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[bookmark: _Toc213319833]Abstract
This report examines the use of small-angle neutron scattering (SANS) to study the structural characteristics of proteins in solution. SANS is a small-scale, highly sensitive method that provides information on the size, shape, degree of association, and conformational transitions of proteins under near-native conditions.
The article discusses the theoretical foundations of the technique, experimental features, and data analysis using model systems. Particular attention is paid to the interpretation of scattering data to obtain quantitative structural parameters, such as the radius of gyration and macromolecular shape.
SANS results complement data from other structural methods (e.g., X-ray crystallography), providing unique information on protein structure under physiological conditions. These studies are important for understanding the mechanisms of protein function, drug development, and the optimization of biotechnological processes.

[bookmark: _Toc213319834]Introduction
Studying the structure and dynamics of proteins in their natural environment—solution—is one of the key challenges in modern biophysics and molecular biology. Proteins in solution are constantly moving, adopting various conformations, which is directly related to their functional activity. Therefore, methods that allow the study of macromolecules in liquid media are particularly valuable.
Traditional methods for determining protein structure, such as X-ray crystallography and cryo-electron microscopy, often require obtaining solid-state samples (crystals or frozen preparations). Although these methods provide detailed information on the three-dimensional structure, they may not fully capture the dynamic properties and conformational states of the protein in solution.
In this context, small-angle neutron scattering (SANS) provides a powerful and complementary tool. SANS allows one to obtain information on the global structure of protein molecules, such as their size, shape, degree of association, and the presence of structural heterogeneities, directly in solution. A key advantage of this method is its non-destructive nature, allowing samples to be studied without significantly altering their state. Furthermore, neutrons possess a unique ability for isotopic contrast, opening up opportunities for the selective study of individual components in complex systems, for example, when investigating protein complexes or protein interactions with other molecules.
This report examines protein solutions using small-angle neutron scattering. It will discuss the theoretical basis of the method, the specifics of its application to protein studies, and present results demonstrating the ability of SANS to reveal important structural and dynamic characteristics of protein molecules under conditions close to their native state. The data obtained will contribute to a deeper understanding of the relationship between protein structure and function, which is of fundamental importance for biology.


