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Introduction

It is known that FAD is an important cofactor for Nox isoform, as an electron carrier from NADPH to Fe(l11) of the heme group,
then to molecular oxygen, restoring it to O, [1,2]. On the other hand, the thermostable Nox is isolated from thermostable
microorganisms [3]. However, the role of FAD as a factor in changing the conformation and thermostability of Nox isoform has
not yet been determined.

The aim of the present work was to determine the conditions under which thermostability and autonomous production of
superoxide radicals in the absence of NADPH dramatically increased.

Material and Methods
Isolation and purification of the total fraction of the Nox isoforms (Nox* Nox?)

The total fraction of highly purified and terminal Nox isoforms (Nox**Nox?) from EM and LCM was isolated and purified by a
licensed method, using the process of complex formation of exogenous ferrihaemoglobin from red blood cells of donor blood with
Nox isoforms on the surface of these membranes and their release in the soluble phase [4]. Next, anion-exchange chromatography
on cellulose DE-52 ("Whatman", England), gel filtration on G-100 sefadex ("Pharmacia”, Sweden) and fractionation with ethanol
mixture with chloroform (1.5 ml ethanol with 0.9 ml chloroform, for 10 ml of Nox solution) to remove traces of ferrihemoglobin
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was carried out.
Determination of O,- production by the isoforms of Nox

As a marker of O,- production of Nox isoforms, the process of adrenaline oxidation in adrenochrome (at 500 nm) by superoxide
radicals was used, with the determination of the rate of an increased density of maximum optical absorption of adrenochrome, in
the absence and presence of Cu, Zn-SOD at varying temperature (25, 50 and 100°C) [5].

Optical absorption spectra of Nox isoforms were recorded on a Cary 60 spectrophotometer (USA), with an optical range of 1 cm.
The results were statistically processed by Student's t-test; F-test (M £ m, n=6).

Results and Discussion

The shape of the optical absorption spectra of isoforms of fNox from EM and LCM of rats after direct isolation and purification,
and at 10 minute-15 minute incubation at 25°C (FIG.1) and 100°C (FIG. 1) differs sharply. However, after 10 minute-15 minutes
of incubation of nfNox isoforms in a boiling water bath at 25°C (FIG.1-b1) and 100°C (FIG.1), the shape of the optical absorption
spectra practically does not change, although the density of the characteristic maximum optical absorption y-bands (absorption of
the Nox heme group at 412 nm) and B-absorption bands (at 530 nm) slightly decreased.
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FIG.1. Optical absorption spectra of the total fraction of isoforms of fNox (6.10- 5 M) from EM of donor human blood
during incubation at 25°C (al) and 100°C (a2) for 10-15 minutes. The given parameters for nfNox from EM following
incubation at 25°C (b1) and 100°C (b2). Similar results are obtained for the Nox isoforms from LCM and are not
presented. Proteins are dissolved in 0.1 M potassium phosphate buffer at pH 7.4.

This increases of the density of maximum optical absorption at 365nm, with a corresponding increase in the optical spectral index
(A365/A530). This for fNox from EM and LCM is 3.2 £ 0.01 (p<0,05, n=6) and 3,6+0,03 (p<0,05, n=6), respectively. These data
for nfNox are 4,3+0,04 (p<0,05, n=6) and 4,5+0,03 (p<0,05, n=6), for nfNox from EM and LCM, respectively.

An increased A365/A530 ratio for nfNox is the first distinguishing feature between nfNox and nfNox. This may be due to a certain
advancement of the FAD group [6] in the nfNox molecule during storage under the above conditions, causing, in general, a
conformational change in the isoforms of the given Nox.

The second distinguishing feature between fNox and nfNox isoforms from EM and LCM is due to the fact that the conformational
change in nfNox isoforms caused by an increase in the A365/A530 value leads to a sharp increase in the thermal stability of
nfNox. The shape of the optical absorption spectra of nfNox practically does not change and the rate of production of Op-(tga)
increases exponentially during incubation of nfNox solution and adrenaline for 10 minute-15 minutes at 25°C, 50°C and 100°C
(FIG. 2).
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FIG.2. A-Kinetic curves of adrenochrome formation (at 500 nm) as a result of oxidation of adrenaline (4.10-4M) by
superoxide radicals produced by nfNox (2.10-5) isoforms from EM or LCM at 100°C (1), 50°C (2) and 25°C ( 3), in the
absence and presence of 2.10-8M Cu,Zn-SOD at 25 and 50°C (4). At the same time, Cu,Zn-SOD is thermally stable up to
60-65°C. b - The rate of adrenochrome formation (tg of the slope of the angle of kinetic curves) - A500/ min at 25, 50 and
100°C. (p<0,05, n=6), in the absence of exogenous NADPH.

