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Abstract

Understanding the based-on drug or drug conjugates to reach the beneficial
optimally recognized by the immune system requires multidisciplinary ap-
proaches and detailed of albumin as the key circulating a transporting/trans-
mission and antioxidant protein of blood drug interaction. Albumin, in re-
duced form (mercaptoalbumin, HMA), with antioxidant ability and altera-
tions/deteriorations in the redox status of human serum albumin (HSA) under
oxidative stress formation in infection diseases and its complications strongly
modifies albumin antioxidant capacity. The aim of this study was the investi-
gation of carbonyl/oxidative stress and pseudo-esterase activity of mercaptol-
bumin and oxidized HSA models. HSA (P. pastoris) purchased from Med-
ChemExpress (USA) was used for study to model oxidative stress, HSA in re-
duced (intact) form was treated with H,O,, tert-butylhydroperoxide (t-BHP)
and chloramine T (CT). The content of HSA-bound carbonyl groups de-
creased in under treatment with t-BPH- and CT-reduced HSA and more less
extent in case of H,O,-treated. Fatty acid-free HSA and mercaptoalbumin
(HMA) advanced oxidation protein products (AOPP) concentrations were
significantly lower than in H,O, loading reduced HSA by 123% and 235%, re-
spectively. The total thiols level was lower in HMA + CT compared to reduced
HMA by 51% and even increased after treatment of HMA with H,O,. Pseudo-
esterase activity of HMA maintains >65% in the presence of hydroperoxide
and occurs pronounced loss in the presence of chloramine T. Hydrogen per-
oxide at physiological concentration about 10 pM occurs less damage of re-
duced from of HSA then t-BPH and CT, and unlike t-BPH and CT, without
significantly changes in pseudo-esterase activities.
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1. Introduction

Malaria is a life-threatening disease induced by parasites of the Plasmodium fal-
ciparum species, exacerbated by resistant strains of Plasmodium and lacks effec-
tive vaccines and drugs. Survival, growth and multiplication of malaria parasites
are strongly dependent on redox balance and oxidative stress, hydrogen peroxide
(H,0,) redox signaling in pathogen-host cell interactions and involved in the tar-
get action mechanism of various antimalarial drugs [1] [2]. Moreover, degrada-
tion of hemoglobin as a result of P. falciparum induced oxidative stress during its
intraerythrocytic life cycle, leads to the generation, significantly higher amount of
H,0O,, with the ability to selectively oxidize reactive cysteine residues in protein,
and albumin as particularly. Thus, H,O,-dependent redox-signaling mechanism
and molecular targets of changes H,O,-mediated signaling in P. falciparum cellu-
lar damage and tissues injury can contribute to deciphering parasite-host cell in-
teractions and mechanisms of drug action and resistance. Moreover, it was sug-
gested that oxidation modification of plasma proteins, predominantly albumin
and fibrinogen, and as a result hyperproduction of its advanced oxidation protein
products (AOPP), as one of the inflammatory markers, could be a candidate for
biomarkers of malaria progression, anemia development [3]. One of the pathways
of development of new drug for rational therapy and to overcome of the spread of
parasites resistance is elaborated the strategy management based on susceptibility
of the Plasmodium and others parasities, viruses and infections insights into dis-
turbances, the redox balance and oxidative insults induction. Continuous
strengthening of oxidative stressors substances during its intraerythrocytic cycle
internal prooxidants derived in cytoplasm, degraded the hemoglobin to peptides
and amino acids, and releases heme (Fe?*) which converts into hemin (Fe’**), acted
as a long-range and fast acting signaling molecule for generation of superoxide
anion that dismutase’s to H,O, [4] [5]. Peroxidative actions depended on soluble
free hemin which then accumulated of chloroquine into the digestive vacuole of
Plasmodium and resulting in oxidative damage to membranes, proteins, and
DNA, etc. [6] [7]. Furthermore, generation of H,O,, the most important reactive
oxygen species (ROS) in cells controls protein functions of redox-sensitive pro-
teins and enzymes, usually by selectively oxidizing of cysteine (Cys) reactive resi-
dues. Antioxidant properties of HSA with normal serum concentration about 35
- 50 g/L and 70% - 80% of one redox active Cys 35 (from 34 Cys residues in BSA) in
reduced/sulthydryl form [8] [9] assumed that H,O, diffused from the source to the
target protein, where it collides with the target thiol and directly introducing a