[bookmark: _Toc213319835]PART Ⅰ: DETERMINATION OF PROTEIN CONCENTRATION. METHOD VALIDATION.	
[bookmark: _Toc213319836]1. METHOD FOR ISOLATING HEME FROM CYTOCHROME C
[bookmark: _Toc213319837]1.1. Experimental part
4.5 ml of water were added to 40 mg of Ag2SO4, and 0.4 ml of acetic acid were added to 24 mg of cytochrome c dissolved in 1 ml of water. The solution was incubated in the dark for 4 hours at 40°C and then centrifuged to remove precipitated heme aggregates at 2000 rpm for 3 min (twice). The solution was applied to a G-25 column equilibrated with 0.1 N acetic acid. A brown precipitate was observed in the column [1].
Based on the analysis of chromatographic data, it was decided to select fractions A6-A9, A10-A13, and A21-A37 for subsequent lyophilization.
For this purpose, the lyophilized protein was dissolved in 100 µl of 0.05 M ammonium acetate solution (pH 5) containing 6 M guanidine HCl and 1 M dithiothreitol. The solutions were left in the dark for 2 hours at 25°C, after which they were centrifuged to remove the precipitate. The clear supernatant solution was analyzed spectrophotometrically at an absorbance wavelength of 280 nm [1].
[bookmark: _Toc213319838]1.2. Results
The initial protein concentration was 5.6 mg/ml.
The protein concentration in the fractions collected after chromatographic separation was measured spectrophotometrically:
· Fraction A10: 0.726 mg/ml.
· Fractions A11-A13: 0.039 mg/ml.
After lyophilization, the protein concentration was 2.76 mg/ml.
[bookmark: _Toc213319839]1.3. Modified Ag₂SO₄ protocol
Last time, we used 40 mg of Ag₂SO₄ and 5 mL of water. The issue was solubility: we observed a white precipitate even after adding acetic acid. We need to consider that the maximum solubility of this reagent in H₂O is 0.8 mg per 1 mL [2]. Therefore, this time we decided to reduce the amount: instead of 0.8 mg, we used 0.7 mg of Ag₂SO₄.
For this method, we used 100 µL of cytochrome (7.2 mg/mL) and 200 µL of Ag₂SO₄ (7 mg/mL). The final volume is 300 µL. Since we need an acidic medium, we added acetic acid. To achieve a final concentration of 10 % acetic acid, we added 30 µL.
To this 330 µL solution, we added 1.5 mL of acidic acetone. To prepare the acidic acetone, we mixed 200 µL of 5 N sulfuric acid with 10 mL of acetone.
Preparation of 5 N sulfuric acid:
First, note that concentrated sulfuric acid is 36 N. We calculated the volume needed to prepare 10 mL of 5 N sulfuric acid:
C1 * V1 = C2 * V2
36N * V1 = 10 mL  * 5N
V1 = 1,389 mL
Once the sulfuric acid was prepared, we added it to the acetone and mixed all components. Then, we incubated the solution for 4 hours at 37 °C.
Using the silver method, the protein absorbance concentration was 0.277 mg/mL.
[bookmark: _Toc213319840]2. ACIDIC ACETONE METHOD:
For this method, we used our previously prepared acidic acetone solution. We mixed 1000 µL of this solution with 100 µL of cytochrome.
[bookmark: _Toc213319841]2.1. Common procedure for both methods
After incubation, we placed both samples in the freezer at −20 °C. Then, we centrifuged them at 10 °C and 21 000 × g.
We extracted the acidic acetone and added 1 mL of solution to each tube. To extract remaining molecules, we performed dialysis followed by centrifugation using a 3 kDa Amicon membrane (in falcon). Then, we added 100 µL of PBS solution.
The next step involved preparing an ammonium acetate buffer at pH 5. We used this buffer as the main component for mixing. Then, we prepared 2 mL of a mixture containing 6 M guanidine and 1 M dithiothreitol (DTT). We weighed 1.14 g of guanidine and 0.3 g of DTT, then added ammonium acetate buffer to reach a final volume of 2 mL. Finally, we added 1 mL of this solution to both Method 1 and Method 2 samples.
After incubation, we centrifuged the solutions using an Amicon device until the final volume reached 200 µL. Then, we added 3 mL of PBS to remove guanidine and DTT. We repeated this process three times (4000 × g, 20 minutes, 10 °C).
Finally, we recorded the UV spectra of the protein.
After using the acetone method, the protein absorbance concentration was 0.441 mg/ml.
[bookmark: _Toc213319842]3. DETERMINATION OF PROTEIN CONCENTRATION BY THE BICINCHONINIC ACID METHOD.
[bookmark: _Toc213319843]3.1. Bicinchoninic acid method.
Protein determination is one of the most common operations performed in biochemical research. The principle of the bicinchoninic acid (BCA) assay is similar to the Lowry procedure, in that both rely on the formation of a Cu2+-protein complex under alkaline conditions, followed by reduction of the Cu2+ to Cu1+. The amount of reduction is proportional to the protein present. It has been shown that cysteine, cystine, tryptophan, tyrosine, and the peptide bond are able to reduce Cu2+ to Cu1+. BCA forms a purple-blue complex with Cu1+ in alkaline environments, thus providing a basis to monitor the reduction of alkaline Cu2+ by proteins [3].
[bookmark: _Toc213319844]3.2. Experimental part
To evaluate the bicinchoninic acid assay, samples were prepared. First, a mixture of BCA and CuSO4 reagents was prepared (2500 µL and 50 µL, respectively). Then, BSA solutions with concentrations of 0.2, 0.4, 0.6, 0.8, and 1 mg/mL were prepared, as well as apoferritin solutions with concentrations of 0.5 and 1 mg/mL. 200 µL of the prepared reagent mixture were added to each sample. The samples were then incubated at 37°C for 30 minutes to increase the sensitivity of the assay. Spectrophotometric analysis was then performed, measuring the light absorption of 1 mm and 1 cm thick samples, which allowed the determination of protein concentrations.
[bookmark: _Toc213319845]3.3. Results
The following results were obtained using the bicinchoninic acid method: 
[image: ]
Figure 1: The first result of the bicinchoninic acid method
Spectrophotometric analysis failed to establish a linear relationship between optical density of BSA in the range up to 1 mg/mL and its concentration, necessitating the use of an alternative method. In the case of first experiments there were assumed that it is possible errors during the sample preparation of BSA protein standard. 


Figure 2: The second result of the bicinchoninic acid method
On figure 2 the second experiment using this method is shown.  In this case the absorption of BSA showed linear distribution. Nevertheless, the apoferritin protein absorption shows the different slope of the linear distribution. The results shows the difference in the calculated concentration in comparison with that obtained using the standard method. The additional measurements using the SAXS method will be used for the concentration calculations from the intensity in 0 angle.

