions, biradicals, triplet-state
systems and point defects in solids. However, there are no unpaired electrons in proteins. Thus, in order to apply EPR to study
the structural properties of proteins, an unpaired electron in the
form of a free radical is incorporated via site-directed spin
labeling (SDSL) technique. SDSL, in conjunction with EPR, can
be used to study the structure and dynamics of soluble as well as
membrane proteins of any size under physiological conditions.
Site-Directed Spin Labeling (SDSL)
The basic strategy of SDSL is the introduction of the paramagnetic species (spin label) as the side-chain of a protein. Typically,
the spin label is attached to the cysteine residue in a protein via a
disulphide, S–S, bond. A commonly-used spin label is the nitroxide
radical, which reacts with a sulfhydryl group of a cysteine residue
resulting in the side-chain R1 as shown in Figure 1A. The single
unpaired electron, with the spin Ms = ± ½, in the N–O bond
interacts with the nitrogen atom having nuclear spin I = 1 (oxygen
nuclear spin I = 0). The resulting hyperfine interaction splits each
electron energy level into three. (If the nuclear spin is I, there are
2I + 1 energy levels corresponding to each value of Ms). Thus,
there are six spin states. By virtue of the selection rules, 'Ms = ±1
and 'MI = 0, there are three allowed EPR transitions among these
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states as shown in Figure 1B. The first derivative X-band continuous wave (CW) EPR spectrum of the diluted nitroxide spin
label, MTSL, in water is shown in Figure 1C. The side-chain R1
has rapid internal motion due to bond rotations (rotational correlation time,W |1 ns); as a result, an EPR spectrum with three sharp
lines with isotropic hyperfine separation is observed.
The EPR spectrum of the side-chain R1 in a protein is very
sensitive to its environment. The EPR data obtained contains
information about its mobility, accessibility to hydrophobic or
hydrophilic regions and inter/intra molecular distances. With the
information obtained from these measurements and with the help
of molecular modelling, a three-dimensional structure can be
obtained. In the following sections, a brief account of these
techniques are described which are applied to understand the
structural changes of a protein upon membrane interaction.

The side-chain R1
is the reaction
product of cysteine
with nitroxide spin
label, (1-oxy2,2,5,5-tetra
methyl-pyrroline-3methyl)-methanethiosulfonate
(MTSL).

Side-Chain Mobility Studies
The mobility of the side-chain R1 in a protein is directly reflected
in the line-shape of the EPR spectrum [1, 2]. In a highly mobile
region, it gives sharp, narrowly spaced EPR lines, while a site
with low mobility gives broad peaks. In a protein, the side-chain
R1 mobility is governed by the motional restrictions imposed by
neighbouring amino acid residues and the backbone motion as
illustrated by its line-shapes in Figure 2. The rotational motion of

Figure 2. Typical EPR spectra of side-chain R1 at various positions in a protein.
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The accessibility
method is based on
the differential
accessibility of the
lipid-exposed R1
side-chains to
colliders of different
polarity such as O2
or NiEDDA.

