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The aim of the work was to study changes in the structure of oligomer during reverse
inactivation on the example of a hepatic arginase of a rabbit to understand the unique aspects of
type I mammalian hepatic arginase. It was shown that by presence of Ni** cation the "self-formed"
oligomer is 1.3-1.8 times more active than the reactivated oligomer by presence of Mn ™ cation.
It was also shown that the enzyme’s physiological stimulant Mn*" almost 20% inhibits the
catalytic activity of Ni?" oligomer.

Reverse inactivation — “self-organized” — “molten globule” — hepatic arginase I—Ni** oligomer
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[lemr1o paboTH ABIANOCH M3YUeHHE M3MEHeHMI CTPYKTYPEL OJIMTOMEPOB B TIpoliecce obpa-
THMOIl HHaKTHBAIlMH Ha IPHMepe TEUSHOTHOH aprHHassl | Kpomika, ¢ IeNbKo BLIACHCHHA YHH-
KalIbHEIX CTOPOH TIeUeHOYHOM apriHaskl | TrIa MIeKoNMTaronK. BEUIO MOKazaHo, 9To B MPH-
cyTeTRHH Katrona Nitt “camooprammsyronmimiica” ommromep B 1,3-1,8 pasa aKTHRHee, UeM peakTH-
RUPORAHHBIH OTHIOMep B TIPHCYTCTRIN kaThoHa Mn®" Takwe BERITO MokasaHo, uTo (GIBHONOTH-
weckmii axTepatop depmerta Mn®' moury ma 20 % MHIHGMPYET KATATHTIIECKYIO AKTHBHOCTE
Ni** omrromepa.

Obpamuman uxnarmusayus — “camoopaanusayus”— “pacniastenias
: 2+
enobyna” — neuénounoe apzunasa I —Ni°' oruzomep

Formation or “self-formation” of the spatial structure of a globular protein
is a complex and phase process.

Not all proteins retaining their primary amino acids sequence may be renatured
in vitro, as protein aggregation is a barrier to renaturation. A big complexes of fibrillar
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proteins and many globular oligomeric proteins aren’t usually renatured. Membrane
proteins, which can reach to their functional state only with lipids’ participation,
are difficult to renature [1].

The basic experimental facts and other simple physical models have been
observed by several authors, who explain the processes occurring during “self-
formation”. This allows us to evaluate the rate of proteins’ “self-formation” and
identify the most important part of “self-formation” - “core packing”. The process of
forming a three-dimensional structure from a polypeptide chain is one type of
denaturation study and subsequent renaturation [3].

Loss of ability to restore the native conformation of individual proteins in vivo
leads to the formation of several pathological conditions of the organism. Studying the
mechanisms of regulation of nitrogen metabolism is one of the important problems of
modern biochemistry. And the study of this problem will allow us to develop targeted
resources, those will regulate the vital functions of organisms.

The task of the presented work based on modern approaches to the “self-
formation” of proteins’ structure in order to study reverse inactivation of the
globular-hydrophilic- oligomeric type I arginase protein and oligomer’s structure
changes during that time. The purpose is to understand the unique aspects of type I
mammalian hepatic arginase.

Materials and methods. The main experimental facts were discovered by us: an example
of amodel of reverse inactivation of type | hepatic arginase and experiments were carried out
for evaluating the rate of denatured proteins’ “self-formation” and for underlining main
factors influence on this process.

The experimental object is a rabbit (ORYCTOLAGUS CUNICULUS DOMESTICUS)
with the mass of 1600-2400 grams. The animals were kept a temperature of 18-23°C, a
correlation 12/12 hour night/morning with a standard diet.

Animals liver were used for experiments. 2.5 and 10 % homogeneities of the test tissue
were prepared using distilled water. The homogeneity was centrifugate 20.000 G 30min at
0-4°C in cold conditions (IIJIP-1, Russia). The extracted extract served as a source of enzyme.
The enzyme hydrolyzes L-arginine to L-ornithine and urea. The optical density of the final product
(urea) is determined of spectrophotometric method (Genesys 10S UV-Vis, Thermo scientific,
USA) at a light length of 478 nm.

The acid inactivation of enzyme was carried out by affect to 0.05 M glycine-HCI
buffer (pH 9,5), under conditions of +20°C and +4°C, in the presence of divalent cations: Mn®*
(physiological stimulant) and Ni?* chlorides (25 pmol in 1 ml of test tube). During the
experiments were also studied those variants of the enzyme preparation | arginase, where the
concentration of Ni?* 12.5umol in 1 ml of test tube, taking into consideration that fact, that
high concentration of metal ions in some cases have an inhibitory effect.

