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Immobilization of fluorescent protein TagGFP2
on Fe;O4-based magnetic nanoparticles*
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The immobilization of fluorescent protein TagGFP2 on Fe;0,4-based magnetic nanoparticles
(MNPs), preliminarily functionalized with 3-aminopropylsilane and N-(phosphonomethyl)
iminodiacetic acid (PMIDA), was studied. Protein binding to MNPs depending on the nature
of the surface functional groups, the medium, and the presence of a coupling agent, namely,
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide (EDC), was studied using fluorimetry, UV
and IR spectroscopy. It was shown that protein immobilization can occur by both non-covalent
and covalent binding with surface groups of MNPs. The best results (up to 150 ug of TagGFP2
per 1 mg of MNPs) were obtained for MNPs preliminarily functionalized with PMIDA and
using EDC. The results of this study can be used for the design of imaging agents having both
magnetic and optical properties to be applied in biomedicine.
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At present, nanomaterials based on Fe;O4 magnetic
nanoparticles (MNPs) are used as diagnostic and thera-
peutic agents, as a platform for drug delivery and separa-
tion of biomolecules or cells.—3 The Fe;04 nanoparticles
have high magnetic properties, are efficient 7,-contrast
agents** in MRI studies, can be easily functionalized for
further conjugation with organic molecules, they are bio-
compatible and biodegradable.4 Of particular interest
are nanomaterials with magnetic and optical properties
(for example, those based on Fe;0, MNPs and quan-
tum dots).5~7

Green fluorescent protein (GFP) is highly biocompat-
ible in comparison with quantum dots, has good fluores-
cent properties, and can be used to synthesize nanocon-
jugates with MNPs. Fluorescent proteins are often used
as model objects in the development of systems for isola-
tion and purification of His6-tagged recombinant proteins.
For this, the His6-GFP protein reversibly binds to Cu?™

* Based on the materials of the IV Interdisciplinary Symposium
on Medicinal, Organic, Biological Chemistry and Pharmaceutics
(MOBI-ChemPharma 2018) (September 23—26, 2018, Novyi
Svet, Crimea).

** Agents used for magnetic resonance imaging (MRI), which
allow to enhance the contrast of the resulting tissue image by
changing the transverse relaxation time (75) of protons of water
molecules surrounding this contrast agent.

(see Ref. 8) or NiZ" ions (see Ref. 9) preliminarily depos-
ited on the modified surface of Fe;04 MNPs or to nano-
particles based on Ni/NiO!? and Fe;0,/NiO.11

The fluorescent properties of proteins of the GFP fam-
ily make it possible to visualize the binding of other protein
molecules (expressed as a fusion partners with GFP) to
the nanoparticle surface and to estimate their quantity.
For example, during the development of a biosensor sys-
tem, a recombinant protein fused with TagGFP was used
to visualize the site-specific conjugation of the protein
TagSNAP with the surface of a modified Au substrate.!2
In addition, GFP was used to label A54 peptide (possesses
a high specificity toward hepatocarcinoma cells), which
was subsequently immobilized on MNPs.13 In this study,
we used the recombinant protein TagGFP2 (pI 5.73).14
The protein TagGFP2 is characterized by a bright fluores-
cence, a high pH value, and photostability. An additional
advantage of the protein TagGFP2 is its existence in
a monomeric form and the possibility of its successful use
as a fluorescent tag for biomedical purposes, for example,
for visualizing cells in the in vitro experiments.

The goal of this work is to study the non-covalent and
covalent (using 1-(3-dimethylaminopropyl)-3-ethylcarbo-
diimide (EDC) as a coupling agent) immobilization
processes of the fluorescent protein TagGFP2 on MNPs
containing surface carboxy or amino groups, depending
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on the nature of the reaction medium (water or phosphate-
buffered saline (PBS)).