A third characteristic feature between fNox and nfNox is that nfNox produces O,- in the absence of NADPH. In fact, we are
recording experimentally reliable results, on the basis of which we accept that this is a speculative conclusion. Under the
conditions of the given (so far undetermined) changes in FAD in the composition of Nox isoforms during storage, thermal
stabilization of Nox isoforms occurs. It is possible that under these conditions, FAD plays a role in an electron carrier mechanism
from the corresponding reducing component in the Nox molecule to the O, molecule, reducing it up to O,-. At the same time, there
is a sharp increase in thermal stability and the rate of production of O,- in the absence of NADPH. Molecular mechanisms of such
thermal stabilization associated with a possible change in hydrophilic and hydrophobic bonds in the composition of the molecule
of the given Nox isoforms are also not excluded [7,8].

Thus, thermal stabilization of Nox isoforms of mammals under storage conditions is a new phenomenon and makes it possible to
use these nfNox at high temperatures in various fields of biomedicine and biotechnology as natural, monocomponent and energetic
sources of O,. production in the absence of NADPH.

REFERENCES

1. Debeurme F, Picciocchi A, Dagher MC, et al. Regulation of NADPH oxidase activity in phagocytes: relationship between
FAD/NADPH binding and oxidase complex assembly. J Biol Chem. 2010;285(43):33197-208.

2. Picciocchi A, Debeurme F, Beaumel S, et al. Role of putative second transmembrane region of Nox2 protein in the structural
stability and electron transfer of the phagocytic NADPH oxidase. J Biol Chem. 2011;286(32):28357-69.

3. Nisar MA, Rashid N, Bashir Q, et al. A highly thermostable NAD (P) H oxidase from Thermococcus kodakaraensis exhibiting
higher enzymatic activity with NADPH. J Biosci Bioeng. 2013;116(1):39-44.

4. Simonyan RM, Simonyan GM, Simonyan MA. The method of isolation of isoforms of NADPH oxidase (Nox) from
biosystems. Licence invention N2828. 2014.Yerevan, Armenia.

5. H P Misra, | Fridovich. The role of superoxide anion in the autoxidation of epinephrine and a simple assay for superoxide
dismutase. J Biol Chem. 1972;247(10):3170-5.

6. Macheroux P. UV-visible spectroscopy as a tool to study flavoproteins. InFlavoprotein protocols. Humana Press. 1999:1-7.

7. Kumar S, Tsai CJ, Nussinov R. Factors enhancing protein thermostability. Protein Eng Des Sel. 2000;13(3):179-91.

8. Tigerstrém A. The Biologist's forum: Thermostability of proteins. Bios. 2005;76(1):22-7.


http://www.tsijournals.com/
https://www.jbc.org/article/S0021-9258(20)47201-1/fulltext
https://www.jbc.org/article/S0021-9258(20)47201-1/fulltext
https://www.jbc.org/article/S0021-9258(20)57551-0/fulltext
https://www.jbc.org/article/S0021-9258(20)57551-0/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S1389172313000212
https://www.sciencedirect.com/science/article/abs/pii/S1389172313000212
https://pubmed.ncbi.nlm.nih.gov/4623845/
https://pubmed.ncbi.nlm.nih.gov/4623845/
https://link.springer.com/protocol/10.1385%2F1-59259-266-X%3A1
https://academic.oup.com/peds/article/13/3/179/1466666?login=true
https://bioone.org/journals/BIOS/volume-76/issue-1/0005-3155(2005)076%5b0022:TBFTOP%5d2.0.CO;2/The-Biologists-Forum-Thermostability-of-proteins/10.1893/0005-3155(2005)076%5b0022:TBFTOP%5d2.0.CO;2.short