mildly pro-oxidative state (hydrogen peroxide at a low physiological concentration
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of 10 nM on the susceptibility of protein (albumin) to glycation, particularly at
physiological) [10]. This oxidation-driven H,O,-induced oxidation hypothesis was
also tested on reduced albumin (mercaptalbumin) on the assumption that commer-
cially source native albumin would be already partly oxidized and whether in vitro
modification of albumin by low level of radicals lead to loss thiol group content.
Moreover, the well-known antimalarial drug, chloroquine increases oxidative ef-
fects in the parasite through increased soluble free hemin and the most active pro-
oxidant as 8-hydroxyquinoline (a phenolic compound), thus did not promote oxi-
dation. Increased peroxidation produced by chloroquine depended on hemin and it
was evidenced in presence of H,O, [5]. However, neither molecular targets nor reg-
ulatory mechanisms and dynamics changes of H,O,-mediated signaling in P. falci-
parum have been clearly understanding, including the differences in the mecha-
nisms of H,O, or other agents oxidative and/or carbonyl stress modified in key
transporting and more abundant protein of plasma, human serum albumin, and its
relation to functioning of HSA efficacy. Overall, present work defined the dif-
ferent posttranslational modifications of main antioxidant molecule in human
blood albumin, generated by thiol oxidation and revise its properties and possi-
ble biological function, pseudo-esterase activity, and advanced oxidation protein

products (AOPP) formation, as oxidative stress biomarker.

2. Materials and Methods

All materials (reagent) were purchased in form of analytical grade, and all solu-
tions were prepared in deionized and/or bidistilllated water. Serum Albumin/ALB
Protein, Human (P. pactoris) (HSA) was purchased from Med Chem Express
MCE) USA. HSA dissolved in sodium phosphate buffer (1 M, pH 7.4) and 0.02%
NaN;j as a preservative. 1,4-Dithiothreitol (DTT), 5,5’-dithiobis(2-nitrobenzoic
acid) (DTNB, 99%), Sigma, 2,4-Dinitrophenylhydrazine (DNPP), hydrogen per-
oxide 30% (Meck Mellipore), Ascorbic acid and tert-butylhydroperoxide (t-BHP)
were purchased from Merck, Germany. The salts of Phosphate buffered saline (PBS)
were of analytical grade (8.77 g/L NaCl, 1.28 g/L Na,HPO,, 1.36 g/L KH,PO,, ad-
justed with 50% NaOH to pH 7.2 - 7.4). Highly purified water was obtained by
deionization and filtration with a Millipore purification apparatus (18.2 MQ-cm
at 25°C).

2.1. Preparation of Reduced Form of HSA (Mercaptoalbumin)

In nondenaturating conditions in which about one third of cysteine-34 of HSA is
disulfide-bonded to glutathione or cysteine and this can be reversed by mild re-
duction with DTT [11] [12]. To HSA solution added of one equivalent of dithio-
threitol (10 pmol). The reaction was carried out for 1 h at 37°C and DTT
washed/dialyzed away from HSA with 0.1 M potassium phosphate buffer, pH 7.4,
using an Ultracel 30 K device (Millipore, USA). Mercapto-HSA prepared by this
procedure contains 0.84 + 0.05 mol-SH/mol HSA, as determined with 4.4 dithio-
dipyridine (DTDP) using &4 = 19,800 [13].
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2.2. Preparation of oxidized HSA
2.2.1. Induction of Oxidative Stress by Strongly Pro-Oxidant Molecule,
Chloramine T

300 uM of HSA was reacted with 10 mM CT in phosphate buffer, pH 7.4 for 2 h
at 37°C. All samples were incubated darkly in the closed vials at a temperature of
37°C with continuous shaking (50 rpm). The incubation mixtures contained HSA
at a final concentration of 0.08 mM. For measurements of the effects of additive
on protein oxidation, HSA and investigated drug were incubated with 20 mM

chloramine T for 60 min [14].

