PROCEEDINGS OF THE YEREVAN STATE UNIVERSITY

Chemistry and Biology 2024, 58(1), p. 35-43
Biology

RABBITS ARGINASE | AND II:
ACTIVITY AND pH SENSITIVITY OF SELF-FORMATION POLYPEPTIDES

S. M. HOVHANNISYAN ¥*, E. K. BARSEGHYAN 2, N. V. AVTANDILYAN **

1 Research Institute of Biology,
Laboratory of Basic and Pathological Biochemistry, YSU, Armenia
2 Chair of Biochemistry, Microbiology and Biotechnology, YSU, Armenia

Protein-protein interactions underlie supramolecular self-formation structures
(including enzymes). Nowadays, they have a crucial role, as they contribute to the
creation of biological substances with a certain function. Due to their unique
properties, proteins, and enzymes have been widely studied in the last few years
and their important roles in health and various diseases have been proven from this
point of view, many enzymes are characterized by the process of self-formation
(“self-assembly”) depending on different conditions. Such an enzyme is arginase
(including isoenzymes | and 1), which can be considered as a biomarker clarifying
the pathological conditions of the organism. Based on this, we aimed to create
simple fractal models and study the changes in oligomeric structure (depending on
pH and time) during the reversible inactivation of rabbit arginase | and Il and
elucidate the unique aspects of “self-assembly”. We have shown that the “false”
oligomers formed in the process of protein “self-assembly” in vitro can appear as
intermediate structures endowed with enzymatic activity.
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Introduction. Most of the biological functions in the cell are carried out with
the participation of enzymes or through their mediation. Enzymes often function as
complex and highly ordered systems containing multiple polypeptide chains. For the
formation of such systems, proteins must have specially arranged sections on their
surface, ensuring a certain connection with other system components. There are
several common ways to study the structural features of enzymes, including acid
inactivation (denaturation) and subsequent reactivation (renaturation) of proteins,
which in turn can disrupt the homeostasis of intracellular metabolism, leading to the
development of metabolic diseases. All this is the basis for assuming that the “self-
assembly” of the polypeptide chain is a directed process and takes place in stages
[1]. It plays an important role in biological systems, as many cellular structures result
from the self-assembly of proteins or lipids, such as intermediate filaments and
vesicles [2]. A polypeptide chain in a protein cannot adopt all possible conformational
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states, because denatured proteins lack an ordered surface. Consequently, they
cannot effectively communicate with other components of the system, as changes
are made to the spatial structure of the protein. This process requires a specific period
and optimal conditions (such as pH and temperature). Any change in an enzyme’s
properties can contribute to a conformational transition unless significant bioche-
mical or structural changes occur. The preservation of the characteristic enzyme
conformation is possible due to the formation of multiple weak bonds between
individual segments of the polypeptide chain [3]. As a result of a slight change in the
internal environment, a conformational change can be observed, even at the level of
the 1ll and IV structure, which significantly modifies the functions of the protein
[4, 5]. Such changes can occur under the influence of various factors, starting from
dilution of the solution to denaturing factors, changing the pH of the environment,
and others. According to literature data, changes in pH can depend on the state of
acidic and basic groups and the degree of ionization. A change in pH can influence
the permeability of the cell membrane, thus changing the distribution of substances
and ions on both sides of it. Metal ions and low-molecular organic compounds
participate in that process too, but hydrophobic interactions and hydrogen bonds
have a greater effect, their cumulative effect is often sufficient for forming a
quaternary structure. All this contributes to the violation of the conformational
stability of enzymes is the basis for the pathogenesis of many human diseases [6].

In contemporary biomaterial design, various innovative strategies incorporate
self-assembled structures, leveraging supramolecular interactions as a key driving
force. One such biomolecule of interest is the arginase enzyme, which exists in
different isoforms, notably cytoplasmic arginase | (hepatic arginase) and mito-
chondrial arginase Il. While primarily produced in the liver, arginase is also present
in non-hepatic tissues, such as the kidney, brain, mammary gland, and prostate gland,
where the complete ornithine cycle is absent. In these organs, arginase plays a role
in the homeostasis of L-arginine and participates in the biosynthetic biotrans-
formation process, including the synthesis of polyamines, glutamate, and proline,
thereby regulating the L-ornithine metabolic pathway [7-9]. A common feature of
all arginases thus far studied, whether of eukaryotic or prokaryotic origin, is a
requirement of divalent cations for activity. Mn?* is the physiologic activator,
although the divalent cation requirement for some arginases has been reported to be
satisfied by Co?* and Ni?* [10]. Based on the mentioned above, the study of this
problem will allow the development of targeted measures and create simple fractal
models that will regulate the biological processes of organisms [11-14].

