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The vast diversity of fungal proteases and the specificity of their action have attracted attention
in attempts to exploit their physiological and biotechnological applications. These enzymes
are widely used in biotechnology, mainly in food, leather, and detergent industries, in eco-
logical bioremediation processes and to produce therapeutic peptides. This review covers
various aspects of aspartic proteases from basidiomycetes including sources, production,
structural peculiarities, physicochemical properties and their diverse applications.
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Introduction

Basidiomycetes are used in many industrial
processes for the production of enzymes and
metabolites. Low material costs along with
high productivity are among numerous advan-
tages offered by the enzymes production by
fungi. Fungal enzymes are easily recoverable
from the media. Besides, protease production
of fungal origin has an advantage over bacte-
rial proteases as the use of fungi as an enzyme
producer is safer than the use of bacteria. Fungi
are normally recognized as GRAS (generally
regarded as safe) [1].

The proteolytic enzymes are subdivided into
two major groups, exopeptidases and endopep-
tidases. The MEROPS system groups the en-

zymes according to their tertiary structure,
considering the order of catalytic residues or
the motif sequences around these residues.
According to this system the peptidases are
clustered into the clans comprising families.
The clans are identified by two letters. The first
letter relates to the catalytic mechanism as
follows: A (aspartic), C (cysteine), M (metal-
lo), S (serine), T (threonine), G (glutamic) or
U (unknown mechanism). The second letter is
added sequentially [2].

Fungal proteases are grouped into 4 main
classes. In turn, the endopeptidases are di-
vided into four subgroups based on their cata-
lytic mechanism, serine proteases (E.C. 2.4.21),
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cysteine proteases (E.C. 2.4.22), aspartic pro-
teases (E.C.2.4.23) and metalloproteases
(E.C. 2.4.24). The characteristic of these class-
es is given below (see Table 1).

Serine proteinases (EC 3.4.21) have a
triad of amino acid residues in the active cen-
ter, which includes serine, aspartic acid and
histidine. The subgroup of serine proteinases
includes extracellular proteases from Phane-
rochaetechrysosporium, Sporotrichumpulveru-
lentum, Irpexlacteus, Pleurotusostreatus,
Serpulalacrymans and Schizophyllum com-
mune. Serine proteinases predominate in the
proteolytic complex of Laetiporussulphureus
and Leccinumscabrum [5, 6].

Cysteine (EC 3.4.22) proteinases contain cys-
teine and histidine residues in the active site.
Some proteases from P. ostreatus belong to this
group [7]. The question of the secretion of cyste-
ine proteinases by fungi remains open. An analy-
sis of a significant number of publications sug-
gests that at least micromycetes in the vast major-
ity of cases secrete only the following proteases:
serine, aspartate and metalloproteinases [8].

Metalloproteinases (EC 3.4.24) require
metal ions (Mg?*, Mn?*, Co?*, Zn?") to ex-

Table 1. Classification of proteinases [3,4]

hibit enzymatic activity and are suppressed by
the substances that bind these metals: ethyl-
enediaminetetraacetic acid (EDTA), o-phen-
anthroline, etc. Metalloproteases were isolated
and secreted by Hypsizygus and Flammulina
[9, 10]. Metalloproteinases were found in the
vegetative mycelium of Chondrostereumpur-
pureum and Hypsizygusmarmoreus, as well as
in the fruit bodies of P. ostreatus [11-14].
Aspartate (EC 3.4.23) proteinases contain
two carboxylic acid groups in the catalytic
center. These proteinases were isolated from
the mycelium of Phanerochaetechrysosporium,
Amanita muscaria and Irpexlacteus [15-18].
Aspartate proteinases belong to the group
of proteolytic enzymes that are active in acid-
ic environment. All milk-clotting enzymes
used in industry are aspartic proteinases [18,
19]. These enzymes are used in the cheese
production as milk-clotting enzymes (substi-
tutes for rennet). They are found in animal
tissues (pepsin, cathepsin, chymosin, renin),
plants (aspartate proteinases of lotus seeds,
buckwheat, wheat), in microorganisms (peni-
cillopepsin, endotiapepsin) and retroviruses
(human immunodeficiency virus proteinases).