the side-chain R1 in the unstructured loop region is largely
unhindered and, together with significant backbone motion, this
leads to an EPR spectrum with three sharp lines (shown in green
in Figure 2). The EPR spectrum of a labeled site on a helical
surface shows slight immobility due to interaction with mainchain atoms (shown in yellow). Enhanced immobilization is seen
when the spin label side-chain R1 is in the region of tertiary
contact (shown as blue) and is completely hindered in the buried
region which is reflected in the rigid spectrum (shown as red).
Thus, by scanning through consecutive sites of singly-labeled
side-chains and identifying the periodicity in the mobility of the
side-chain R1 (mobility scan), the secondary structure of a protein of any size can be identified [2, 3].
Accessibility by Power Saturation Method
The lines in the EPR spectrum of a nitroxide radical are due to the
transition of electrons among six energy levels as described
earlier. The transitions are governed by spin–lattice relaxation
and line intensities are proportional to the spin population in each
state A, B and C (Figure 1B). Normally, the intensity of the
central line, corresponding to 'MI = 0 transition is measured
during accessibility measurements. The EPR line intensity increases as the incident microwave energy is increased in the low
power regime as more and more electrons are excited to higher
energy state. However, signal intensity saturates as the upper and
lower energy levels are starting to become equally populated.
When the sample is mixed with paramagnetic colliders like O2
and Ni(II) ethylenediamine-diacetic acid (NiEDDA), which decrease the spin–lattice relaxation time of the spin label, the spin
species in the excited state lose energy by collision and relax back
to the ground state. As a result, the power required to saturate the
EPR lines is greater than that in the absence of the paramagnetic
colliders. This technique, called power saturation method/collision gradient method [4], is exploited in determining the exposure of side-chain R1 to aqueous or membrane environment and
hence the structure of membrane bound protein can be elucidated.
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O2, for example, which is a nonpolar molecule, preferentially
partitions into a hydrophobic membrane bilayer and relaxes spin
labels exposed to the membrane interior, whereas, the polar
NiEDDA preferentially partitions into the hydrophilic aqueous
environment and relaxes spin labels which are solvent-exposed
[2,3]. As a consequence, for lipid-exposed spin labeled residues,
the power required to saturate the EPR line in the presence of O2
(called accessibility parameter, 3Ox) is typically more than that in
the presence of NiEDDA (accessibility parameter, 3NiEDDA). The
opposite is true for the solvent-exposed sites, i.e., 3NiEDDA > 3Ox.
The relation between 3Ox and 3NiEDDA is given by the depth
parameter, ) = ln (3Ox/3NiEDDA). Through calibration with spin
labeled lipids, it is typically found that the depth parameter, ), is
positive for lipid-exposed sites and negative for solvent-exposed
sites [5]. Thus, the topography of the membrane associated region
of the protein can be determined by successively replacing the
native residue with spin labeled cysteine one at a time and
performing the ) scan. The periodicity of the depth parameter, ),
contains the secondary structural information as described below.

EPR accessibility
parameters provide
a sensitive and
reliable method for
determining the
depth of insertion of
R1 into membranes.

Distance Determination by Measuring Dipolar Interaction
Distance measurement among different residues or domains is an
integral part of the structure determination of proteins by sitedirected spin labeling. By monitoring the distances between two
residues during protein–protein, protein–membrane or protein–
DNA interactions, one can study the conformational changes
taking place during these interactions which helps in understanding its functioning. A range of distances from 8Å to 60Å in
proteins can be determined by using combination of both CW
EPR and pulse EPR as described below.
When two spin labels are close to one another in a frozen state, the
interactions between spins leads to dipole–dipole coupling which
is inversely proportional to the cube of distance [6]. This leads to
the broadening of CW EPR spectra. The distance between two
spin labels can be estimated by measuring the degree of this
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The magnetic dipolar
interactions between
two spin labels
incorporated into a
protein can be
analyzed in terms of
inter-spin distances.
Detailed 3D structural
models of protein at
the level of backbone
fold can be obtained
with sufficient
distance constraints,
mobility and
accessibility data.
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Box 1. The DEER Experiment
The DEER experiment is based on the excitation of two different spectral positions in the EPR spectrum.
This can be achieved by two microwave sources of different frequencies. At the spectral position Q 1, an
electron spin echo signal with fixed evolution time, W is detected.
During the evolution time, an inversion microwave pulse at the second spectral position Q 2 is irradiated and
incremented in time. Due to the dipolar coupling of the electron spins, an echo amplitude modulation
evolves, from which the distance of the coupled electron-spins can be derived.

