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Nanotechnology for Structural Proteomics
Nanotechnology, fundamental in achieving the previously described progress in X-ray free electron lasers and synchrotron
radiation. is essential in yielding significant progress in the resolution of the crystallization problems and of protein
crystallography by cell free expression nanoarrays, polymers, enzymes, nanoconductimetry, mass spectrometry, APA and Monte
Carlo Simulation, and by the development of highly ordered 2D and 3D protein LB templates. Particularly relevant to the
resolution of pending dramatic problems of humanity are also the advances in Solar Energy and Molecular Bioelectronics
induced by Nanotechnology applications to Structural Proteomics.
Claudio Nicolini, President Fondazione ELBA Nicolini and NanoWorld HighTech LLC, USA

Unique Method Based on Langmuir-Blodgett Nanotemplate and GISAXS for the Solution of the
Open Problems in Protein Crystallography
Evgeniya Peshkova

Genova University, Italy

Abstract

With the new generation of synchrotrons and microfocussed beamlines a great progress could be achieved in the area of
X-ray protein crystallography resulting in new protein 3D atomic structures of high interest to pharmaceutical industry and life
sciences. However, the production of the protein crystal as well as its quality (order, intensity of diffraction, radiation stability)
remain open problems. This protocol introduces Langmuir-Blodgett (LB) nanotemplate method, applicable to any protein
(including membrane proteins). Highly ordered 2D LB thin protein films preparation on the air-water interface and their
deposition on the glass slides are described in details as well as application of these films as a 2D template for triggering of 3D
protein crystals in the hanging drop vapor diffusion. The procedure takes few minutes. The structural information about the
reorganization in the LB film during crystallization process on the nano level can be obtained by in situ sub-micron GISAXS
(Grazing Incident Small Angle X-ray Scattering) method. MicroGISAX spectra, measured directly on the interface of the LB
films and protein solution in real time, can be interpreted in terms of the buildup of layers, islands or holes. These data give
new insights to the described phenomena of LB nanotemplate and its ability to trigger and accelerate protein crystallization.
In comparison to the standard crystallization protocols, the obtained crystals are more ordered and radiation stable. The
development of highly ordered 2D protein LB templates can approach the resolution of the crystallization problem, also with
the recent progress in X-ray free electron lasers and cryo-electron microscopy.
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Abstract

In the focus of photosynthetic reactions is the process of converting the light energy into chemical energy this process is
maintained by protein pigment complexes which are called reaction centers(RC). The importance of these RC’s can be seen
as fundamental for any photosynthetic process. The first ever solved membrane protein structure was of the bacterial reaction
center which led to the thesis that the oxygen evolving photosystem II is in its reaction center structurally closely related. In the
year 2001 the first structure of photosystem II and the high resolution structure of photosystem I proofed this hypothesis. The
reaction center of H. modesticaldum takes a special place in between the other known structures. The H. modesticaldum reaction
center is not an ancestor of any known reaction center but gives input to the evolution of photosynthesis. From the chemical
nature of the Chlorophylls (three different types) as its orientation in the core of the reaction center as its adjacent integrated
Chlorophyll based antenna system it is in size and composition unique. Distances between Chlorophylls in the reaction center
P800 compared to P700 and to the terminal acceptor FX are different to photosystem I. In the high resolution structure of
H. modesticaldum reaction center the farnesyl side chains can be assigned from electron density as the nature of the over 50
Chlorophylls in the homodimer. (Funding support ongoing since 2013 by DOE grant DE-SC0010575).
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Abstract

Modern X-ray crystallography is a dominant method for structure determination of large biomacromolecules such as
proteins, nucleic acids and their complexes. It allows to reconstruct atomic structure of biomacromolecular specimens with the
atomic weights up to millions Da and with the resolution down to 1 Å, especially after appearance of such modern and extremely
intense X-ray radiation sources as free electron lasers (FELs). However, crystal stability and damage due to interactions of
matter with the X-ray radiation limits time of diffraction data deposition and, thus, the resolution of the obtained electron
density maps, which serve as a starting point for determination of the atomic positions. It was previously shown practically
and theoretically that the Langmuir-Blodgett (LB) crystals have higher stability against radiation damage in comparison with
the classical hanging drop (HD) crystals similarly to the space-grown (SG) crystals. However, it remains still unclear how and
to what extend the methods utilized for the crystal growing and the micrometer- and nanometer- scale structure of crystals
influence the crystal stability particularly against the radiation damage. In the present study we address the problem of crystal
stability by means of molecular dynamics (MD) and Monte Carlo (MC) simulations.
Thermal Stability of Lysozyme Crystals Obtained by Different Techniques Investigated Using MD Simulations