Results and Discussion

In this work, we used Fe;O04-based MNPs with a dia-
meter of 11 nm,15:16 obtained by deposition from solutions
of Fe3* and Fe?™ salts. In order to form functional groups
on the surface of MNPs allowing subsequent covalent
binding with the protein, we modified the starting MNPs
with N-(phosphonomethyl) iminodiacetic acid mono-
hydrate (PMIDA)17:18 or (3-aminopropyl)trimethoxy-
silane (APTMS)15:16 a5 shown in Scheme 1. As a result,
MNPs containing carboxy (1) or amino groups (2) on the
surface were obtained (see Scheme 1). Previously, both
types of modified MNPs were demonstrated to be suitable
for use as T»-contrast enhancing agents when performing
MRI diagnostics of liver in the in vivo experiments.16-18.19

The amount of PMIDA and APS attached to MNPs
was calculated according to the mass fraction of carbon
determined based on elemental analysis. The amount of
APS was also determined by IR spectroscopy.2? Thus, for
MNPs 1 the amount of PMIDA was 0.57 mmol g~! of
MNPs (or 1.14 mmol g=! of MNPs calculated based on
the number of carboxy groups), for MNPs 2 the amount
of amino groups was 0.60 mmol g~! of MNPs.

The immobilization of TagGFP2 can occur either by
non-covalent surface sorption or by coupling of carboxy
or amino groups on the surface of synthesized MNPs to
the free amino or carboxy groups of the protein, respec-
tively, when using water-soluble carbodiimide EDC.

The TagGFP2 used in this work has excellent fluores-
cent properties (Ag, = 460 nm and Ag,, = 506 nm), with
a relative quantum yield of 0.65 (with a standard fluores-
cein, Ag, = 460 nm) (Fig. 1), therefore, it is convenient to
study its immobilization on MNPs using fluorescence
spectroscopy. A graph of fluorescence intensity versus
protein concentration in solution was plotted to evaluate
the degree of protein immobilization on MNPs based on
its residue in the reaction mixture (Fig. 2).

In the case of covalent immobilization of protein on
the MNP surface using EDC as a coupling agent, there is
a risk that a significant excess of this reagent will lead to
intramolecular coupling of free functional groups of the
protein and, as a result, to a change of its spatial configura-
tion and a decrease of its fluorescent properties. Therefore,
we also studied the effect of EDC on the fluorescent prop-
erties of TagGFP2. When adding 0.3 mL(5+ 10> mol L~ 1)
of EDC to 3 mL of an aqueous solution of protein
(6.8 + 10~7 mol L~1), the opalescence of the sample rapidly
increased during the first 15 min and afterwards increased
gradually, which is confirmed by an increased background
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Fig. 2. Calibration curve of the dependence of the area under the
luminescence curve in the region of 450—600 nm on protein
TagGFP2 concentration.

line in the absorption spectra (Fig. 3, @). On the second
day, the background line decreased due to precipita-
tion. The precipitation has no effect on the fluores-
cent properties of the protein solution, therefore, fluores-
cence spectroscopy is still preferable. In addition, the
possibility of varying the voltage at the spectrofluorimeter
photomultiplier makes it possible to work at both low
(1077—10=% mol L~!) and higher protein concentrations
(up to 10~3 mol L—1). It was shown that the presence of
EDC in the solution leads to a noticeable quenching of
TagGFP2 fluorescence, which can be described by a log-
arithmic dependence (Fig. 3, b). This is caused by a change
in the protein structure resulting from intra- and, possibly,
intermolecular couplings. It is likely that these processes
result in the formation of microparticles and their sedi-
mentation. Therefore, in the case of covalent immobiliza-
tion of TagGFP2 on MNPs 1 and MNPs 2, we used
equimolar amounts of EDC calculated based on the quan-
tity of functional groups on the MNP surface.

The immobilization of TagGFP2 on MNPs 1 was car-
ried out according to Scheme 1.

300 600 900 1200 #/min

Fig. 3. The change in the absorption spectra (a) and the decrease
over time in the luminescence intensity of protein TagGFP2 (b)
after the addition of EDC.

For this purpose, an equimolar amount of EDC was
added to a colloidal solution of MNPs 1 in PBS or water
(products 3 and 4, respectively, were obtained during the
process), then the mixture was allowed to stand at room
temperature for 1 h, followed by the addition of an aliquot
of TagGFP2 solution with a molar ratio of carboxy groups
on MNPs 1 to the protein 25 : 1 and 75 : 1. In addition, the
possibility of non-covalent immobilization of TagGFP2
on MNPs was investigated by carrying out a similar reac-
tion, but in the absence of carbodiimide (product 5).