broadening [6, 7]. However, when the distance is larger than 20Å,
the dipole–dipole coupling is too small to be resolved [8]. As a
result, only distances of upto 20Å in proteins can be determined
by the CW EPR method.
The four pulse double electron–electron resonance (DEER) technique, as the name itself suggests, is a pulse-EPR method [9], and
is used for long-range distance measurements (Box 1). In this
technique, two spin populations A and B with resonant frequencies Q1 and Q2 (Figure 1B) from doubly spin-labeled species are
excited. As shown in Figure 3A, a three pulse sequence is applied
to spin system A at frequency Q1 (called observer frequency, Qobs),
which leads to a spin echo. The dipolar interactions between the
two spin species A and B are studied by exciting spin B with a
fourth S pulse at frequency Q2 (called pump frequency, Qpump)
between two S pulses of frequency Qobs at variable time. Due to the
proximity of spin B with A, the flipping of spin B by S pulse as a
function of time induces a change in the local magnetic field at A
and the resulting spin echo amplitude modulates with a dipolar
frequency Zdip, which is distance dependent. This dipolar frequency is given by:

Zdip = (PB2 gAgB/ r3AB) ,
where PB is the Bohr magneton, gA and gB are g factors of spins A
and B and rAB is the distance between them [9]. This time
evolution of the modulated spin echo intensity is Fourier transformed to get distance information as shown in Figure 3B.
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Figure 3.
(A) Pulse sequence for the
four pulse double electron
electron resonance (DEER).
(B) Distances are obtained
by monitoring the time evolution of spin echo intensity.
The modulation frequency of
the resulting signal is a direct
measurement of inter-residue
distances [9].

Application of CW and Pulse EPR Techniques
Lipid Bilayer
The lipid bilayer is a structural component of the cell that isolates
the cell from the extracellular environment and organelles within
the cell. It is made up of many phospholipids that are aligned
together. A phospholipid is made up of a hydrophilic head group
region and a hydrophobic tail. In presence of water, the phospholipids organize themselves into a bilayer to hide their hydrophobic tail regions and expose the hydrophilic regions to water. By
repeated freeze-thawing, the phospholipid bilayers can be made
into large vesicles/liposomes of a few nanometers to micrometers in size. In the following study, synthetic phospholipid
vesicles/liposomes are used to mimic the biological membrane.

Figure 4. Typical cell structure showing highly curved
organelles.

Conformational Change upon Membrane Binding
Biological membranes are subject to constant remodelling,
and control over the membrane’s shape and curvature is
essential for many vital cellular functions such as cell division,
organelle formation, endocytosis and vesicular trafficking. All
of these processes are regulated by proteins. In addition,
organelles like the endoplasmic reticulum (ER), endosomes
and the Golgi apparatus are highly curved (Figure 4). Recent
work has demonstrated that these processes appear to be
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Figure 5. The crystal structure of endophilin A1 (PDB ID
code 2C08) dimer (subunits
are coloured yellow or blue).
The N-termini and insert region are schematically illustrated as cylinders to indicate
their ability to become helical
upon membrane binding [15].

governed by proteins that can sense and induce membrane curvature [10, 11] and the molecular mechanisms through which these
proteins act have generated considerable interest.
1

The BAR domain got its name

from the conserved N-terminal
region of bin, amphiphysin and
Rvs161/167 dimeric proteins.
The endophilin A1 belongs to
this family of proteins. Other
members of this f amily are
amphiphysin, pacsin, F BAR and
N BAR, to name a few. The BAR
domain in endophilin A1 is known
to be responsible for membrane
binding and tubulation of membranes. This tubulation is due,
at least in part, to the banana
shape of the domain (Figure 4),
which binds to membranes via
its concave surface.