The research will contribute to understanding the degree of instability and
variability of the enzyme’s conformation and the mechanisms of correction.
Considering all this, the research work aims to study the changes in the activity of
rabbit arginase I and I1 (kidney, brain) enzymes, which were subjected to deactivated
(under acidic conditions) and reactivated (under basic conditions). The reactivation
was performed with different ions, in different pH conditions, to evaluate the
properties of self-assembled “pseudo-polypeptides”. We considered the main facts
of the research on the example of a model of reversible inactivation of type I and Il
arginase and carried out experimental work to evaluate the activity and pH
optimum of the denatured enzyme and the self-assembled polypeptides formed in
this process.
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Materials and Methods.

Chemicals and Reagents. All chemicals and reagents were purchased from
“Sigma-Aldrich GmbH” (Taufkirchen, Germany).

Animals. The experiments included 5 male rabbits (Oryctolagus cuniculus
ssp. domesticus) with a mass of 800-1200 g. The animals maintained a 12 h light/12 h
dark cycle at 18-23°C, for experimental research livers, Kidneys, and brains of
animals were used. The organs separated from the animals were carefully dried with
filter paper, weighed, and subjected to homogenization in a Daihan — Homogenizer
(Germany) at +4°C.

Ethical Approval. Animal research was approved by the National Center of
Bioethics (Armenia) and according to regulations outlined in the 2010/63/EU
(2010/63/EU, 2010) [15].

Arginase Activity. The modified Diacetyl Monoxime colorimetric method
was employed to assess the arginase activity in tissue homogenate [15]. The intensity
of the yellow color was measured spectrophotometrically at a wavelength of 487 nm
(Genesys10, USA) [16].

Arginase Deactivation and Reactivation. Acid inactivation of the enzyme
was carried out under the influence of 0.05 M glycine-HCI buffer (pH 4) at room
temperature. The reactivation of inactivated arginase was carried out with 0.05 M
glycine-NaOH buffer (pH 9.5) at +20°C, in the presence of Mn?*, Ni?*, and Co?*
chlorides (25 umol in 1 mL of the test sample).

Statistical Analysis. The obtained results were presented as the mean values
(M £SD). Statistical analyses were performed using GraphPad Prism 8 software (San
Diego, USA), and a significance level of p < 0.05 was deemed statistically significant.

Results.

The Change of the Activity of Arginase I (Liver) as a Result of the Reversible
Inactivation of pH-Dependent “Self-Assembled” Polypeptides. Based on literature
data and the aim of our work, in the first stage, the change of arginase | activity was
evaluated depending on different pH conditions and hours. For this, first of all, the
activity of arginase was evaluated under optimal conditions of pH 9.5. In the next
stage, its reactivation was carried out under conditions of pH 4.5, followed by its
reorganization with metals Mn?* (a), Ni (b), and Co?* (c) at pH 7.4, pH 8.6, pH 9.0,
pH 9.5, pH 10.0. Moreover, at all pH values the activity of the reconstituted enzyme
was evaluated in 24 h, 48 h and 72 h. The results showed that in the case of
reactivation with Mn?* (Fig. 1, a) at pH 7.4, a decrease in arginase activity was
observed at 24 h and 48 h by 26% and 23%, respectively, compared to the control
group. And in the 72" h, the activity increased by about 3% compared to the control
group. As for pH 8.6 and pH 9, in this case, almost the same picture was observed
as in the conditions of pH 7.4. Under conditions of pH 9.5 and pH 10, compared to
the control group, enzyme activity decreased by about 21-25% at 24 h and 48 h.
In the 72" h of the given pH, the activity of the enzyme increased by about 3-5%.
In the case of reactivation with Ni?* (Fig. 1, b), enzyme activity decreased by 53%
at 24 h and 48 h compared to the control group at pH 7.4. At pH 8.6, the activity
decreased by 43% and 55% at 24 h and 48 h, respectively. And at 72 h, activity
increased by 18%. At pH 9, the activity decreased by about 50% at 24 h and 48 h
and on the 72" h, it increases by 10%. At pH 9.5 and pH 10.0, almost the same