Family Cofactors Chargcter.i stic Optimal Inhibitors Industrial application
active site pH range
Serine proteases CaZt Asp, Ser, His 7-11 PMSF, EDTA, phenol, Detergent, medical and
triamino acetic acid pharmaceutical
Metallo proteases Zn%* CaZ* Glu, Try 7-9 Chelating agent such as | Food, medical and
EDTA, EGTA pharmaceutical
Cysteine proteases | N.d. Cys, His, Asp 2-3 Indoacetamide, p-CMB | Food, medical and
pharmaceutical
Aspartic proteases | Ca2* Asp, Asp 2,5-7 Pepstatin, EPNP, DAN | Food and beverage

DAN (diazoacetyl-DL-norleucinemethylester, DON 5-diazo-4-oxonorvaline, PMSFphenylmethylsulfonylfluoride,
PCMBpchloromercuribenzoicacid, EDTAethylenediaminetetraaceticacid, EGTAethyleneglycoltetraaceticacid, EPNP

1,2-epoxy-3-epoxy 3 ) propane), N.d.notdetermined
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Aspartic proteinases have a tertiary struc-
ture consisting of symmetrical lobes forming
a catalytic site, each lobe containing an aspar-
tic acid residue, Figure 1.

The molecular weight of aspartic protein-
ases ranges between 35 and 50 kDA, usually
consisting of 320-340 amino acid residues. The
isoelectric point of these enzymes ranges
from 3 to 4.5.

There are numerous data concerning the
effect of divalent ions on the activity of pro-
teinases of fungal origin. It was shown that the
activity of extracellular PoS1 protease of the
oyster mushroom P. ostreatus increased in the
presence of both CaCl, and Mn?"ions [17].

The effect of CaCl, on the aggregation of
para-casein micelles is explained by its influ-

ence on the average coagulation rate. It is
hypothesized that electrostatic repulsions and
ionic bonds play an important role in the in-
teraction between chymosin and para-ca-
sein [18].

Structural features of aspartic protein-
ases.The special structure of aspartic protein-
ases determines their effect over a wide pH
range. The residues of several aspartic acids
of the molecule are located in the inner part
and are surrounded by proton donors, sharply
lowering their pK. All positively charged
groups of molecules, and there are only 5, are
neutralized due to their special mutual arrange-
ment regarding the carboxyl groups. Figure 2
shows an example of such an arrangement
when the guanidine group of the Arg 315 res-

Fig. 1. The three-dimensional struc-
ture of the aspartic protease from
Candida tropicalis, visualized using
Swiss-PDbViewer (v4. 0. 4). The ac-
tive center is marked in red, disulfide
bonds in yellow. The active center is
taken out in close-up [20].
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Fig. 2. Relative arrangement of charged amino acid resi-
dues in the pepsin molecule — Arg 315 and Asp 138 ion
pairs [21].

idue and the carboxyl group Asp 138 are lo-
cated end-to-end, forming a closed system due
to the hydrogen bonds. Such a system is neu-
tral in a wide pH range. The total charge of the
molecule at low pH is very small, but negative.
The negatively charged groups are located far
from each other and their interaction cannot
lead to destabilization of the molecular struc-
ture. Thus, the stability of the molecule and its
negative charge at low pH is due to the mu-
tual arrangement of its carboxyl groups and
main residues (see Figure 2) [21].

The mechanism of action of aspartic pro-
teinases. Aspartic proteinases hydrolyze the
peptide bond, the mechanism of which has
been sufficiently studied [22].
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Fig. 3. The mechanism of action of aspartate proteinases
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The peptide bond hydrolysis mechanism
common to the aspartase representatives sug-
gests a nucleophilic attack by a carbon atom in
a carbonyl residue of a substrate protein. The
first stage involves the transfer of a proton from
water to an aspartic pair, which is then com-
petitively transferred to the oxygen atom in the
carbonyl group at the site of cleavage of the
peptide bond. Thus, water is an attacking nu-
cleophile, alike in most mechanisms of acid and
alkaline hydrolysis. Protonation leads to the
formation of a tetrahedral intermediate, the
destruction of which is initiated by the transfer
of a proton to the aspartate pair and then to the
nitrogen atom of the substrate (see Figure 3) [23].

