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CELL BIOLOGY

The research of neurospecific proteins and lysosomal
peptidehydrolases in frontal neocortex during forming
conditioned reaction of active avoiding of rats
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Dynamics of the activity of neuronal cell adhesion molecule (NCAM) and lysosomal cysteine cathepsins B,
L, H was researched in frontal neocortex of rat brain during forming a conditioned reaction of active
avoiding. The quantitative estimation of NCAM content in the neocortex membrane fraction was carried on
by ELISA in 3, 7, 14 and 21 days after starting animals’ training. The dynamics correlation between the
NCAM content increasing and cysteine cathepsins activity was obtained, especially for aminopeptidase
cathepsin H during the process of memory engram forming in frontal neocortex of rat brain.
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Introduction. The problem of neurochemical and mo-
lecular mechanisms of neurological memory is one of
the most urgent tasks of medical and biological investi-
gations [1]. Neurological memory is formed, kept, and
reproduced on different levels, starting with molecular,
supramolecular, subcelullar ones, and ending with
intercellular level, where synapses, neuromediators,
hormones, and neurospecific proteins mediate the
interaction of neurons [2, 3].

One of the types of cell contacts is adhesion interac-
tion, which takes place at the assistance of membrane
glycoproteins — molecules of cell adhesion. Neuronal
cell adhesion molecule (NCAM) is a neurospecific pro-
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tein, providing cell adhesion in interactions of
neuron-neuron or neuron-matrix type [4]. NCAM par-
ticipates in synapse mechanisms, which are the founda-
tion of learning and memory [5]. A significant concen-
tration of this protein was determined in pre- and
post-synaptic membranes of neurons, which evidences
to its participation in synaptic modifications, caused by
neuronal and impulse activity. It is known that learning
is based on the processes, related to the increase in the
number of synapses and participation of various synap-
tic and membrane mechanisms of plasticity in the asso-
ciative process [3]. Due to the activity of extraordinary
stimuli, along with destructive processes in the organ-
ism there is evident development of proliferative ones,
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depending on a single common factor — the status of
lysosomal apparatus of the cell. In both types of pro-
cesses the key positions are given to lysosomes. They
play the role of initiative object and provide control
over the progress of destructive disorders in the organ-
ism [1, 4]. The relation of activation of lysosomal ap-
paratus to pathological changes in the organism is
common knowledge. It is much harder to determine
the role of lysosomes in adaptive-restoring processes,
taking place due to extraordinary stimuli. While
studying neurochemical and molecular mechanisms of
neurological memory, the common practice is to regis-
ter changes (molecular and/or cytological), capable of
remaining for a certain time, which occur in the pro-
cess of learning, memorizing, and adaptation to any
type of influence.

This is an urgent and complicated task, solving
which would allow managing adaptive reactions of the
organism, including memory [5].

An important role in the formation of long-term
memory is given to the exchange of proteins, necessary
constituents of which are processes of proteolysis and
modification [6]. The lysosomal enzymes are known to
participate in degradation of proteins, which come to-
gether with axoplasmic flow, with subsequent use of
amino acids in the formation of new proteins in the syn-
aptic site directly [7]. About 65-80% of soluble
lysosomal peptidohydrolases are cysteine
peptidohydrolases [8], including the most active ones —
cathepsin B (EC 3.4.22.1), cathepsin L (EC 3.4.22.15),
and cathepsin H (EC 3.4.22.19). Their biological func-
tions are related to internal and external cell proteolysis
and processing of proteins and peptides. The increase in
the level of proteolysis is a sign of neuronal degenera-
tion or dysfunction of brain areas of aged people, e.g.
activation of cysteine cathepsin B was determined at
Alzheimer’s disease [9, 10]. The study on the features
of restricted proteolysis reactions allows understanding
the role of cysteine cathepsins in the functioning of a
complicated adaptive system of the organism, which in-
cludes the processes of forming, keeping, and repro-
ducing mnemonic traces taking into account the
significance of specific brain formations, which play
the decisive role in them [11].

To enhance the understanding of neurochemical
mechanisms of neurological memory, we researched

changes in the activity of lysosomal cysteine cathepsins
B, L, H and in the content of NCA in the frontal neocor-
tex of rat brain during the formation of conditioned
reflex memory.

Materials and Methods. The research was carried
out on 79 Wistar line rats, weight 180-230 g. To esti-
mate the dynamics correlation of cathepsins B, L, H ac-
tivity and the content of neurospecific protein NCAM
in the process of forming memory engrams we used the
conditioned active avoidance response (CAAR) [3] asa
model of mnestic reactions. The selection of this model
was caused by the possibility of testing the status of the
process of forming memory engrams on each day of
learning. Conditioned active-defensive skill was
formed in Y-type labyrinth with electrified floor of
compartments. The light irritant was selected for condi-
tioned stimulus and nociceptive electrostimulation —
for unconditioned reinforcement. The training of ani-
mals was conducted in six sessions per week with 10
connections of conditioned signal to unconditioned
reinforcement until reaching the training criterion of
95% passing to the lit compartment, which took place
before the introduction of nociceptive stimulus. The
animals were decapitated in 2 hours after the training
sessions. All the operations with brain tissues were
conducted at 0-4°C.