[bookmark: _Toc213319846]PART Ⅱ: ISOLATION OF BACTERIORHODOPSIN AND DETERMINATION OF ITS HEADS.
[bookmark: _Toc213319847]1. CULTIVATION OF HALOPHILIC ARCHAEA AND STUDY OF THEIR INTERNAL ORGANIZATION
[bookmark: _Toc213319848]1.1. Cultivation of the extremophilic archaea Halobacterium salinarum
The initial stage of the work involved the preparation of two samples with activated carbon (2.5 g per flask). Before adding nutrients, air was removed from the samples, if possible. Next, 1 g of nutrient agar was added to each activated carbon. Before this, the pH of the seawater was measured and found to be 7.3. The following nutrients were added to the seawater: 1 g of tryptone, 0.4 g of yeast extract, and 1 g of glycerol. The resulting solution was brought to a pH of 7.5 and sterilized in an autoclave. After this, the prepared nutrient medium was added to flasks with agar and activated carbon. Then, 100 μl of Halobacterium salinarum bacterial cells were inoculated into each flask. The cultures were incubated in a thermostat on a shaker at a temperature of 42°C. One flask was kept under constant illumination, the other in the dark. The bacteria were periodically fed with fresh nutrient medium for 10 days.
To assess the growth dynamics and viability of bacteria, daily measurements of the turbidity of the cell suspension were carried out using UV spectrometry.
[image: ]
Figure 3: Evaluation of Halobacterium salinarum cell growth
[bookmark: _Toc213319849]1.2. Preparation of H. salinarum samples for determination of rhodopsin protein concentration
The cell suspension from the two flasks was centrifuged at 4000 rpm for 30 minutes. After centrifugation, the supernatant was separated, and the resulting pellet was weighed. The cells were then washed with filtered water and centrifuged again under the same conditions: 4000 rpm for 30 minutes.
To separate the rhodopsin protein from the bacterial DNA, the enzyme DNase was added to the suspension in the presence of magnesium ions (Mg). After incubation, the mixture was centrifuged at 13,000 rpm for 30 minutes 6℃.
The resulting precipitate was frozen for several days. After thawing, the sample was centrifuged at 13,000 rpm for 30 minutes. The supernatant was separated, and an equal amount of water was added to the precipitate. The sample was then centrifuged again at 13,000 rpm for 30 minutes. This procedure (centrifugation, separation of the supernatant, addition of water) was repeated twice. After the final centrifugation and separation of the supernatant, 100-200 µl of water were added to the precipitate. The optical density of the resulting solution was measured at wavelengths of 560 nm, 280 nm, and 570 nm.
[bookmark: _Toc213319850]1.3. Results
The purity of bacteriorhodopsin was measured using the formula [4]:



Quantitative determination of bacteriorhodopsin was measured using the formula [4]:



As a conclusion one can clearly see that the concentration of the bacteriorhodopsin concentration in the flask with constant illumination is higher in comparison to the dark one.


[bookmark: _Toc213319851]PART ⅡI: IBR-2 REACTOR. DATA ANALYSIS
[bookmark: _Toc213319852]1. IBR-2
The IBR-2 is a fast pulsed reactor with batch operation. Its main distinction from other reactors is its mechanical modulation of reactivity using a movable reflector. The movable reflector is a complex mechanical system that ensures the reliable operation of two parts that determine reactivity modulation: the main movable reflector (MMR) and the secondary movable reflector (SMRR). The rotors of the main and secondary movable reflectors rotate in opposite directions at different speeds. When both reflectors coincide, a power pulse is generated near the reactor core [5].
Thanks to its innovative technical solutions, the IBR-2 has one of the highest neutron fluxes from a moderator in the world: ~1016 n/cm2/s at a peak power of 1850 MW.
At the same time, unlike other research reactors, they consume much less energy and use very little fuel (less than 20 liters), which lasts approximately 15-20 years, minimizing the environmental impact.
The reactor operates continuously in a twelve-day cycle and then shuts down to prepare for subsequent experiments. There is also a longer summer shut down for maintenance. The reactor typically operates nine cycles per year [6].
[bookmark: _Toc213319853]2. Data processing
Two recombinant proteins, bovine serum albumin (BSA) and apoferritin, were analyzed using small-angle scattering (SAS). Studies were conducted with various protein concentrations. BSA concentrations of 2 and 5 mg/mL were measured in the presence of water and deuterated water (D2O). Apoferritin concentrations of 1, 5, and 10 mg/mL were studied.


Figure 4: Small-angle scattering BSA curve
[image: ]
Table 1: Data obtained after BSA protein treatment


Figure 5: Small-angle scattering curve of apoferritin
[image: ]
Table 2: Data obtained after processing the protein apoferritin


[bookmark: _Toc213319854]Conclusion
In conclusion, the conducted study highlights the exceptional value of the Small-Angle Neutron Scattering (SANS) technique as a powerful, non-invasive tool for the detailed analysis of protein structural characteristics in solution. SANS allows for the acquisition of information regarding size, shape, molecular weight, radius of gyration, as well as the detection of aggregation and conformational changes in proteins under conditions that are maximally close to native. A key advantage of SANS is the ability to utilize contrast variation (H₂O/D₂O), which enables the selective visualization of specific components within complex protein systems or protein complexes. The data obtained, often inaccessible by other methods, significantly contributes to understanding the structure-function relationship of proteins, which is critically important for fundamental biology, biotechnology, and the development of new therapeutic agents.
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