Aspartic proteases from different organ-
isms have their own structural peculiarities.
In retroviral proteinases, the catalytic reaction
is preceded by the appearance of a charge on
one of the carboxyl groups with the other re-
maining neutral, which occurs due to the in-
teraction of the enzyme with the substrate. The
polarization of the Thr-Gly peptide groups,
which are hydrogen-bonded to active carbox-
yl, has a significant effect on their properties
(figure). This polarization is due to the contacts
with water molecules forming continuous
chains of hydrogen bonds that are closed on

EYOH HaN<g
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the groups in contact with the substrate. When
the substrate is bound, the symmetry of the
chains is broken, which leads to unequal in-
teraction of the peptide groups with the inter-
nal oxygen of the active carboxyl. This facili-
tates the transition of a proton localized be-
tween them to one of the carboxyls.

In the proteinases of higher organisms, the
charged state of one of the carboxyls and the
neutral state of the other exist initially before
substrate binding due to the special nature of
the interaction of the external oxygen of these
carboxyls with the amino acid residues sur-
rounding the catalytic center. The hydrogen
bond of Thr 218 with the external oxygen of

o>

the Asp 215 carboxyl and the water molecule
W1 protects this carboxyl from protonation in
an acidic medium (see Figure 4). The car-
boxyl residue of Asp 32 does not have such
protection and remains protonated. Higher
organisms are characterized by the presence
of a conservative system of interacting groups
that are locked on the active carboxyls Thr 218
-Asp 215 -Trp 39 - Tyr 75 - W2 - Ser 35 - Asp
32, which promotes the development of a cat-
alytic reaction. There are no such interactions
in retroviral proteinases. This is an important
difference between the structure and, accord-
ingly, the properties of aspartate proteinases
of retroviruses and higher organisms [22-25].

Fig. 4. interaction system of active carboxyl groups in aspartate proteinases of higher organisms (W1, W2 — water

molecules)
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Aspartic Proteinases from
Basidiomycetes

In the group of aspartic proteases of fungal
origin, the group of basidiomycete proteases
occupies a special place. Depending on the
origin, there is a variety of enzymes that are
used in the production of cheeses and similar
foodstuffs: animal rennins (EC 3.4..23.4), plant
proteases, microbial milk coagulants and ge-
netically engineered coagulants , most often
chymosin.

Fungi produce a wide range of enzymes.
The pH of fungal proteases ranges from 2 to
10, which demonstrates their wide substrate
specificity. However, they have a lower ther-
mal tolerance than bacterial enzymes. Fungal
enzymes can be conveniently obtained during
solid-phase fermentation [8].

A number of researchers have proposed to
use fungi as natural sources of coagulating
enzymes, for example, Amylomycesrouxii,
Aspergillusniger, Aspergillus Oryzae, Asper-
gillus Versicolor, Endothia (Cryphonectria)
parasitica, Metschnikowiareukaufii,
Mucorbaciliformis, NochicomicopsPenici-
PeniciopsiPeniciopsi, PenicumiPenicumifici,
Penicilli, Rhizopus microspores, Rhizopuspu-
sillusvarLindt, Pleurotusostreatus, etc. [26-
28]. Due to the global deficiency of calf chy-
mosin, fungal aspartic proteases have been
used as milk clotting enzymes in the dairy
industry for about 30 years. The Aspartic pro-
tease enzymes obtained from Mucormihei,
Mucorpusillus and Cryphonectria (Endothia)
parasitica and sold under the trademarks
Rennilase®, Fromase®, Novoren®,
Marzyme®, Hannilase®, Marzyme® and
Suparen®, are commonly used to make various
types of cheese [29, 30]. An advantage of the
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production of such proteinases is that the fun-
gi producing the milk coagulation enzyme are
cultivated on nutrient media of various com-
positions, which makes their production af-
fordable [31].

An addition of basidiomycete protease to
milk breaks down the casein micelle-stabiliz-
ing protein called kappa casein at the bond
Phel105-Met106 and destroys its ability to
stabilize the casein micelle. Consequently, pure
kappa casein is formed, the aggregates of
which in the presence of calcium ions form the
cheese curd. The quality of the obtained curd
depends on pH and the ratio of the MCA (milk-
clotting activity) to proteolytic activity, which
should be high. This recommendation is based
on the data proving that at a high proteolytic
activity of the enzyme preparation, not only
the formation of a clot is observed, but also its
further hydrolysis. This leads to the appearance
of bitter peptides and makes such an enzyme
preparation unsuitable for use in cheese mak-
ing. There are other fungal (e.g. Endothia
parasitica) proteases producing milk-clotting
enzymes, but they split another peptide bond
Ser104-Phel05.