For MD simulations we have chosen three structures of lysozyme representing different crystallization techniques (Table
1): classical “hanging drop” (HD), Langmuir-Blodgett (LB) and the space-grown in microgravity conditions (SG). The crystal
triclinic supercell was set up for all models. Each cell contained 16 proteins, the total charge of such system was +128. The cells
were solvated with the TIP3P water model and the chlorine ions were added in order to neutralize the systems.
Table 1: Data about the simulated systems.
PDB ID

Unit cell sixe
nmxnmxnm

Resolution
nm

Volume
Nm3

7,92´7,92´3,74

0,17

564

7,65´7,65´3,61
7,71´7,71´3,72

0,17

0.094

481
541

All simulations have been conducted in GROMACS 2016 package using the CHARMM36 full-atom force field.
Equilibrium simulations were run for 100 ns followed by the production simulations each 60 ns long at three temperatures –
300 (optimal conditions for lysozyme functioning), 343 (a bit lower than the thermal denaturation T for lysozyme) and 500 K
(sufficiently above the thermal denaturation T). The structural parameters of all three crystals (Figure 1) simulated at 300 K are
similar and stable with the RMSD values fluctuating around 1.6-1.8 Å and the gyration radius around 1.40-1.41 nm. However,
already at this low temperature the volume and the crystal density differ significantly between the systems what appears as an
inherited property of the used crystal structures (Table 1): the HD crystal has the lowest volume and the highest density, while
for the LB it is vice versa.

NanoWorld Journal | Volume 3 Supplement 2, 2017

S14

Proceedings ELBA NW Nanoforum XLII. Part-3: Conclusions

Figure 1: (A-C) Gyration radius averaged over 16 individual proteins in the crystal unit for the three systems (HD, LB
and SG) simulated at three different temperature values (300, 343 and 500 K) plotted as a function of the simulation time; (DF) RMSD averaged over 16 individual proteins in the crystal unit for the three systems (HD, LB and SG) simulated at three
different temperature values (300, 343 and 500 K) plotted as a function of the simulation time
With the increase of the temperature the discrepancy in the stability of the three crystals emerge, both at the pre-denaturation
temperature (343 K) and post-denaturation temperature (500 K). The LB crystal structure appears as the most stable in the all
of the performed simulations.

Figure 2: Distributions of the water diffusion coefficient calculated for the three systems (HD, LB and SG) simulated
at three different temperature values (300 (A), 343 (B) and 500 (C) K) along with the distributions of the water diffusion
coefficient calculated from the short simulation of the pure water box (10 ns) at the corresponding temperature values.

Since one of the major difference between the investigated crystal models is the water content of them, we have investigated
the water mobility in terms of the diffusion coefficient, Ddiff, in all three systems at three different temperatures. We have
found out that in the LB and SG systems there is a noticeable shoulder at the higher Ddiff values. Presumably, the main peak
of the Ddiff distribution corresponds to the “slow” water molecules bound to proteins, while in the crystals with the bulkier unit
cells (i.e., LB and SG) there appear an additional fraction of more mobile water molecules with the Ddiff similar to the bulk
water (compare solid curves to the dashed one on Figure 2). These additional water molecular likely serve as a thermal bath,
which draws heat from the protein molecules and acts against the structural collapse. With the increase of the temperature
the discrepancy in the stability of the three crystals emerge, both at the pre-denaturation temperature (343 K) and postdenaturation temperature (500 K). The LB crystal structure appears as the most stable in the all of the performed simulations.
Stability of the Ionized Lysozyme Crystals

Using a similar computational protocol, we have investigated the effects of ionization on stability of the LB and HD
crystals. Ionization was simulated as a random assignment of the +1 charge. The fraction of the ionized atoms was estimated
using the Monte Carlo simulations in the Geant4 program and equaled 1/100 and 1/1000 of the total atom number. The MD
simulations were performed at 100 K for 10 ns. While no significant difference was observed in the simulations with the 1/1000
ionization fraction, when 1/100 of atoms were ionized we found a minor dissimilarity between the LB and HD systems in terms
of the RMSD and the RMS fluctuations per residue (Figure 3). The LB crystal model appeared more stable in these simulations.
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Figure 3: (A) RMSD of the LB (red) and HD (black) systems as a function of the simulation time. (B) The RMS fluctuation
difference between the LB and HD systems.
At the pre-denaturation and post-denaturation temperatures the spacegrown and LB crystals are more stable than the
classical HD one; The observed thermostability of the LB and SG crystals is likely due to the higher content of the mobile water
molecules, which can serve as a heat bath and split proteins apart more efficiently; The LB crystals are also more tolerate to the
electrostatical effects of ionization comparing to the classical HD crystals.