The crystal structures
of the BAR domains
of endophilin A1
adopt curved,
banana-shaped
dimers.
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Endophilin A1 is a BAR1 (bin/amphiphysin/rvs) [12] domain
protein enriched at synapses and is implicated in synaptic vesicle
endocytosis. It induces curvature and generates highly curved
vesicles and tubules in large liposomes [13–15]. The crystal
structures of the BAR domains of endophilin A1 adopt curved,
banana-shaped dimers, as shown in Figure 5.
The shapes of these dimers are complementary to those of the
curved membranes with which the proteins interact. The concave
surfaces of the dimers also have a high density of positively
charged residues that are likely to interact favourably with negatively charged membrane head group. Thus, the concave surface
of the BAR domain plays an important role in membrane curvature generation and might act as a rigid, positively charged
scaffold. Additional regions outside the BAR domain also play
important roles in membrane curvature induction. These regions
are unstructured in solution and are not resolved in crystal structures. Based on the studies carried out by Langen’s group [13–
15], a detailed account of how EPR can be used to understand the
conformational changes in endophilin A1 upon membrane binding is discussed in the following sections.
Experimental Procedures
Preparation of Spin-labeled Endophilin A1 Derivatives
The native cysteine in the endophilin A1 (C108S) is replaced by
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serine and single cysteine residue is introduced one at a time in
the N-terminus region (from residue number 2 to 16) and in the
insert region (63 to 80) by site-directed mutagenesis. The mutated
endophilin A1 was expressed and purified by standard procedure
[13]. The single mutants are reacted with 5 times molar excess of
the spin label MTSL, (1-oxy-2,2,5,5-tetramethyl-d-pyrroline-3methyl)-ethanethiosulfonate, which generated the spin labeled
side-chain R1. Unreacted spin label is separated using PD10 gel
filtration columns.
Preparation of Lipid Membrane, Vesicles and Tubules
For lipid-vesicle interaction assay, Folch fraction I, (Type I),
lipids were dissolved in chloroform and dried with nitrogen gas.
The lipid film was re-suspended in Hepes, pH 7.4, 150 PM NaCl
buffer, was freeze-thawed, treated to brief bath sonication and
extruded through 400nm pore filters to form vesicles of ~400nm
size. Mixing of 1.4 mg/ml lipid with 4PM protein resulted in the
formation of highly curved vesicles of ~23nm size [13,14].
Membranes for generating tubules were prepared using vesicles
composed of 1,2-dioleoyl-sn-glycero-3-(phospho-rac-(1-glycerol)) sodium salt (DOPG) and 1,2-dioleoyl-sn-glycero-3phosphoethanolamine (DOPE) lipids. The chloroform-dissolved
DOPG and DOPE lipids were mixed in 2:1 mass ratio and dried
by a constant stream of N2. The lipid film was then resuspended
in 20 mM Hepes, pH 7.4 buffer to a final concentration of 4mg/
mL and freeze-thawed several times. Each sample was prepared
with 100 Pg of lipid mixture and 50 Pg of spin labelled protein in
~50 PL total volume (1:70 protein:lipid molar ratio) and allowed
to react for 20 min at room temperature. Homogeneous tubes with
an average diameter of 35 nm and a typical length of 10
Pm were formed as shown in Figure 6 [15]. The tubes
with protein bound to them were separated from the
unbound proteins by centrifugation. The pellet containing tubes with bound protein was re-suspended in 6 PL of
buffer (20 mM Hepes, pH 7.4, 150 mM NaCl) for EPR
measurements.
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Figure 6. Electron micrograph of tubules formed by
mixing endophilin A1 and synthetic lipid membrane
DOPG:DOPE. The average
size of 35 nm in diameter and
10 µm length tubules were
formed.
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CW EPR Spectra and Power Saturation Experiments

2

The N-terminus (also known

as the amino-terminus) refers
to the start of a protein or a
polypeptide terminated by an
amino acid with a free amine
group (-NH 2). By convention,
peptide sequences are written
N-terminus to C-terminus.
Courtesy: https://en.wikipedia.
org/wiki/N-terminus

CW EPR spectra were recorded for singly-labeled protein both in
N-terminus2 (residues 2–16) and central helix regions (residues
63–80) bound to membrane vesicles/tubules as well as proteins in
solution form. Spectra were recorded using BRUKER EMX Xband spectrometer fitted with cylindrical cavity (ER4119HS)
resonator at 12 mW incident microwave power. Power saturation
experiments were carried out using BRUKER EMX X-band
spectrometer fitted with a dielectric resonator to determine the
accessibility parameter ) as described earlier. The EPR spectra
were recorded at different microwave powers from 0.1 mW to
100 mW in the presence of paramagnetic colliders O2 and NiEDDA
separately. During NiEDDA, the scan samples were flushed with
nitrogen gas to avoid any presence of O2.
Pulse EPR and Distance Analysis

Figure 7. CW EPR spectra
of spin labeled N-terminal region at selected sites of
endophilin A1 in solution form
(black trace) and upon binding to tubules (red trace).