The indices of forming engrams of conditioned re-
flex memory, NCAM content, and the activity of
lysosomal cysteine cathepsins B, L, H in frontal neocor-
tex of control and laboratory rats were analysed after 3,
7, 14, and 21 days of CAAR formation. NCAM content
was determined in the membrane fraction of frontal neo-
cortex using ELISA. We used the variant of inhibiting by
antigen [12], and showed NCAM concentration in pg/g
of tissue. The free activity of cathepsins B, L, and H was
determined in 10% solution of homogenates in 0.025 M
tris-buffer, pH 7.4, containing 0.15 m NaCl and 1 mM
EDTA [6]. The activity of cathepsin B was studied by
the breaking up of p-nitroanilide
N,a-benzoyl-D,L-arginine (BAPA) (Fluka, Switzer-
land) [13], the activity of cathepsin L — by hydrolysis of
1% azocasein, denaturated by 3 M urea [14], and the ac-
tivity of cathepsin H — by hydrolysis of 2-naphtylamide
L-leucine (Leu-HA, Koch-Light Laboratories, UK) [15].

The specific activity was determined in 1 ml of in-
cubation mixture with preliminary incubation of en-
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The dynamics of NCAM content and the level of free activity of
cysteine cathepsins B (a), L (b), H (¢) in the frontal neocortex of rat
brain in the process of forming conditioned reflex memory: / —
NCAM (ug/g of tissue), %; 2 (a) — cathepsin B (pmol of
p-nitroaniline per 1 min per 1 mg of protein), %; 2 (b) — cathepsin L
(conventional units per 1 min per 1 mg of protein), %; 2 (c) —
cathepsin H (umol of 2- naphtylamine per 1 min per 1 mg of
protein), %; M+m, n=8; *p and **p <0.05, compared to the control
for NCAM and cathepsin, respectively

zymes for 15 min in the presence of 2 mM of
2-mercapthoethanol and 2 mM Na,-EDTA. The activ-
ity was shown using the following substrates: BAPA —
in pmol of p-nitroaniline per 1 min per 1 mg of protein;
Leu-HA — umol of 2-naphtylamine per 1 min per 1 mg
of protein; azocasein — in conventional units of adsorp-
tion at 366 nm per 1 min per 1 mg of protein. Bradford’s
method was used to perform the quantitative estimation
of total protein in the samples [16].

Statistical processing of results was performed ac-
cording to [17].

Results and Discussion. The research proved the
correlation between the changes in concentration of the
membrane-bound form of NCAM and the free activity
of investigated cysteine cathepsins B, L, and H in fron-
tal neocortex of rat brain during the formation of condi-
tioned reflex memory.
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The specificities of dynamics of the content of
neurospecific protein NCAM in the membrane fraction
and of'the free activity of lysosomal cysteine cathepsins
B, L, and H on the background of changes in
neurospecific protein NCAM while forming CAAR are
presented in Figure (a, b, c, respectively).

The specificity of dynamics of the activity of
cathepsin B was its probable decrease by 33 and 35% (p
<0.05) on the 3" and 7" days of training (Figure, a) and
its increase by 57% on the 14" day, compared to the
control. The tendency to increasing the activity of
cathepsin B compared to the control was observed on
the 21 day of forming CAAR. It is noteworthy that the
increase in free activity of lysosomal cysteine
cathepsins is an early sensitive sign of changes in the
stability of lysosomes membranes [6]. The analysis of
the change in NCAM concentration testifies to proba-
ble increase in the content of investigated neurospecific
protein on the 3" day of training. It is the 3" day after
the beginning of the experiment, when there are much
fewer mistakes of animals in passing to the dark com-
partment of the labyrinth, at the same time there are
much more reactions of active escape from the nocicep-
tive irritant. During the following stage (7" — 21" days)
of forming the conditioned active-defensive skill of
rats, the NCAM concentration in the membrane frac-
tions of neocortex increases by about 86% with maxi-
mal content on the 21" day of training, ending the for-
mation of stable conditioned reflex memory. It may evi-
dence to enforcement of memory engrams and possible
coding of information into long-term memory. Learn-
ing and memory are important features of variability
and plasticity of the nervous system [13]. There is evi-
dent correlation between the increase in expression and
concentration of neurospecific proteins and the stages
of memory formation.

The dynamics of cathepsin L activity and NCAM
content at the formation of conditioned reflex memory
of rats is presented in Figure, b. It demonstrates the in-
crease in the level of free activity of cathepsin L by 43
and 77% after 3 and 7 days of CAAR formation, respec-
tively, and the decrease by 30 and 28% on the 14" and
21* days of observation, respectively.

