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NMR spectroscopy and X-ray crystallography are premium 
techniques for determining the atomic structures of macro-bimolecular 
complexes. Each method has unique strengths and weaknesses. 
While the two strategies are noticeably complementary, they have 
generally been used separately to address the structure and functions 
of bimolecular complexes. In this review, we emphasize that the 
combination of NMR spectroscopy and X-ray crystallography gives 
unique electricity for elucidating the structures of complicated protein 
assemblies [1]. We demonstrate, using several current examples from 
our own laboratory, that the exquisite sensitivity of NMR spectroscopy 
in detecting the conformational properties of individual atoms in 
proteins and their complexes, without any earlier knowledge of 
conformation, is highly valuable for obtaining the high best crystals 
vital for shape determination through X-ray crystallography [1-3]. Thus 
NMR spectroscopy, further to answering many particular structural 
biology questions that may be addressed in particular through that 
method, may be exceedingly effective in modern structural biology 
while mixed with different strategies including X-ray crystallography 
and cry-electron microscopy [4].

Single crystal X-ray diffraction

X-ray crystallography uses X-ray to decide the position and 
arrangement of atoms in a crystal. The maximum classical method 
of X-ray crystallography is unmarried crystal X-ray diffraction, 
in which crystal atoms cause the incident X-ray beam to produce 
scattered beams [5] . When the scattered beams land at the detector, 
those beams produce a speckle diffraction pattern. As the crystal is 
gradually rotated, the angle and depth of these diffracted beams may 
be measured, after which a 3-dimensional image of the electron density 
in the crystal is generated. Based in this electron density, the average 
function of atoms in the crystal, chemical bonds, crystal barriers, and 
numerous information may be determined. For a unmarried crystal 
with sufficient purity, homogeneity and regularity, the X-ray diffraction 
facts can decide the average chemical bond perspective and period to 
within some tenths of a degree and to within some thousandths of an 
angstrom, respectively.

Procedures

The process of single crystal X-ray diffraction technique may be more 
or less divided into 4 steps. The first step is to reap top notch unmarried 
crystals of the goal protein, that is called protein crystallization. When 
the answer of the solubilized protein reaches super saturation, it 
promotes protein aggregation and nucleation. Ultimately, individual 
protein molecules arrange themselves in a repeating collection of unit 
cells through adopting a uniform orientation. Qualified crystals want 
to be of enough size (usually large than 50 μm in all dimension) and 
best (everyday structure, no cracks or twins) [4]. Obtaining unmarried 
crystals of top notch is the limiting step to solve a structure with this 
method. After obtaining a single crystal, a diffraction experiment 
is required. The crystal is immobilized in an intense X-ray beam, 
producing a diffraction pattern, which is recorded because the 
diffraction facts (perspective and depth of the diffracted X-rays). As the 
crystal is gradually rotated, the previous reflections disappear and new 
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reflections emerge. The diffraction intensity at each spot is recorded 
from each path of the crystal.

Nuclear magnetic resonance

The second approach is nuclear magnetic resonance (NMR). 
Nuclei are charged, rapid spinning particles, which are much like outer 
electrons. The gyromagnetic ratios of various atomic nuclei are unique 
and consequently have unique resonance frequencies. The movement 
of the nucleus is not isolated--it interacts with the encircling atoms 
both intra- and inter-molecularly. Therefore, via nuclear magnetic 
resonance spectroscopy, structural information of a given molecule 
may be obtained [5]. Taking protein as an example, its secondary 
structure, such as α-helix, β-sheet, turn, circular, and curl, reflects the 
unique association of the primary chain atoms of protein molecules 
three-dimensionally. The spacing of the atomic nuclei in different 
secondary domains, the interaction among nuclei and the dynamic 
traits of polypeptide segments all directly replicate the 3-dimensional 
shape of proteins. These nuclear features all contribute to spectroscopic 
behaviours of the analysed pattern, thus presenting function NMR 
alerts. Interpretation of those alerts by computer-aided methods results 
in deciphering of the three-dimensional shape.

Procedures

There are 4 main steps in an NMR experiment: pattern preparation, 
facts acquisition, spectral processing, and structural evaluation. NMR 
evaluation is carried out on aqueous samples of protein with excessive 
purity, excessive stability, and excessive concentration. A pattern volume 
ranging from 300 to six hundred μL with a awareness range of 0.1-three 
mM. The use of strong isotopes 15N, 13C and 2H for protein labelling 
can successfully boom sign depth and decision [1-4]. Selective labelling 
of sure amino acids or chemical agencies of proteins can greatly lessen 
signal overlap. Multidimensional NMR experiments are utilized to 
acquire information about the protein. The spectral processing is then 
performed to determine the atoms of the protein corresponding to 
every spectral top on unique NMR spectra. Finally, a chain of spatially 
structured statistics such as NOE and J coupling constants are used 
to calculate the spatial shape using distance geometric or molecular 
dynamics methods.

Advantages of X-ray crystallography include:

•	 X-Ray crystallography provides a -dimensional view that gives 
an illustration of the three-dimensional shape of a material



Citation: Papanikolaou NA (2022) Advantages and Procedures of NMR Spectroscopy and X-Ray Crystallography. J Biotechnol Biomater, 5: 144.

Page 2 of 2

Volume 5 • Issue 1 • 1000144J Biochem Cell Biol, an open access journal

•	 Relatively cheap and simple

•	 Useful for big structures: Not limited through length or atomic 
weight.

•	 Can yield high atomic resolution.

•	 Advantages of NMR spectroscopy include:

•	 Dynamic method

•	 Non-destructive and non-invasive

•	 Three-dimensional systems in their herbal state may be measured 
directly in solution

•	 Can offer unique insights into dynamics and intermolecular 
interactions.

•	 Macromolecular three-dimensional shape decision can be as low 
as sub nanometre.
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