Most of the proteinases of basidiomycetes
were obtained in pure form and characterized
precisely to have high milk-clotting activity.
However, the enzymes should not only be
close to chymosin by the substrate specificity,
but also be active at low pH and resistant to
heat [32]. Such proteinases were found in G.
lucidum, lacteus, [ Laetiporus Sulphureus] ,
L. edodes, Pycnoporus Sanguineus , Peurotus
Citrinopileatus, Squamosus [33, 34]. So chy-
mosin is stable at pH 5.3-6.3; the rate of co-
agulant formation is maximum in the tem-
perature range of 20-42 ° C; however, at tem-



Structural and functional peculiarities of aspartic proteases of basidiomycetes

peratures close to the upper boundary, the
process speed decreases, so the optimal value
lies in the range of 30-40 °C [35]. It was shown
that the temperature stability of aspartases
depends on pH, and the presence of other
proteins additionally stabilizes the enzyme.
The second stage of protein coagulation can
be considered as the actual aggregation of
protein micelles induced by Ca?* ions, ending
in the formation of a clot. The completeness
of coagulation at this stage depends on the
concentration of protein, Ca%" ions, tempera-
ture and pH [14].

Noteworthy, proteinases from Pleurotus
Ostreatus are free from the deficiencies (low
ration of MCA to PA and thermal stability) that
are characteristic for other representatives of
basidiomycetes. In turn Pleurotus Ostreatus
proteinases have their own characteristics de-
pending on the source of isolation (fruiting
bodies, mycelium, culture fluid).

Pleurotus Ostreatus proteases have high
MCA and have been obtained as purified prep-
arations. However, based on these enzymes
the recombinant analogues have been produced
in order to provide better yields and new spe-
cialties [36].

Aspartate proteinases from Pleurotus
Ostreatus. In the literature of recent years, there
are numerous data concerning purified enzyme
preparations from oyster mushroom. There are
differences in their physicochemical properties,
which is possibly due to the method of isolation
and purification of enzymes. So the properties
of the enzymes obtained from fruiting bodies
differ from those of the enzymes of the culture
fluid and culture mycelium.

pH The milk-clotting activity of the enzyme
preparation from the culture fluid from

Pleurotus Ostreatus was observed in the pH
range from 3.6 to 5.6. The pH optimum of the
enzyme preparation with MCA is represented
by two peaks at pH 3.6 and pH 5.0. However,
for the practical use of a preparation with
MCA, the authors recommend using pH 3.6,
since at this pH, the ratio of ISA / PAis 74: 1.
At pH 5, the ratio of MCA / PA is only 13: 1.

So, for proteinases obtained from P.ostreatus
fruiting bodies, the pH at which proteolytic
activity is maintained stable, ranges from 4 to
9 [37]. The stability of milk-clotting protein-
ases from Postreatus mycelium is in the pH
range from 3.5 to 7.5 [39]. These results are
in accordance with the data obtained for the
effect of pH on the activity of proteinases from
Postreatus culture fluid [41].

Temperature. The activity of the enzyme
preparation from P.ostreatus culture fluid was
observed in the temperature range from 25 to
60 ° C. In this case, the temperature optimum
of proteolytic activity is at 45 ° C [41, 42].

The data obtained are consistent with the
results of studies of the enzyme preparations
from the fruit bodies of P.ostreatus [38].

In contrast, when studying the thermal sta-
bility of proteinases from the extract of
Postreatusfruit bodies, it was found that the
activity is maintained up to 55 ° C. A further
increase in temperature sharply inactivates the
milk-clotting enzymes [40].

Substrate specificity. When studying the
substrate specificity of the enzyme preparation
from the culture fluid, it was found that the
aspartic enzyme has a high specificity for the
chromogenic substrate Leu-pNa. Chymosin
(rennet) specifically cleaves the peptide bond
of Phe 105 and Met 106 in the casein mole-
cule. A high degree of hydrolysis of the Leu-
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pNa substrate can be explained by the fact that
both amino acids (Leu and Phe) according to
the modern classification belong to the same
group (amino acids containing non-polar hy-
drophobic R-groups). The authors recommend
Leu-pNa for the work with the enzyme prepa-
ration from the culture fluid [42].