The reaction progress was monitored using UV spectro-
scopy and fluorimetry. The UV and luminescence spectra
were recorded when TagGFP2 was just added, and after
0.5, 1,4, and 20 h. It was shown that UV and luminescence
spectra of the sample do not change over time (the maxi-
mum difference in the intensity in the spectra was up to
4%). At the same time, the difference in fluorescence
intensity in parallel measurements did not exceed 4.5%.
This may indicate that the use of carbodiimide does not
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Fig. 4. Luminescence spectra of the reaction mixtures after the completion of the reaction and the removal of nanoparticles for MNPs
containing carboxy groups (/—3, MNPs 3—5, respectively) (a), and for MNPs containing amino groups (/—3, MNPs 6—8, respec-
tively) (b), as well as optical absorption spectra of synthesized MNPs for conjugates based on MNPs containing carboxy group (/, MNPs
1, 2—4, MNPs 3—5, respectively, 5, TagGFP2) (c), and for conjugates based on MNPs containing amino groups (/, MNPs 2, 2—4,
MNPs 6—8, respectively, 5, TagGFP2) (d).

lead to the loss of fluorescent properties by the protein The amount of immobilized TagGFP2 on MNPs was
under the reaction conditions. Figure 4 shows the absorption determined by the difference in the amounts of protein
and fluorescence spectra of the reaction mixtures of MNPs loaded to the reaction and protein remaining in the filtrate
and TagGFP2 for various conjugation conditions (Table 1). after the removal of MNPs. The amount of unreacted
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Table 1. The amount of TagGFP2 immobilized on MNPs de-
pending on the reaction conditions

MNPs Medium EDC/equiv. Amount of TagGFP2
pg mg~! pmol g~
of MNPs of MNPs

3 PBS 1 40 1.6

4 H,0 1 150 5.5

5 H,0 0 100 3.6

6 PBS 1 40 1.6

7 H,0 1 25 0.9

8 H,0 0 25 0.9

protein was calculated by means of the calibration curve
(see Fig. 2), using the data on signal intensity in the
sample fluorescence spectra (see Fig. 4, a). It was shown
that TagGFP2 immobilization efficiency was practically
independent of the molar ratio of the amount of carboxy
groups on MNPs 1 to the amount of protein added to the
reaction (25 : 1 and 75 : 1) and was equal to 1.6 and
1.5 pg mg~! of MNPs, respectively.

Table 1 gives the data on the degree of TagGFP2 immo-
bilization depending on the reaction conditions for MNPs
3—8 obtained in accordance with Scheme 1.

The optical absorption spectra pattern of the synthe-
sized MNPs 3—5 (see Fig. 4, c¢) correspond to the that of
the starting MNPs 1 and additionally contains a small
maximum in the region of 460—480 nm characteristic of
TagGFP2. The immobilization of TagGFP2 on MNPs
was also qualitatively confirmed by IR spectroscopy
(Fig. 5). Absorption bands corresponding to the starting
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components of the reaction, which underwent certain
shifts, were observed in the attenuated reflectance spectra
(ATR). Specifically, the TagGFP2 is characterized by the
bands in the region of 1636—1646 cm~! (amide I) and
1538—1542 cm~! (amide II), which are present in the
spectra of all the studied products.2! The bands at 1070
and 977 cm™!, corresponding to vibrations of free OH
groups, disappear in MNPs 3—5, probably due to coor-
dination of protein molecules with surface groups of
MNPs. Weak bands at 2860, 2926, and 2960 cm™! cor-
responding to vibrations of C—H bonds become more
pronounced in the protein-modified MNPs. The band at
3430 cm™!, related to the stretching vibrations of H,O
molecules present on the surface of the particles, is broader
in the spectra of TagGFP2-modified MNPs compared to
that of the starting MNPs 1. This is due to the additional
contribution from the stretching vibrations of protein NH,
groups. The characteristic band of the starting MNPs 1 is the
band at 532 cm™~!, which corresponds to vibrations of the
Fe—O bond. In modified MNPs, it shifts to 547—551 cm™,
which indicates significant surface changes in the MNPs.
The broad bands at 1044—1048 cm~! related to vibrations
of the P—O bonds,17:18 as well as the band corresponding
to vibrations of the C=0 bond, which undergoes a notice-
able shift and superimposes onto the amide I band, remain
in the spectra of modified MNPs.