38 RABBITS ARGINASE | AND II: ACTIVITY AND pH SENSITIVITY...

picture was observed: at 24 h and 48 h, the activity decreased by 43-45%, and at
72 h, the activity increased by 8%.
_— 24h Em 72h 48h _Reactivation with Co% _(Fig. 1, ¢), the
following results were obtained: enzyme
104, . activity decreased by 35% and 15% at 24 h
oo L[4 5 L and 48 h, respectively, compared to the
i control group at pH 7.4. At the same pH,

06 activity increased by 18% at 72 h. At pH 8.6,
0.4 the activity decreased by 28% and 15% at
24 h and 48 h, respectively, but at 72 h,
activity increased by 15%. At pH 9.0, the
a) o0 activity decreased by about 21% at 24 h and
1o - . 48 h. And in the 72" h, it rose by 31%.

i i L —— " AtpH 9.5, there was a 21% decrease at 24 h,
08l NN an 8% decrease at 48 h, and a 57% increase
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E 08 in activity at 72 h. At pH 10.0, activity

B o4 decreased by 28% and 21% at 24 h and 48 h,

respectively. The obtained results indicate

02 that Co?* polypeptide activity is higher at pH

b) oo 9.5, although Mn?* was the actual cofactor in
the native enzyme cofactor.

15 The Change of the Activity of

. - - Arginase Il (kidney) as a Result of the

g 10 ’— ’— [} F . Reversible Inactivation of pH-Dependent

£ .| “Self-Assembled” Polypeptides. The next

7 s phase of research was to evaluate the change

of arginase Il activity in both kidney and

c) 0o brain homogenates. For each experiment,

oH74 pHes pHe pH9s pHio  has been selected a control with a suitable

Fig. 1. The change of the activity of pH-depen- pl'_|, with Mn?* _servmg as a coenzyme
dent “self-assembled” polypeptides: a) Mn?*; (Fig. 2, a). In this case chosen same con-
b) Ni%*; c) Co®* as a result of the reversible ditions, as mentioned above, such as hours
inactivation of mammalian arginase I (liver): 24 h, 48 h, and 72 h, and different pH values.
n=5 *-p<0.05 *-p<00L The change of enzyme activity in kidney
homogenate at 24 h at pH 7.4 was recorded as follows, enzyme activity decreased
by about 54% at 24 h, 59% at 48 h, and 57% at 72 h compared to the control group.
At pH 8.6, the change in activity relative to the control group decreased as follows,
63-66% at 24" and 48" h, and 49% at 72" h. At pH 9, compared to the control group,
the activity decreased by about 57% at 24 h, and at 48 h and 72 h almost the same
rebound was observed with activity decreased by about 66%. The enzyme activity
at 24 h at pH 9.5 decreased by about 66%, and at 48 h and 72 h, by 69% and 62%,
respectively. In the case of pH 10.0, compared to the control group, the activity
decreased by about 58% in the 24" h, by 60% in the 48" h, and by 65% in the 72" h.
In the case of reactivation with Ni?* (Fig. 2, b), the following changes were
observed: at pH 7.4, compared to the control group, arginase activity decreased by
59% at the 24" h, by 64% at the 48" h, and by 40% at the 72" h. At pH 8.6, enzyme
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activity decreased at 24 h, 48 h, and 72 h, correspondingly by 59%, 67%, and 64%.
At pH 9, the decrease in activity was recorded as follows: 65% at the 24" h, 71%
at the 48™ h, and 61% at the 72" h. At pH 9.5, activity decreased by 64%, 75%,
and 40% at 24 h, 48 h, and 72 h, respectively. At pH 10.0, arginase 2 activity
decreased by about 68% at 24 h and 48 h, and by 41% at 72 h.