2.2.2. Induction of Oxidative Stress by Pro-Oxidant Molecule, Hydrogen
Peroxide

The concentration of H,O, stock solution (0.4 M), typically 30% (v/v) H,O,
(Sigma Aldrich, Sweden) was determined spectrophometrically accurately using
a molar extinction coefficient £ = 39.4 M™' cm™ at 240 nm. 0.4 M of H,O, was
diluted with PBS to the concentration 5 mM. Then 2 ul of H,O, was added to 1 ml
of albumin (100 uM) (final concentration of hydrogen peroxide in albumin solu-
tion was 10 uM, as a physiologically relevant concentration at inflammatory con-
ditions [15] and 300 u of H,O; oxidized all thiols in HSA [16]). After 1 h incuba-
tion HSA was dialyzed once (cellulose dialysis tubes membrane, MWCO 14,000)
against PBS (5 mM, pH 7.4) (4 h at 4°C on automatic stirrer) to eliminate H,O,.
At the end of dialysis, the concentration of proteins was measured again (3 times
in each sample) according to Thermo Scientific™ Pierce™ BCA Protein Assay Kits
instruction manual and expressing data as HSA equivalents (HSA; mg mL™) or

%

determined spectrophotometrically on the assumption that the E".,, was 5.30 at

278 nm and the molecular weight of HSA was 66,000 [17].

2.2.3. Induction of Oxidative Stress by Pro-Oxidant Molecule, Tert-Butyl
Hydroxyperoxide (t-BHP)

Oxidative stress was induced by the addition of 2 pl #BPH (7.778 M was diluted
with PBS to the concentration 50 mM) to 1 ml HSA (100 pM) solution at 37°C
(final concentration of t-BHP in albumin solution was 100 uM). After 1 h incu-
bation HSA was dialyzed at the same manner as in case of hydroperoxide stud-

ying.
2.3. Analysis of Thiol Group Content

The sulthydryl contents in 1 pM HSA determined at pH 7.4 in 0.1M potassium
phosphate buffer with equimolar levels of Ellman’s (DTNB-5,5’-dithio-bis-(2-ni-
trobenzoic acid) reagent). HSA with or after chemical modification was mixed
with phosphate buffer (10 mM, pH 8.0) and the absorbance at 412 nm was meas-
ured (Ap). Then the DTNB 1 M in phosphate buffer (10 mM, pH 8.0) was added
to the mixture and incubated for 1 h at 37°C in the dark. At the end of incubation,
the absorbance of samples measured again at 412 nm (A,). The absorbance differ-
ences were calculated as follows A = A, - A,. The sulthydryl concentrations meas-

ured spectrophotometrically at 412 nm using molar absorption coefficient & =
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1.415-10* M~-.cm™ against blank after 30 min at t = 25°C temperature [18] and

expressed as nmol/mg protein or mol thiols/mol protein.

2.4. Analysis of Carbonyl Content

The antioxidant capacity of albumin was measured in accordance with the
method of [19] by measurement of carbonyl content, as an oxidative stress
marker. The HSA carbonyl residues performed by 2,4-dinitrophenylhydrazine
(2,4-DNPH) assay [Protein Carbonyl Assay Kit according to manufactures in-
struction (Cayman Chemical Co., SA)]. Samples were submitted to 10 mM 2,4-
DPNH in 2.5 M HCI for 1 h, followed by deproteinization with 20% TCA. The
pellet washed three times in ethanol/ethyl acetate and solubilized in guanidine
6 M. The amount of protein hydrazine produced is quantified as the absorption

! was used to

at 370 nm, and the molar extinction coefficient of 22,000 M™'.cm~
interpret the data as mol DNPH reacted/mg protein [20] [21]. The concentra-
tion of C = O is expressed per total protein content (nmol/mol protein) and
normalized absorbance of protein and calculated carbonyl concentration by

Beer-Lambert Law.