The intensity of almost all the bands for samples 3—5
obtained under different conditions is similar, therefore,
it is difficult to evaluate the amount of immobilized protein
from ATR spectra. However, one can use a band in the
region of 1538—1542 cm~! (amide I1) (Fig. 5, ), which
has a noticeably lower intensity in sample 3 obtained in
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Fig. 5. (a) ATR IR spectra of MNPs 1 modified with TagGFP2 in PBS ([/), in water with the addition of EDC (2), in water
without EDC (3), as well as the starting MNPs 1 (4) and TagGFP2 (5). (b) A zoomed-in section of the spectrum in the region of

1450—1750 cm—1.,
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PBS. The smallest amount of immobilized protein in
sample 3 was confirmed by fluorimetry (see Table 1).
The immobilization of TagGFP2 on MNPs 2 was car-
ried out in accordance with Scheme 1, by analogy with the
modification of MNPs 1. To accomplish this, an equimo-
lar amount of EDC and then TagGFP2 was added to
a solution of MNPs 2 in PBS or water (obtaining products
6 and 7, respectively). In the study of non-covalent sorp-
tion, immobilization was carried out without the addition
of carbodiimide (obtaining product 8). Fluorescence
spectroscopy was used to measure the amount of TagGFP2
in filtrates after the removal of MNPs from the reaction
mixtures. The experimental results are given in Table 1.
The pattern of the optical absorption spectra of the
synthesized MNPs 6—8 (see Fig. 4, d) corresponded to
that of the starting MNPs 2 spectra and additionally con-
tained a small maximum in the region of 460—480 nm
characteristic of TagGFP2. The ATR spectra of MNPs
6—8 (Fig. 6) and 3—5 (see Fig. 5) generally are similar.
The FTIR spectra of MNPs 6—8 contain absorption bands
corresponding to the starting components of the reaction
and having undergone shifts: the bands characteristic of
TagGFP2 in the region of 1639—1643 cm~! (amide I),
1530—1539 cm~! (amide II), and 1383—1394 cm™! (am-
ide TIT), and the bands at 2852, 2919, and 2954 cm™!
(C—H stretching vibrations) become more pronounced
and better resolved. New (weak, but resolved) bands ap-
pear, for example, at 1731—1736 cm~! (which can corre-
spond to vibrations of free COOH groups in the protein
molecule) (see Fig. 6, b) and at 1453—1457 cm™~! (amide TIT).
In the spectra of MNPs 6—8, the band at 545 cm~! char-
acteristic of the starting MNPs 2 (Fe—O stretching vibra-

~
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tions) shifts toward the region of 543—553 cm~!. There
are also broad bands at 1026—1033 cm™! related to vi-
brations of Si—O bonds remaining in the spectra of
MNPs 6—S8.

Comparing the results on the amount of immobilized
protein on MNPs 1 and on MNPs 2, we can conclude that
in H,O the interaction of TagGFP2 with the surface of
negatively charged MNPs 1 occurred six times more
efficiently compared to positively charged MNPs 2
(when considering MNPs 4 and 7 obtained under similar
conditions).

In both cases, the TagGFP2 molecules are immobilized
on MNPs largely non-covalently, by coordinating with
surface groups. This is shown in experiments on the im-
mobilization of protein without the addition of a coupling
agent to the reaction medium, which could lead to the
formation of covalent bonds. In these experiments, the
better sorption in H,O was also observed for a negatively
charged surface of MNPs (four times higher for MNPs 5
compared to MNPs 8).

In the case of MNPs 1, the addition of carbodiimide
leads to an increase in the degree of protein immobilization
by 50%, probably, due to covalent binding (see Table 1,
MNPs 4 compared to MNPs 5); in the case of MNPs 2,
the presence of EDC does not affect immobilization
(MNPs 7 compared to MNPs 8).

The buffer PBS (pH 7.4) adversely affects the process
of protein immobilization (pI 5.73) on MNPs 1, appar-
ently, due to a change in the surface charge of the nanopar-
ticles. As a result, the amount of sorbed protein decreases
by 73% (compared to MNPs 3 and 4 obtained in PBS and
water, respectively). In the case of MNPs 2, the amount
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Fig. 6. (a) ATR IR spectra of MNPs 2 modified with TagGFP2 in PBS (/), in water with the addition of EDC (2), in water
without EDC (3), as well as the starting MNPs 2 (4) and TagGFP2 (5). (b) A zoomed-in section of the spectrum in the region of

1450—1750 cm~1.
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of TagGFP2, conversely, increases by 60% (compared to
MNC 6 and 7).