As for the reactivation of the
enzyme with Co?* (Fig. 2, c), the activity
of the enzyme was also decreased

06| » r particularly in the case of pH 7.4, the
activity decreased by about 62% at the

0. T 24" h, at the 48" h by 60%, and at 72" h
H H H by 54%. In the case of pH 8.6 and pH 9,0,

mC 24h 48h @ 72h
0.8

487nm
-

b almost the same results were recorded,
arginase activity at 24 h, 48 h, and 72 h
decreased by 63%, 57%, and 50%, respec-
0.8 tively. Change of arginase activity under

pH 9.5 conditions was recorded as follows:

o —‘ T 54% reduction at 24 h, 66% at 48 h, and
0. ‘ | | approximately 51% at 72 h. At pH 10.0, a

0.0

487nm
Y

decrease in enzyme activity was also

observed, by about 62%, 67%, and 53% at

24 h, 48 h, and 72 h, respectively.

0-0 The results of arginase Il (kidney)

0.8 studies showed that, unlike hepatic
arginase reactivation, the activity of self-

06— assembled Ni2* polypeptide exceeded
. T other versions (Mn?* and Co?") at pH 9.5
' H H at the 72" h (Fig. 2, b).
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The Change of the Activity of

Arginase Il (Brain) as a Result of the

Reversible Inactivation of pH-Depen-

PHT.4 pHEE pHI pHIS PHI0  dent «Self-Assembled” Polypeptides. The
Fig. 2. The change of the activity of pH- Cchange in arginase Il activity in brain
dependent  “self-assembled”  polypeptides: homogenate is dramatically different from
a) Mn?*; b)Ni**; c) Co** as a result of the rever- - the change in arginase Il activity in kidney
sible inactivation of mamirlalian arginase II: homogenate. In this case, in the case of
n=5"-p<0.05*-p<00L reactivation with Mn2* (Fig. 3, a), compa-

red to the control group, an increase in activity was observed at all pH values only
at the 72" h. The data showed that at pH 7.4, the enzyme activity decreased by about
29% at the 24" h, by 53% at the 48" h, and increased by about 3 times at the 72" h,
At pH 8.6, it decreased by about 41% at 24 h and 32% at 48 h. At hour 72, activity has
increased by about 2.3 times. Enzyme activity at pH 9.0 decreased by 57% at 24 h,
50% at 48 h, and increased by about 2.5 times at 72 h. At pH 9.5, arginase activity
decreased by about 69%, and by 73% at 48 h. At the 72" h, it increased by about 1.2
times. In the case of pH 10, in the 24" and 48™ h, the activity of the enzyme decreased

0.

[N

c)
0.0
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by 66% and 71%, respectively, and in the 72" h, it increased by about 1.3 times.
The results were obtained by comparing them to the control group of each group.

In the case of reactivation with nickel
and cobalt metals, enzyme activity decreased
0.8 at all pH values compared to the control

*k o
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- . . group. In particular, reactivation with nickel
' 51 > (Fig.3,b)atpH 7.4 enzyme activity decreased

by 19% in the 24" h, by 78% in the 48" h, and

by about 87% in the 72" h. At pH 8.6, activity

decreased by 30%, 84% and 25%, respec-

I I tively, at the 24", 48" and 72" h. At pH 9,
0.0 arginase activity decreased by about 33% at
05 = the 24" h, by 45% at the 48" h, and by about
60% at the 72" h. At pH 9.5, enzyme activity

- decreased by about 60% at 24 h, by 88% at
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The following results were obtained
upon reactivation with Co?* (Fig. 3, ¢). At pH
7.4, activity decreased by 18% at 24 h, 73%
0.5 = at 48 h, and 82% at 72 h. At pH 8.6, the

following changes were observed, activity
decreased by 34% at 24 h, 79% at 48 h, and
25% at 72 h. At pH 9.0, enzyme activity de-

0.2 P B F creased by 43%, 88%, and 46% at 24 h, 48 h,
N1 AT AL

pH7.4 pHB86 pHY pHO5 pH10

0.4

0.3

487nm

and 72 h, respectively. At pH 9.5, enzyme
activity decreased by 65% at 24 h, 86.5% at
48 h, and 65% at 72 h. At pH 10.0, enzyme
activity decreased by 64%, 82%, and 66% at
Fig. 3. Change in activity of pH-dependent 24 h, 48 h, and 72 h, respectively.
“self-assembling” polypeptides: a) Mn**; The data obtained in the process of
b) Ni#'; ¢) Co as a result of reversible  gaqctivation of brain arginase 11 showed that
inactivation of mammalian arginase I the activity of Mn2* polypeptide was signifi-
(brain): n=5; *-p<0.05 **-p<0.01. . )

cantly increased at all pH values and higher
than the baseline at the 72" h (Fig. 3, a).