2.5. Advanced Oxidation Protein Products Assay (AOPPs) as
Oxidative Stress Markers

The level of AOPPs formation determinates via a spectrophotometric detection
performed by Witkko-Sarsat et a/ [22] 100 pL of protein were acidified with 20
puL of acetic acid and then added 1 mM CT (n-chloro-p-toluene sulfonimide
sodium salt) in volume of 1 ml, time of incubation 60 min. The 4.0 fold excess
of sodium thiosulfate (20 uL) was used to eliminate the residue of unreacted CT
hydrate. AOPP-HAS was also prepared by exposing red HSA (100 mg/ml) to
hydrogen peroxide (100 mM) and dialyzed overnight against PBS. The assay
was calibrated using chloramine-T and absorbance read at 340 nm. AOPPs’

concentrations were expressed as pMol of chloramine-T equivalents.

2.6. Pseudo-Esterase Activity Measurement

HSA at final concentrations 15 uM in 67 mM potassium phosphate buffer, pH 7.4
preincubated at 25°C for 5 min, and then added 500 uM of p-nitrophenyl acetate
for 5 min in this condition acetylation of only Tyr 411 sites occurs [23]. Reaction
terminated using chilled ethanol (0.5 mL) [24] and monitoring the absorbance of
the released product, p-nitrophenol, spectrophotometrically at Aws = 400 nm,

molar absorption coefficient £= 17,700 M™-cm™.

2.7. Statistical Analysis

The experiment was performed in three series, each time in duplicate. SPSS v.22.0
was used for statistical analysis of the data. Data are shown as average values from
at least three experiments * standard deviation (SD). Experiments containing two

groups of data were analyzed using Student’s t-test for independent samples;
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differences were considered significant when p < 0.05.

3. Results

Albumin, human or bovine, is protein responsible for maintaining the redox state
of the plasma, regulating osmotic pressure and distributing fluids and transporting
function of various ligands. Albumin in its redox form, mercaptoalbumin (HMA),
exerts antioxidant effect by binding of many types of biological active molecules
and ions to prevent ROS (such as H;O,, O, , HOCI, ONOO™ and etc.) and which
capable of trapping several reactive species by one active free sulthydryl groups of
Cys 34, for example. Markers of HMA oxidative damage, significantly decreased
antioxidant activity greater in the presence of chloramine T > tBHP > H,O.. Early
it was shown H,O,, one of the major oxidants generated in neutrophils, and a
substrate of myeloperoxidase, did not, unlike HOCIL, convert HSA into chaperone
like holdases, and thus occurs potentially less detrimental positive feedback loop
for neutrophil protection and highly immunogenic foreign antigens formation
[25].

3.1. Relationship between Specify of Oxidation and Thiols and
Carbonyl Content in Reduced HSA

Induction of oxidative stress in HMA in vitro by incubated with H,O,, t-BHP (10°
mol-L™) and Chloramine T caused a significant increase in carbonyl content after
10 h of incubation, reached a plateau after 72 h 72 h treatment (Table) and longer
times of incubation resulted in the development of turbidity, indicating the dena-
turation of the protein that’s failed to increase the amount of these groups. The
clearly detectable increase in the amount of albumin-bound carbonyl groups was
found for t-BPH-HMA and CT-HMA and to a lesser extent, in case of H,O,-
HMA. In contrast, the total thiols level was lower in HSA.q + chloramine T com-
pared to reduced HSA (mercaptoalbumin) by 51%.

The effects hydrogen peroxide, chloramine T and t-BHP on albumin oxidation and esterase activities.