Results and Discussion. Such as an experimental object was used partially
pure 2.5 and 10 % enzyme preparations of rabbit liver’s I arginase. We studied the
role of Mn®" and Ni®" cations in acid inactivation and reactivation of rabbit liver’s
| arginase.
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Fig. 1. Reverse inactivation (pH 4) and reactivation (pH 9.5) by presence of 25 umol/ml Mn** (2.5 %
enzyme preparation, n=5, p<0.05)

122



STUDY OF PROTEIN MEDIATORS “SELF-FORMATION” PROCESSES IN RABBIT LIVER ARGINASE AS EXAMPLE

The results are presented in figures 1 and 2. The first figure we shows asa
result of reverse inactivation (pH 4), the enzyme activity decreased by 68,5 % (18 h),
and as a result of reactivation of the arginase activity by presence of 25 pmol/ml
Mn® ion pH 9.5, after 24 h reactivation 70 % (fig.1).
In the presence of Ni?* ion, enzyme activity after reactivation is 19 %
higher, then by presence of Mn?(fig. 2).
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Fig. 2. Reverse inactivation (pH 4) and reactivation (pH 9.5) by presence of 25 pmol/ml
Ni?" (2.5% enzyme preparation, n=5, p<0.05)

The aim of the next phase of the experiments were to identify the difference in
activity of the formed oligomers in the case of a difference in the concentration of Ni?*
cations. And study the effect of Mn?* and Ni** cations on “self-formed” oligomers.
The results of studies are presented in 3-5 figures. After 18 h inactivation (pH 4)
enzyme’s activity decreased by 59.5 %, and after 72 h reactivation arginase’s activity,
by presence of Mn?" 25 umol/ml and at pH 9.5 was 81 % (fig. 4). By presence of
Ni?* jon 12.5 pmol/ml, the activity of the "self-formed” oligomer was equivalent to
the activity of reactivated Mn?* oligomer (fig. 3). And in the case of 25 umol/ml
concentration of Ni’* ion , the resulting oligomer was active by 10%, than starting
point (fig. 5).

In separate phases of the “self-formation” process, a cation Mn*'- physiological
stimulant for the enzyme was added to the incubation environment of Ni*
variants to understand its effect on the formed oligomers.

By presence of Mn®* cation in incubation variants was recorded lower
activity, which were 78 % and 98 % (comparative figures 3 and 5).
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Fig. 3. Reverse inactivation (pH 4) and reactivation (pH 9.5) by presence of 12.5umol/ml Ni?*
(10 % enzyme preparation, n=5, p<0.05)

At the same time, “self-formed” oligomers showed higher activity at the 24"
and 48™ hours of renaturation, then at the 72™ hour of renaturation.
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Fig. 4. Reverse inactivation (pH 4) and reactivation (pH 9.5) by presence of 25 umol/ml Mn?*
(10% enzyme preparation, n=5, p<0.05)

According to Finkelstein[4] low temperature contribute to stabilization of
native conformation and increase the packing rate. For this reason, in some
experiments, the last phase of protein renaturation was carried out under +4°C
condition, and after 72 h of reactivation, the studied variants had 60-80 % higher
activity, then starting point.

14

o
w
i

« / N

pemiVin 2+ stimulant

478nm)

E (A=
)
E)

)
=

= Ni 2+ stimulant

£

]

Fig. 5. Reverse inactivation (pH 4) and reactivation (pH 9.5) by presence of 25 pmol/ml
Ni?* (10% enzyme preparation, n=5, p<0.05)

Aggregation of deactivated subunits is a disruptive factor in the process of “self-
formation”, and the probability of aggregation increases with increasing temperature and
protein concentration. Therefore, spontaneous packing of the polypeptide chain is
more productive in dilute solutions and at low temperature [2].

By presence of Ni?* ion (12.5 pmol/ml), the activity of the "self-formed"
oligomer was equivalent to the activity of reactivated Mn?*(25 pmol/ml) oligomer.
In cause of equivalent concentrations Ni?* and Mn?* cations, by presence of Ni®*
cation "self-formed" oligomer is 1.3-1.8 times more active than the reactivated oligomer
by presence of Mn %" cation. But physiological stimulant Mn?* almost 20 % inhibits

the catalytic activity of Ni?* oligomer.
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