The results of the research work show that deactivation contributes to the
change of spatial structure of the enzyme. Particularly, under the conditions used in
this research work reactivation of the inactivated, enzyme made 40-70% at 24—72 h,
under different pH values (7.4, 8.6, 9.0, 9.5, and 10.0). The reactivated polypeptides
showed the highest catalytic activity in significantly different pH conditions such as
(arginase 1 Co?*>Ni**>Mn?*, arginase Il (kidney) Ni?*>Co?*>Mn?", arginase I
(brain) Mn?*>Co?* =Ni?*) depending on the degree of reactivation (Figs. 1-3).

At different pH values, the enzyme’s active center can be in a partially ionized
or non-ionized state, which is reflected in the 11l structure of the protein, activity,
and enzyme-substrate subject. Analysis showed that liver-type arginase | is more

0.1

c) oo
pH7.4 pHB6 pHO pHO5 pH10



HOVHANNISYAN S. M., BARSEGHYAN E. K., AVTANDILYAN N. V. 41

stable under acid inactivation conditions compared to arginase Il (kidney, brain)
[17]. The functional forms of arginase inactivated under acidic conditions (pH 4.0)
were reactivated (pH 9.5) by the presence of Mn?* (physiological cofactor) and Co?",
Ni2* cations, and “self-assembled” as a result of the inactivation of arginase I and I1.

Discussion. Thus, enzymes adapt to stress conditions by increasing their
instability, a property enabling them to effectively respond to various environmental
factors. Changes in arginase stability, possibly induced by weakened bonds with its
promoters or divalent ions, may represent a biologically targeted mechanism for
regulating enzyme activity. Upon deactivation, arginase changes spatial structure
and charge, affecting its activation degree under specific conditions and the process
of oligomeric structure formation. Reactivated oligomers exhibit maximal catalytic
activity under significantly different pH conditions.

At varying pH levels, the enzyme’s active center can exist in a partially
ionized or non-ionized state, impacting its protein structure (including its tertiary
structure), activity, and enzyme-substrate interactions. Environmental shifts can
induce conformational changes in enzymes, leading to activity loss, denaturation, or
altered enzyme molecule charge.

Enzyme conformation, encompassing its primary, secondary, tertiary, and
quaternary structure, plays a crucial role in the pathogenesis of various human
diseases. Understanding enzyme structure stability can help elucidate pathogenesis
in certain human diseases. Additionally, enzyme molecules possess structural featu-
res that can either facilitate or impede the formation of pathological conformations.

Our study, employing simple fractal models, sheds light on processes involved
in protein self-assembly, enables estimation of enzyme self-assembly rates, and
emphasizes the critical stage of self-assembly the formation of cores.

Conclusion. Summarizing the results of the work, it should be noted that in
the protein “self-assembly” process in vitro, the formed in vitro “false” polypeptides
can maintain enzymatic activity. Studies of the activity and pH sensitivity of
mammalian arginase | and Il, “self-assembling”’polypeptides, allow us to obtain
information about the nature of the functional groups included in the composition of
the active center of the enzyme, and their ionizing properties and characteristics of
the cofactor connection. All of this can be used in biomedicine, to prevent different
types of diseases

