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Abstract

Urease and Penicillin-G-Acylase LB multilayers studied by Submicron GISAXS 
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Method Characteristics

▪  The method consists in the bringing the protein 

molecules on the air-water interface of the LB 

trough, compression of the created monolayer 

by means of Teflon barriers up to surface 

pressure corresponding to the highly packed and 

ordered system, deposition of the resulting 

monolayer using Langmiur-Blodgett (vertical 

lift) or Langmuir-Schaefer, LS (horizontal lift) 

method to the solid surface and drying in the 

nitrogen flux.

▪  LB nanofilms are be prepared by commercially 

available troughs , e.g. KVS Nima or similar) 

▪ For every single protein the optimal conditions 

of the ordered film formation will be found 

(sub-phase composition, barriers' speed, surface 

pressure of deposition). 

▪ The quality of the LB film will be controlled by 

Brewster angle microscopy (BAM), Atomic 

Force Microscopy (AFM), Quartz crystal 

Microbalance (QCM, Nanogravimetry), micro 

and nano-Grazing Incidence Small Angle 

Scattering (GISAXS).

The Langmuir-Blodgett (LB) nanotechnique immobilizes proteins in nanotemplates, forming a stable two-dimensional protein organization. These nanofilms 

feature longrange order, thermal stability, and the ability to trigger protein crystallization, even for proteins noncrystallizable by classical methods. During 

thermal annealing, LB protein nanofilm multilayers immobilized on a Si3N4 membrane undergo rearrangement. This process involves incubation at 150°C 

followed by cooling to room temperature. Micro and nano-GISAXS (Grazing-Incidence Small Angle X-ray Scattering) confirmed that this treatment 

enhances long-range order. Consequently, it can be utilized in new procedures for fixed-target direct "on chip" protein sample preparation in serial

femtosecond crystallography, which includes acquiring X-ray free electron lasers (XFELs) data from LB multilayer films. 

Recently, thermal annealing of LB protein nanofilms has been shown to develop nanoaggregates and filamentous spherulites. These structures consist of 

nanofibrillar subunits arranged in a cross-ß amyloid pattern inside the bulk of amorphous LB multilayers. These amyloidic motifs were characterized using

advanced methods such as X-ray nanodiffraction (nanoXRD) at the European Synchrotron Radiation Facility (ESRF) and Cryo-electron microscopy in 

microbeam electron diffraction mode (microED). Protein LB nanofilms with amyloid patterns have the potential to be used in advanced nanotechnology 

devices. Additionally, identifying the clustering of amyloid fibrils could improve our understanding of amyloid fibrillation and create new opportunities for

the diagnosis and treatment of Alzheimer's and Parkinson's diseases.

LB nanofilms deposition

Phycocyanin LB multilayers studied by Cryo-EM in micro-ED mode
Cryo Electron Microscopy was performed on a Titan Krios transmission electron microscope (FEI) equipped 

with Gatan K2 Summit direct electron detector and operating at 300 kV (λe = 0.0022 nm). Cs for this instrument 

2.7 mm. Electron diffraction images were recorded with Ceta camera that is a hybrid CMOS 4K x 4k camera. 

Cryogenic sample-grids were rapidly transferred and cooled in liquid ethane (−188°C). Electron beam was 

estimated as 5.6 ± 0.1 μm. LB film (20 layers) deposited onto a support grid and after flesh-freezing in the cryogen 

(liquid ethane or nitrogen) placed in the high vacuum of the transmission electron microscope. Amorphous 

phycocyanin LB multilayers form, after annealing at 150 °C and cooling to room temperature, a layered 

nanofibrillar lattice with rotational disorder. Scanning X-ray nanodiffraction suggests that structural transformation 

is not homogeneous through the film but limited to patches of up to about 10 μm diameter.
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Key results

▪ Annealing at 150 °C measurably increases long-range order (micro- and nano-
GISAXS).

▪ Cross-β amyloid motifs observed inside the multilayers by nanoXRD (ESRF) and cryo-
EM microED.

▪ Films of 20 layers on X-ray-transparent substrates work as fixed targets for XFEL.

▪ Films stable to 150 °C and storable for years, structure and function preserved.