Modifications state of Mol Carbonyl
HSA groups/mol HSA

Total thiols, AQOPP, Esterase-like activities
mol SH/mol pmol/mg pmol NP/min/pmol

protein protein HSA
HSA, free of fatty
. 0.06 £ 0.01 0.25 £ 0.05 30+5 1.54 £ 0.14
acids
HSAra (+DTT 1 . . .
0.04 £ 0.04 0.88 £ 0.08 20+ 4 1.28 £ 0.08
mM)-mercapto-HSA
HSAa + H2O 1.9+
¢ 0.08 + 0.01% 67 + 77 1.42 +0.08
(10 umol) 0.1 ###0A
- 0.65 + 98 + er
HSArea + tBHP 012£0027% S s 0.78 + 0.04"###44
HSArea + Chloramine 0.26 + 0.43 + 131 + 0.28 +
T 0.06***###AAA 0'06“*###AAA 1 1*“###AAA 0.03***###AAA

Note: significance of difference in comparison: *with HSA free fatty acid, *with HAS red, *with HSAre
+ H20:, "HSA rea+ tBHP; one symbol-p < 0.05, two-p < 0.01, three-p < 0.001.
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3.2. Relationship between Specify of Oxidation and Advanced
Oxidation Protein Products AOPP of Reduced HSA

Treatment of HSA.s (HMA) with CT induced pronounced increased in AOPP
and protein carbonyl concentrations (rise in 6.5 fold and 6.55 fold respectively),
while under treatment with tBPH only in 3.0 and 4.9 fold respectively.

At baseline, FA-free HSA and mercaptoalbumin AOPP concentrations were
significantly lower than in H,O, loading reduced HSA by 123% and 235% respec-
tively and strongly correlated with the carbonyl content (r = 0.81, p < 0.001) (Ta-
ble).

3.3. Relationship between Specify of Oxidation and
Pseudo-Esterase Activities of HSA

The serum albumin exhibits an esterase activity which can hydrolyze p-nitro-
phenyl acetate and convert it to p-nitrophenol [23] due to acetylating of highly
reactive negatively charged tyrosine group at position 411 in HSA (410 in BSA).
The pseudo-esterase activity practically not affected in the case of treatment HSA
with H,O,, whereas significantly depressed in HSA + tBHP and more pronounced
in HSA + Chloramine T (Table).

4. Discussion

Prolonged and persistent Plasmodium falciparum infection with or without
symptoms involves a strong interrelationship between oxidative stress and path-
ogenesis, and oxidative stress strengthening could result in adverse malaria out-
comes and may lead to complications. The malarial parasite augments oxidative
stress to weaken the host and exerts antioxidant effects against host defense mech-
anisms. However, the anti-malarial drugs induce oxidative insult to reduce para-
sitic load and exert antioxidant activity in hosts and/or pro-oxidant activity in
parasites. Using cell imaging with the cytosolically and mitochondrially expressed
H,0O, biosensors biotechnology, in asexual blood stages of stably transfected P.
falciparum NF54-attB parasites [26], were provided results, that the mode of ac-
tion of some antimalarial drugs and some of the novel antimalarial compounds
includes disturbance of H,O, homeostasis and in addition, degradation of haemo-
globin leads to the generation of H,O, within the malaria parasite and in blood.
Carbonyl (CO) groups (aldehydes and ketones) are produced on protein side
chains (especially of Pro, Arg, Lys, and Thr) when they are oxidized. These moie-
ties are chemically stable, which is useful for both their detection and storage. The
key pathophysiological relevance of the non-oncotic properties of blood albumin
as a major target-protein for oxidative modifications [27]-[32] and stronger than
ascorbic acid free radical’s scavenger properties. Free radical’s induces post-trans-
lation alterations that in sum expressed as AOPP, can further induced ROS pro-
duction in cells and tissues, which coupled to, and promotes, inflammation and
immune cell activation, thus sustaining the existence of a feedback loop and cir-