These results will serve as a basis for further. They will allow us to create new
animal models that have different diseases, and elucidate the molecular mechanism
of “self-assembly, due to the change of activity of diverse enzymes.
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wnwigpuyhlt $nidyghw nibtignn Jhhuwpwiwmyub yniptph untnddwin:
bptitg  jnipwhwunnily hwnnipnibttiph 2tinphhy  uwyhwmwynigipp W
dipititmbbpn quybnptt nunidtwuhpdty 6o Ytpehtt h pwtth mwuphbtiphén
wyqugnigyti £ tipubg uplinp nipp mupptip hhqubtinnipnibiitiph dudwbtwl:
Wju mbuwliyniihg jub puqiwphy tpdtbnbtp, npntp phnipugpynd Go
wnmwpptp yuydwbbtphg jupgud htptwhwjupdwi gnpopbpwugny: Wnuhuh
dtipdtiintiinhg £ wipghtgp (bhpunyuy I W I hgnytipdttuntitip), npp jupnn
nhuwunplyty npwbu opquithquh wwipennghwljwd wuydwbbtpp wwpqupubing
Jhhuwwdwpytip: Glatny wyju witihg” dtitp tyyunwl) nititihip untindt)] wwupg
Ppuljnuy Unntijbtp b nuniduhnly) ojhgnitipuyht junnigywudph thnthnpuna -
pynLbbbpp” juhjuwd pH-hg b dudwbwlyhg Gwgquph wipghtiug I W II ppetijh
htwljnhyugiwi ptpwgpnid b wupquipwit] «hipbwhwgupdwby iquijh Ynn-
ubinp: Wprynitphipp gnyg Lo wtiy, np uyhwmwynigh in vitro «hipiwhwupdwbn
gnpopfipugnid wnwewgwud «ytind» ojhgnitinitipp Jupnn G Gbipuywiug
nputiu dhowtijjuy Junnigguidplitin® odungud ptpitiiinuyht wljuimhynipjudp:

C. M. OTAHECSH, E. X. BAPCETSIH, H. B. ABTAHIWJISIH

AKTUBHOCTbD 1 pH-4YBCTBUTEJIbBHOCTb CAMOCBOPHbBIX
[HOJIMIIEIITUAOB KPOJIMYBEU APTMHA3BI | U I

BenkoBo-6enkoBble B3aMMOJIEHCTBHUS JIe)KAaT B OCHOBE CYNPaMOJIEKYJISIPHBIX
caMo(OpPMHPYIOIIUXCS CTPYKTYp (B TOM uuncie ¢pepMeHToB). B HacTosimee Bpems
BBISICHEHO, YTO MM MPHUHAIJICKHUT peliamomas pojb B CO3JaHUM OHOIOTHYECKUX
BEIIECTB C ONpeIeNIeHHBIMA QYHKIMSIMU. B mociieiHne HeCKOIBKO JIeT YHUKaJIbHbIE
CBOMCTBa O€JIKOB M (pEepMEHTOB MIMPOKO M3YHAIHCh M OblIa JOKa3aHa MX BasKHAs
pOJIb B Pa3NMUYHBIX 3a00JeBaHUSAX. Tak CyIIeCTBYeT MHOXKECTBO (DEPMEHTOB, IS
KOTOPBIX XapaKTepeH Tporecc camopopmupoBanus (“‘caMocOOpkH™”) B 3aBUCH-
MOCTH OT Pa3HbIX ycioBUi. OTHUM U3 TaKUX (EpMEHTOB SIBIISICTCSA apruHasza (B TOM
yucie n3opepmentsl | u 1), KOTOpylo MOXKHO paccMaTpuBaTh Kak OMOMapkep,
MATOJIOTHYECKOTO COCTOSHUS opraHu3Ma. OCHOBBIBAsCH Ha ATOM, MBI CTPEMHIIUCH
co3aTh MPOCThIE (pakTaJbHbIE MOACIH W HU3YyYUTb H3MEHEHHUS! CTPYKTYpHI
onuroMepoB (B 3aBucuMoctd oT pH M BpeMeHH) mpu 0OpaTHMOW WHAKTHUBAIIUH
Kponuuber apruHasbl | u II, a Takke BBISICHUTh YHHUKaJIbHBIE aCIEKTHI €€ “‘camMo-
cOopkn”. Hamu nokaszaHo, 4To “JOXHBIE” OIMTOMEPHI, 00pa3yrolecs B mpolecce
“camocOopku” OenkoB N Vitro, MOryT mnpeicraBisiTh COOOW NPOMEXYTOUHBIE
CTPYKTYpHI, HaJIeJIeHHbIE (DEpMEHTaTUBHOW aKTHBHOCTBIO.