Strutural NanoProteomics by Cell Free Expression, Polymers, Enzymes, Nanoconductimetry, Mass
Spectrometry, APA, LB and Montecarlo
Claudio Nicolini

Fondazione EL.B.A. Nicolini, Largo Redaelli 7 Pradalunga, Bergamo, Italy
Nanoworld High Tech LLC, Boston, USA

Abstract

A review of the emerging trends and perspectives of Protein Nanocrystallography is presented at the conclusion of this
Nanoforum at the intersection of advances in nanotechnology (Langmuir-Blodgett and Anodic Porous Allumina), proteomics
(microarray, cell free expression and SNAP) and synchrotron radiation (third generation sources trillion times more brilliant
requiring quite smaller crystals and Monte Carlo simulation presented in the previous paper). It should be noted that
nanocrystallography here does not refer to crystals of nanometer size or to nanodrop crystallization technology, but to the
significant applications for medicine emerging in our labs at the interface of Langmuir-Blodgett engineering, organic chemistry,
molecular dynamics and label-free Protein Arrays, utilizing bacterial hell’s gate globin, octopus rhodopsin, bovine cytochrome,
human kinase, laccase and many other proteins.
A review of the emerging trends and perspectives of Structural Proteomics is presented in the Figure below at the intersection
of advances in nanotechnology (Langmuir-Blodgett and Anodic Porous Allumina), proteomics (microarray, cell free expression
and SNAP, Mass Spectrometry, Nanoconductimetry), synchrotron radiation (third generation sources trillion times more
brilliant using quite small crystals and Monte Carlo simulation) up to its clinical applications to humans (1) and to industrial
applications (2) in hardware and energy. It should be noted that here we introduced nanocrystallography not referring to crystals
of nanometer size or to nanodrops crystallization technology, but to the significant applications for medicine emerging in our
labs at the interface of Langmuir-Blodgett and APA engineering, organic chemistry, recombinant DNA, molecular dynamics
and label-free Protein Arrays, utilizing bacterial hell’s gate globin, octopus rhodopsin, bovine cytochrome, human kinase, laccase
and many other proteins important for health (1) and new hardware (2). All the above industrial and clinical applications will
be carried out in the United States by a new company NanoWorld High Tech LLC USA (recently create by myself in Boston,
Massachusetts), in close cooperation with companies located in the Boston and Tempe areas and with the Fondazione ELBA
Nicolini proprietary of many relevant patents acquired in the activities described in the introduction of this Proceeding and in
my biography below.
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Conclusions

The Round Table hosted June 21, 2017 in the Fondazione ELBA Nicolini headquarter in Pradalunga (Bergamo,
Italy) on USA-EUROPE Scientific Cooperation about XFEL, CRYO-EM, SYNCHROTRON RADIATION and
NANOTECHNOLOGY was jointly chaired by Professor Petra Fromme from Arizona State University in USA and from
Academician Claudio Nicolini from Fondazione EL.B.A. Nicolini in Europe, with the participation of Professor Christian
Riekel from European Synchrotron Radiation Facility in Grenoble (France), Prof. Raimund Fromme, Arizona State University,
Tempe, USA and Professor Eugenia Peshkova from Geneva University in Italy. After long scientific discussion was reached
the unanimpous consensus to explore the formalization of a Bilateral Organizing Committee to meet next year in Tempe
(Phoenix) at the Biodesign Institute in order to formalize a joint detailed USA-Europe research project in conjunction with the
Third NanoWorld Conference planned in San Francisco for April 23-25, 2018 and to be subsequently submitted for adequate
funding at the appropriate international and national agencies. This agreement concluded the ELBA NW XLII Nanoforum
on Structural Nanoproteomics in the Fondazione Headquarters in Pradalunga (Bergamo, Italy) on June 22, 2017 that is being
published by NanoWorld Journal in the Supplement 2 of Volume 3.
Claudio Nicolini, Editor-in-Chief NanoWorld Journal and President Fondazione ELBA Nicolini
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