culated in the body oxidized albumin acts as a damage-associated molecular
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pattern, with immunogenic activity [33]. From the table, it can be seen that the
activity of H,O,-HSA is the same as that of native HSA (p > 0.1). In contrast, the
activities of CT-HSA were much reduced and to the same level (p > 0.1). HSA was
mildly oxidized by treatment with a H,O, (H,O,-HSA), t-BPH (t-BPH-HAS) or
chloramine-T (CT-HSA) in in vitro oxidation model. According to the detailed
study of Finch ef al [34], the SH-group of **Cys and Met residues have been oxi-
dized in the case of H,O,-HSA. According to these authors, chloramine-T also
oxidizes Cys and Met residues. Tested the effect of chloramine-T on the Met res-
idues of albumin preparations by CNBr fragmentation and SDS-PAGE showed
that Met residues were oxidized to methionine sulfoxide in CT-HSA and to a
lesser extent in H,O,-HSA. It was reported that the catalytic activity of HSA is
exhibited by the reactive residue Tyr 411 present in subdomain IITA with different
catalytic cleavage mechanisms. When ligand molecules bind to the subdomain re-
gion, they may interfere with the catalytic activity of HSA. The t-BPH, as greater
hydrophobicity agent than hydroperoxide, penetrates/conjugates more easily with
Cys 34 located in 10 angstrom wide hydrophobic pocket in HSA, and thus occurs
more damaging of this region of albumin. Early was shown that, t-BPH in contrast
to H,O,, completely inhibited peroxiredoxin-4 activity of HSA, however, both lig-
ands/oxidants resulted in the same oxidative damage leading to sulfinic acid for-
mation in Cys residues [35]. Moreover, was demonstrated that AOPP-HSA pos-
sesses the ability to activate isolated monocytes in vitro as predictor of respiratory
burst, is dependent of the chlorinated nature of the antioxidants and initiated by
CT and hypochlorite, but not H,O; in range 10 — 100 p [22] [25]. Plasma AOPP
levels were predictive for anaemia and oxidative stress markers for clinical malaria
infection in children [3]. Hydrogen peroxide at sublethal concentrations affects
S.aureus general fitness and leads to a downregulated genes, predominantly in-
cluded in pyrimidine [36]. Moreover, obtained data that treated of mercato-HSA
with H,O, practically did not change the catalytic activity towards p-nitrophenyl
acetate, which is predominantly associated with the conformation state of subdo-
main IITA of HSA close proximity to *°Arg and *'Tyr [37], unlike induced by CT
pronounced decrease in pseudo-esterase activity could indicate that hydroperox-
ide-inducible alterations in mercapto-albumin caused conformational changes
which increase the distance between the *°Arg and *"'Tyr active groups [38] in less
extent than chlorination modification. From the other side, on the model of oxi-
dative modified HSA induced by the changes in microenviroutment could lead to
disturbances in port-translational modification of HSA, which act as the primary
carrier for various exogenous and endogenous compounds and free radicals, and
alter the pharmacokinetic properties of several drugs. Beside the already known
and pharmacologically used antimalarial drugs such as quinolines and artemis-
inins, the development of new medicines with dual-action increases oxidative
stress in malaria parasites by elevating intracellular H,O, levels and decreases the
damage oxidative associated complications for blood proteins whchi remain the

actual problem and medical parasitology and pharmacology [27], the most
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important reactive oxygen species (ROS) in cells.

5. Conclusion

The implications of hyperproduced free radicals in physiopathogenesis of various
infectious diseases and its complications, and malaria as particularly, in which
erythrocytes infected with P. falciparum produced OH" radicals and H,O, about
twice as much compared to normal erythrocytes [27], gave ground to suggest a
crucial role of oxidative stress in clinical manifestation and systemic complications
of parasite-induced diseases. Long regarded as a toxic byproduct that can damage
macromolecules including DNA, proteins and lipids [28], H,O is increasingly rec-
ognized as an important cellular signaling molecule with regulatory functions [29]
[30]. HyO; selectively oxidizes reactive cysteine residues and thereby controls
functions of redox-sensitive protein—HSA. The esterase-like property seems es-
pecially useful in converting prodrugs to active drugs in plasma and its activities
significantly decrease under treatment of HSA with t-BPH and CT, but not hydro-
gen peroxide. Thus, research efforts aim to expand reduced HAS’s ability to interact
with more different drugs in order to improve the delivery of various pharmaco-
logical drugs remained as important problem in rational medicine and diagnos-

tics.
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