The vesicle and tubule pellets of central insert region mutants
were resuspended in buffer, and 20–25% sucrose was used as
cryoprotectant before loading into quartz capillaries. Samples
were flash frozen, and data were acquired at 78K. Four pulse
double electron electron resonance (DEER) experiments were
performed using a BRUKER ELEXSYS E580 X-band pulse EPR
spectrometer fitted with a 3 mm split ring (MS-3) resonator, a
continuous flow helium cryostat (CF935; Oxford Instruments),
and a temperature controller (ITC503S; Oxford Instruments).
Data were fit using Gaussian distributions, as implemented in the
DEERAnalysis 2008 package [16]. Now let us discuss the results
of some illustrative experiments.
Helical N-Terminal Inserts into Lipid Head Group Region
The CW EPR spectra of spin labeled N-terminal region at selected sites of endophilin A1 are shown in Figure 7. In solution,
they are very sharp (black trace) and upon membrane binding, the
lines are broadened (red trace). These data show that this Nterminal region is disordered in solution and becomes ordered
upon membrane binding. The secondary structure of this region
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and depth of the spin label in the lipid bilayer can be detected by
measuring depth parameter ) using a collision gradient method
as described earlier [13–15].
The accessibility of each spin-labeled site to oxygen, 3Ox (which
preferentially partitions into membranes) and to NiEDDA, 3NiEDDA
(preferentially partitions into solution) is plotted against residue
numbers in Figure 8A. It exhibits a periodicity of 3–4 amino acids
and differs by 180o phase, consistent with the formation of a
continuous D-helical structure [1]. Such behaviour is typical of
asymmetrically solvated D-helices in which one face is exposed
to the membrane where the accessibility to O2 is high; in contrast,
residues on the opposing face are solvent-exposed and as a result
more accessible to the hydrophilic NiEDDA. The resulting )
plot against residue numbers shows a periodicity of 3.6 amino
acids per turn which is consistent with the formation of D-helix.
When these residues are plotted on a helical wheel as shown in
Figure 8B, membrane-exposed residues corresponding to local
maxima of ) cluster on one side of the helical wheel, whereas
solvent-exposed sites with local minima of ) lie on the opposite
face. The value of ) can be converted into depth by calibration
using spin labelled lipids. From the depth calibration data, it is
found that the helix is at the level of phosphate head group as
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Figure 8. (A)The periodic
oscillation of 3 Ox and 3 NiEDDA
with a phase difference of
180o and that of ) with a
periodicity of 3.6 amino acids
per turn is indicative of a helical structure. (B) Helical
wheel representation showing hydrophobic and charged
faces.
(C) Model of the amphipathic
helix residues 1–16 inserting
at the level of head group
[13].
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Figure 9.
(A)

EPR

spec tra

of

rep resen tative sites in
central helix region. Black
trace is in solution form
an d red is membrane
bound. Scan width 150 G.
(B) Depth parameter )
plotted as a function of
residue number shows a
periodicity of 3.6 amino
acids per turn.
(C) Membrane-exposed
sites fall onto one face of a
helical wheel, whereas the
solvent-exposed sites fall
onto the opposite face of a
helical wheel [13, 14].