Proteins microGISAX nanoXRD Micro

ED 

XFEL

Penicillin G Acylase 100 layers 100 layers

Bovine Serum Albumin 140 layers

Urease from 
jack bean

100 layers 140 layers 

Asparaginase Rhodospirillum 

rubrum

300 layers 

Phycocyanin 
Thermosynechococcus elongatus 

120 layers 20 layers 20 

layers

XFELs can offer 300 fs long X-ray pulses with 1.8 keV photon energy. Since the crystals are destroyed upon exposure 

to a single femtosecond FEL pulse, the data is collected in a serial fashion, by the gas-focused liquid microjet of 

randomly oriented micro and nanocrystals. The major problem of this approach is the low hit rate (mean number of 

patterns per shot), which depends on particle concentration, requiring high protein quantity both for screening 

procedure and for prepare nanocrystals of adequate quantity and concentration. In order to overcome this problem, we 

plan to use the highly ordered microcrystalline LB multilayers on the X-ray transparent substrate instead of liquid jet 

nanocrystals, which also will significantly reduce the protein consumption and will not  require the exhausted search 

of the crystallization condition. The pulse energy and duration of XFEL can be further modified to obtain the highest 

possible resolution with lowest radiation damage. Experiments were performed at LCLS, SLAC, USA.
LB protein multilayers (20-300 layers) can be 

deposited on a highly X-ray transparent substrate 

(as Kapton foil o Si-Nitride surface) in order to 

avoid absorption or scattering from the substrate, 

using LS modification of LB method, and dried in 

the nitrogen flux. QCM is used to characterize the 

film packing by the measurements of the frequency 

of the quartz slide with the deposited LS film, 

further converted into the surface density 

(ng/micrometer square) by Sauerbrey equation in 

order to characterize uniformity and reproducibility 

of deposition. Area per molecule in the film can be 

also calculated for estimation of the film’s closed-

packing. After heating of the multilayer at 150 °C 

and then cooling, at 22°C the long range order will 

increase, controlled by microGISAX measurements

(A) PC fiber texture pattern with meridional (c-axis) and equatorial (a-axis) axes. d-Spacings are indicated for 

selected reflections. 

(B) Determination of equatorial period from five (h00) orders. 

(C) Zoom into equator showing azimuthal splitting of (h00) orders into subpeaks

Phycocyanin LB multilayers studied by femtosecond XFEL

Emergence of amyloidic fibrillation in 2D-ordered 

Langmuir–Blodgett protein multilayers upon heating 

revealed by ID13 nanofocus beamline at ESRF

nanoXRD - composite image of PGA LB MLs with 500 nm 

(hxv) step-increments. The resolution range of a pixel is 

shown as inset (a). 

(b) Zoom of spherulitic core [dotted red rectangle in (a)]. 

(c) Zoom of two filamentary arms extending from the core 

[dotted blue rectangle in (a)]. The local orientation of the fiber 

axis is schematically indicated by red arrows at the end of the 

left filaments.

Penicilline-G-Acylase (PGA) LB multilayers studied by X-ray nanodiffraction 

Left - XFEL scanning of the Si3N4 membrane of 

200 nm thickness. 

Right - XFEL scanning of the Phycocyanin LB 

multilayered film (20 monolayers), 

heated up to 150°C and cooled down to the room 

temperature.

60 monolayers of urease and  PGA LB film LB film heated up to 150°C  and subsequently 

cooled down to the room temperature and incubated at 20°C 

 

Intensity plot on performing horizontal and vertical slice on the GISAXS images for  urease (A) and PGA (B) at 150 °C (Black) and 20 °C (dotted grey) vs 

pixels, experiments performed at ID13 microfocus beamline at ESRF

Decreasing of film thickness 

and its re-ordering 

(increasing of structural 

correlation between two 

protein monolayers) upon 

heating up to 150°C and 

cooling to room 

temperature. 

Left -XFEL scan of Phycocyanin LB 20 monolayers 

at room temperature. The scan shows a uniform grid 

pattern, indicating a consistent and defect-free 

substrate with well-organized multilayers. 

Right - XFEL scan of the Phycocyanin LB 20 

monolayers after being heated to 150 ◦C and cooled 

down toroom temperature. The scan reveals numerous 

diffraction spots, indicating enhanced crystallization

within the multilayered film after thermal treatment. 

The cyan color indicates the diffraction spots that are 

identified by clusters of predetermined number of 

detector’s pixels.
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