In conclusion, we studied the immobilization of fluo-
rescent protein TagGFP2 on Fe;O4-based MNPs, pre-
liminarily functionalized with PMIDA and APS. It was
shown that protein immobilization can occur by both
non-covalent and covalent binding mechanisms (when
using EDC). The best results were obtained for PMIDA-
functionalized MNPs. The use of carbodiimide in this case
allows to increase the efficiency of binding TagGFP2 to
the surface by up to 50% (when carrying out the reaction
in water). This effect was not observed for MNPs 2.
Therefore, it can be assumed that the addition of a coupling
agent leads to the activation of carboxy groups on the MNP
surface, which react with amino groups of the protein,
thereby increasing degree of its immobilization. In the
case of MNPs 2, on the other hand, it was assumed that
the addition of a coupling agent could lead to the activation
of free carboxy groups of TagGFP2, which would interact
with amino groups on the surface of MNPs. However,
since we did not observe an increase in the degree of protein
loading, it can be concluded that free amino groups of the
protein play a more important role under these conditions
of TagGFP2 immobilization.

We believe that the results of this study can contribute
to the development of nanomaterials with magnetic and
optical properties which can be used as imaging agents for
biomedical purposes.

Experimental

Iron(1r) chloride hexahydrate(FeCls » 6H,0, 97%) (Reakhim,
Russia) and iron(11) sulfate heptahydrate (FeSO,+ 7H,0, 99%)
(Vekton, Russia) were used for the synthesis of Fe;O04-based
MNPs. APTMS (97%) (Alfa Aesar, United Kingdom) and
PMIDA (97%) (Sigma-Aldrich, USA) were used for surface
modification. 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDC « HCI, 98%) (Alfa Aesar, United Kingdom)
was used as a coupling agent. Dialyzed water (18.2 MQ cm),
phosphate-buffered saline (PBS; 137 mmol L~! of NaCl,
2.7 mmol L~! of KCI, 10 mmol L~! of Na,HPO,, 1.8 mmol L~!
of KH,POy,, pH 7.4), 95% ethanol were used in the work.

Immobilization of APS and PMIDA, as well as TagGFP2 on
MNPs, was confirmed by IR spectroscopy. The IR spectra were
recorded on a Nicolet-6700 infrared Fourier-transform spectro-
meter (Thermo Electron Corporation) equipped with a Smart
Orbit diamond ATR accessory. The scanning region of ATR
spectra was 400—4000 cm~!, the number of scans was 64. The
mass fraction of carbon was determined using an automatic
PE-2400 CHN analyzer, series Il (Perkin Elmer). Fluorimetry
(Cary Eclipse spectrofluorometer, Varian) and UV spectroscopy
(UV 2401 PC spectrophotometer, Shimadzu) were used to
determine the amount of immobilized protein, the region of
registration was 190—1100 nm).

To plot the calibration curve, distilled water (3 mL) was
added to a quartz cell using a dispenser. Then, protein solution
in PBS (from 1 to 50 uL) at a concentration of 2 mg mL~! was

added with a dispenser. The absorption and luminescence spectra
were recorded at an excitation wavelength of 460 nm for each
sample. Using the collected data, a graph of the area under the
luminescence curve in the region of 450—600 nm versus concen-
tration was plotted. The concentration C (mol L~!) was calcu-
lated using the formula

C(mol L~1) = C(mg mL~1) + 4/(27000 + 3),

where A is the aliquot in mL, 27000 is the molecular mass of the
protein, 3 is the volume of distilled water in the cell (mL).

In further experiments, the data on the luminescence of the
samples under study were used to determine the protein concen-
tration (mol L—!) based on the calibration curve (see Fig. 2).

Synthesis procedure of Fe;04 MNPs. Synthesis of MNPs was
carried out according to a previously published procedure.15:16
Saturated ammonia solution (3 mL) was added to a solution of
FeSO,4+7H,0 (0.278 g, 1.0 mmol) and FeCl;+ 6H,0 (0.541 g,
2.0 mmol) in water (10 mL) with stirring by a mechanical stirrer
and treatment with ultrasound until pH 11 was reached. After
30 min, the MNPs were precipitated using an external magnet
and washed with deionized water to pH 7. The obtained MNPs
were stored as an aqueous colloidal solution. According to trans-
mission electron microscopy (TEM) results (Philips CM30, FEL,
Netherlands), the phase composition of the obtained nano-
particles corresponded to magnetite, the average particle dia-
meter was 11 nm. The specific magnetization of saturation was
80 Gs cm3 g~ ! (vibration magnetometer with a magnetic field up
to 2.2 mA m~!, IMP UrB, Russia).