shown in the Figure 8C [13]. Results obtained from tubule bound
N-terminal mutants show that N- terminal region undergoes a
similar structural change from a random coil to the amphipathic
helix which inserts into the membrane 8–11Å below the phosphate head group [15].
Insert Region becomes Helical upon Membrane Interaction
Similar experiments were done to investigate whether the unstructured central insert region (residues from 64 to 80) in solution
undergoes any conformational changes upon binding to membrane. The results are summarised in Figure 9.
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Figure 9A shows the CW EPR spectra for selected sites in
solution form as well as in membrane-bound tube form. There are
significant changes between solution CW EPR spectra (black
trace) which are sharp, and membrane-bound broader spectra (red
trace). This indicates that the central insert region becomes more
ordered upon tube formation.
To determine secondary structure of this region, the measurement
of the depth parameter ) is performed using a collision gradient
method and the ) values display a periodicity indicative of an Dhelix as shown in Figure 9B and fit well onto a helical wheel; high
) values fall onto one surface and low ) values onto the opposite
surface (Figure 9C). After calibration, the depth of the spin
labeled sites suggests that the central helix inserts 5–8Å deep in
the membrane. Helices on tubules are in parallel orientation with
respect to head group with deeper immersion compared to tilted
orientation on vesicles.
Orientation of the Central Insert Helices
Once it is established that the central insert regions (residues from
64 to 80) in dimeric endophilin A1 become helical upon membrane- binding, the question of the orientation of these helices
with respect to each other and with the BAR domain remains.
This is investigated by measuring inter-helical distances between
the same sites in each helix using DEER experiments.

Figure 10. Anti-parallel orientation of the central helices
upon membrane binding.

There are two insert regions which are in close proximity to one
another in dimeric endophilin A1 as shown in Figure 5. As a
result, any one residue with spin label R1 in one insert region will
have a counterpart in the other which leads to dipole–dipole
interaction. Thus, the orientation of the central helices can be
determined by measuring the distance between the same sites on
each helix as described below.
As shown in Table 1, the distances between the same sites from
two helices generally increase with increasing residue number,
indicating that the helices must be facing away from each other.
This is illustrated in Figure 10 where the distances among lipid-
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Table 1. Intra-molecular distances between same sites
in the insert region of membrane-bound endophilin A1.

Spin Labelled

Distance on

Distance on

Mutant

Vesicles in Å

Tubesin Å

63R1
64R1

9 (CW Expt)
18

23

65R1
66R1

24
19

24
21

67R1
70R1

23
28

24
30

71R1
73R1

37
41

-

74R1
75R1

44
42

46

77R1
83R1

49
44

-

exposed sites 63R1, 66R1, and 70R1, which are facing the same
direction towards the membrane, are analysed. As shown in Table 1,
the distance for 63R1 is ~9Å, it increases by about 10Å for each
helical turn, which is in good agreement with anti-parallel helices
because an individual helix is extended by ~5Å/turn [13].
Combining both the power saturation results and distance analysis one can conclude that the central insert region (residue 62–75)
becomes helical and inserts 5–8Å deep in the membrane in antiparallel orientation (Figure 10).
The example illustrates how, using SDSL and EPR spectroscopy,
the endophilin A1 N-terminus undergoes a structural reorganization from an unfolded state in solution to an amphipathic helix
that inserts into the membrane. Similarly, the central region,
which is unstructured in solution, forms a helix upon membranebinding and inserts into the membrane. In vesicles, the helices are
at the phosphate head group level whereas in tubular condition
the helices insert deeply into the membrane. The inserted helices
are likely to act as molecular wedges that create strain in the outer
leaflet and thereby promote membrane curvature as depicted in
Figure 11.
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Figure 11. Schematic illustration of endophilin A1 binding large vesicles and forming small vesicles with N-terminal and central amphipathic helices inserting at the
level of head group and tubule formation by inserting
into deeper in the acyl chain
[15].

Conclusion
EPR spectroscopy in conjunction with the molecular biology
technique of site-directed spin labeling (SDSL) is applied to
study the conformational changes in a soluble protein upon
membrane interaction. This technique which emerged as a powerful tool to study the structure of biological macromolecules can
be used to study protein assemblies of any molecular weight;
thus, in principle all forms of protein aggregates. For example, in
protein misfolding study [17], for the first time, a complete 3-D
structural model of type II diabetes causing protein aggregate,
human islet amyloid polypeptide (hIAPP) fibrils is reported using
EPR data and molecular modelling. Considering the usefulness of
this technique, it has a great potential in Indian context.
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