The changes in the level of cathepsin H activity and
NCAM concentration in the frontal neocortex while
forming engrams of conditioned reflex memory are pre-
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sented in Figure, c. It was determined that there is a reli-
able increase in the level of free activity of lysosome
cysteine aminopeptidase (cathepsin H) at the increase
of expression of the neurospecific protein, starting on
the 3" day of CAAR formation. Free activity of
cathepsin H increases by 75% on the 7" and 14" days of
training, compared to the control. Our observations are
in good agreement with the data on significant reactiv-
ity of lysosomes of nervous tissue cells, cells of neocor-
tex of brain, in particular, regarding the formation of
mnemonic traces. The highest level of activity of
cathepsin H in the frontal neocortex of rat brain was
registered on the 21" day of forming conditioned reflex
memory with similar changes in the dynamics of
NCAM concentration. The data presented evidence to
the fact that lysosomal cysteine proteases — cathepsins
B, L, and H — are intensively reacting to the process of
CAAR formation, taking place in brain tissues and par-
ticipating in adaptive reorganization of protein metabo-
lism. This process may be based on the decrease in the
stability of lysosome membranes, which results in the
increase in the level of free activity of cathepsins in the
brain cortex of laboratory rats.

Conclusions. Therefore, the determined
specificities of the dynamics of the content of NCAM,
participating in the regulation of the processes of syn-
aptic re-modelling and, according to Yamagata et al.
[18], capable of launching synaptic plasticity and ma-
turing of synapse structure, testify to the fact that the re-
liable increase in NCAM concentration has impact on
the processes of plastic re-organization of synaptic con-
nections in the frontal neocortex of rat brain, starting on
the 3" day of CAAR formation. The dynamics of the
levels of free activity of lysosomal cysteine cathepsins
on the background of changes in the NCAM content in
the frontal neocortex of rat brain, where active-defen-
sive skill was formed, evidences to their physiological
and neurochemical role in the processes of learning and
CAAR formation.

0. JI. /lpozoos, B. I. Yopua, O. C. Kowenes , O. K. Bamkin

Hocnimxenns HeiipocnenupiyHux OIIKIB Ta J1I30COMHUX MPOTEa3
(poHTaNBHOT 30HU HEOKOPTEKCY MpH (HOPMYBaHHI YMOBHOI peakirii

AKTHBHOTO YHHKHEHHS y LIypPiB

Pesrome

Hocniosceno sminu Konyenmpayii HetipoHAIbHOT MOIEKY U KIIMUH-
noi aoeesii (NCAM) i ounamixy akmugnocmi 1i30COMHUX Yyucmeino-
eux rkamencunie B, L i H y ¢ponmanvuiii 30ni neoxopmexcy
2011061020 MO3KY WYpi6 npu 6upobieni yMoeHoi peakyii akmueno-
20 ynuxHnenHs. Kinvkicny oyinky emicmy NCAM y membpannii
¢paxyii nHeokopmexcy 30ilicHeHO MenoOoM MeepoOOPa3HO20 IMYHO-
epmenmuozco ananisy. [Jocnioxncenns npogoounu uepesz 3, 7, 14i 21
000y nicis nouamxy Haguanms. Busznaueno niosuwenns emicmy
NCAM i pisnie akmugnocmu yucmeinoeux Kamencunie (0cooauso
aminonenmuoasu — kamencuny H) y npoyeci popmysanns enzpam
nam’sami.

Kniouosi cnosa: NCAM, yucmeinosi xamencunu, Ha8uaums,
nam’sama.

A. JI. ]Ipozoos, B. U. Yepnas, O. C. Kowenes, O. K. Bamxun

WccnenoBanne HelipocnennpuuecKux OSIKOB U TU30COMHBIX
nporea3 (POHTAIBLHON 30HBI HEOKOpTEKca MpuU (GOPMUPOBAHHUH

YCIIOBHOH peaKIHH aKTUBHOTO N30€raHust y Kpbic

Pesrome

Hccneoosanvl usmenenis Konyenmpayuu HeupoHaibHOU MOLEK). bl
xnemounot aoeesuu (NCAM) u axmusnocmu 1u30CoMHbIX Yucmeu-
Hogblx Kamencunog B, L u H 6o ¢pponmanvroil 30ne Heokopmerca
2011081020 MO320 KPbLC NPU POPMUPOBAHUU HABIKA YCIOBHOU PEaK-
yuu axmuernozo uzbeecanus. Konuvecmeennyio oyenky cooepoicanus
NCAM 6 membpannoil ¢pakyuu Heokopmexca npogoounu Memo-
O0oM meepoopasnozo umMmyHogpepmenmnozo anaiusa vepes 3, 7, 14
u 21 cymku nocne navana 0oyuenus Heu60mHbLX. Ycmanognieno no-
sviwenue konyenmpayuu NCAM u ypoeneu akmusnocmu yucmeu-
HOBbIX KAMENcUuHos (0cobenno amunonenmuoasel — kamencuna H)
6 npoyecce GopmMupo8anHUs IHSPAMM NAMAMU.

Kurwuesvie cnosa: NCAM, yucmeunosvie xamencuHol, o6yue-
Hue, namAmb.
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