Synthesis procedure of MNPs 1. Synthesis of MNPs 1 was
carried out according to a previously published procedure.17:18
A solution of PMIDA (0.286 g) in water (100 mL) was added to
a suspension of MNPs in water (135 mL, a concentration of
2 mg mL~1) (4.3 mmol of PMIDA per | g of MNPs) with stirring.
After 1 day, the resulting suspension was centrifuged for 10 min
at 5000 rpm (to remove large particles), then 10 min at 17000 rpm
(to remove excess PMIDA). The precipitate was re-suspended
in water to obtain a suspension of MNPs 1 with a concentration
of 1.2 mg mL~L. The amount of carboxy groups on the surface
of MNPs was 0.57 mmol per 1 g of MNPs.

Synthesis procedure of MNPs 2. Synthesis of MNPs 2 was
carried out according to a previously published procedure.15:16
A solution of APTMS (142 uL) in EtOH (15 mL) was added to
a suspension of MNPs in EtOH (135 mL, a concentration of
2 mg mL~!) (3 mmol of APTMS per 1 g of MNPs) with stirring.
After 1 day, MNPs 2 were precipitated in a magnetic field, washed
with EtOH and water, re-suspended in water using ultrasound to
obtain a colloidal solution of MNPs 2 with a concentration of
4.0 mg mL~!. The amount of amino groups on the surface of
MNPs was 0.60 mmol per 1 g of MNPs.

Immobilization of TagGFP2 on MNPs 1 (3—5) (general pro-
cedure). To obtain MNPs with TagGFP2 protein immobilized
on their surface, water (or PBS) (4.0 mL) was added to a suspen-
sion of MNPs 1 (0.14 mL, 0.17 mg, 1.9+ 10~7 mol of COOH
groups) and the mixture was treated with ultrasound for 3 min.
Then, a freshly prepared aqueous solution of EDC « HCI1 (0.20 mL,
7.4+ 10~ mol) was added and the mixture was allowed to stand
for 1 h. A solution of TagGFP2 (0.10 mL, 0.20 mg, 7.4 + 10~° mol)
was added to the suspension with activated MNPs; the reaction
mixture was kept for 4 h at room temperature (~25 °C) and
then for 12 h at 4 °C. Afterwards, MNPs were precipitated
by an external magnetic field, washed with water, precipitated,
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and redispersed in water (1.5 mL). The absorption and lumines-
cence spectra of the filtrates were recorded.

Immobilization of TagGFP2 on MNPs 2 (6—8) (general pro-
cedure). To immobilize TagGFP2 on MNPs, water (or PBS)
(4.0 mL) was added to a suspension of MNPs 2 (0.06 mL, 0.24 mg,
1.7+ 10~7 mol of NH, groups) and the mixture was treated with
ultrasound for 3 min. Afterwards, a freshly prepared aqueous
solution of EDC (0.05 mL, 1.7 « 10~7 mol) was added. A solution
of TagGFP2 (0.10 mL, 0.20 mg, 7.4 « 10~ mol) was added to the
obtained suspension of MNPs; the reaction mixture was allowed
to stand for 4 h at 25 °C and then for 12 h at 4 °C. The nanopar-
ticles were precipitated by an external magnetic field, washed with
water, precipitated, and redispersed in water (1.5 mL). The ab-
sorption and luminescence spectra of the filtrates were recorded.

TagGFP2 production. The recombinant protein TagGFP2
containing six histidine residues (His6-tag) at the N-terminus
was expressed in E. coli cells (Rosetta DE3) transformed by
a plasmid vector pQe-30-TagGFP2 (Evrogen, Russia) according
to the standard protocol.22 The protein was purified by metal
chelate chromatography, using Ni-NTA-agarose (Qiagen,
Germany). The purity (<95%) and correspondence of the mo-
lecular weight of the isolated protein (28 kDa) were determined
by denaturing gel electrophoresis in polyacrylamide gel with an
addition of sodium dodecylsulfate (SDS-PAGE).23 The con-
centration of protein TagGFP2 was determined using the Brad-
ford method,24 bovine serum albumin (Sigma) was used as
the standard.

The study was conducted using the equipment of
the Center for Joint Use "Spectroscopy and Analysis of
Organic Compounds".
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the State assignment theme (AAAA-A19-119011790130-3).
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