When studying the properties of the enzyme
preparation from P. ostreatus mycelium, the
highest degree of hydrolysis was shown for
substrate S-2586 [37].

Noteworthy, for enzymes from fruiting bod-
ies, the substrate specificity is shown only for
natural substrates.

Molecular mass

According to the literature, there are three
proteinases from the Postreatus fruit bodies
with similar molecular weight in the region of
30-40 kDa. The molecular weight of the as-
partic enzyme obtained from the culture fluid
of Postreatus is 45 kDa. So, proteases from
fruiting bodies and culture fluid are similar in
molecular weight [37, 39, 42].

Prospects for the use of aspartate
proteinases

Cheesemaking. Several proteinases from an-
imals, plants, and microbial sources possess
the ability to coagulate milk under suitable
conditions. It causes defects in flavor and tex-
ture as well as reduction in yield of cheese.
However, a few microbial sources produce
rennet substitutes, which meet the require-
ments of the stage of commercial production.
Like chymosin, these substitutes are acid (as-
partyl) proteinase similar in molecular and
catalytic properties. The specificity of rennet
substitutes from fungal sources such as
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Mucormiehei, Mucorpusillus and Endothi-
aparasitica 1s quite different. The acid protein-
ases of M. miehei and M. pusillus, like chy-
mosin, preferentially hydrolyze the same
Phe105-Met106 bond of kappa-casein, where-
as those of E. parasitica preferentially cleave
the Ser104-Phel105 bond [43-45]. Although
microbial rennet is relatively cheap, fungal
proteases have attracted the attention of indus-
trial enzymologists and biotechnologists. The
gene for prochymosin has been cloned in
Escherichia coli, Saccharomyces cerevisiae,
Kluyveromyces marxianus var. lactis,
Aspergillus Nidulans, Aspergillus Niger, and
Trichoderma Reesei [43, 46]. The enzymatic
properties of the recombinant enzymes are
indistinguishable from those of calf chymosin.
The recombinant chymosin has been assessed
on numerous cheese varieties, always with
very satisfactory results. Three recombinant
chymosins are now marketed commercially.
Microbial chymosins have taken market share
from both calf rennet and fungal rennet and
now represent 35 % of total market.

The gene for Rhizomucor Miehei proteinase
has been cloned and expressed in Aspergillus
Oryzae. It is claimed that this new rennet
(Mazyme GM) is free of other proteinases or
peptidases activities that are present in fungal
rennet and may reduce cheese yield. Cloning
the gene for R. miehei proteinase has created
the possibility for site-directed mutagenesis of
the enzyme [43, 47].

There are data in the literature concerning
the preparation of milk-clotting proteinases
from the extract of the fruit bodies of P. os-
treatus, which resembles those used in the
dairy industry. The preparation of milk-clotting
enzyme was obtained from the culture fluid,
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which has a more significant milk-clotting
activity than the enzymes obtained from fruit-
ing bodies. Isolation, purification and study of
the properties of these enzymes are a necessary
vector for modern biotechnology [41, 42].

Fibrinolytic properties of fungal
proteases

It is known that fibrinolytic enzymes dissolve
the blood clots, which are formed as a result
of the conversion of fibrin through the proteo-
lytic action of thrombin [59]. The formation
of a fibrin clot and fibrinolysis is usually well
balanced in biological systems. However,
when fibrin cannot hydrolyze because of some
disorder, thrombosis may occur. Myocardial
infarction is the most common of these throm-
boses. Cardiovascular diseases, including acute
myocardial infarction, are the leading causes
of death worldwide [48].

Non-physiological reagents (enzymes from
snake venom, bacterial enzymes, fungal en-
zymes, etc.) are used as tools for studying the
molecular mechanisms of the hemostasis sys-
tem, as well as for diagnosing the disorders of
this system. The advantage of such reagents
lies in their unique specificity, in the absence
of their inhibitors in the human blood, as well
as in their resistance to high ionic strength and
the presence of calcium ions [49].

Powerful fibrinolytic enzymes from various
sources have been discovered over the past
decade. One of the promising sources for ob-
taining fibrinolytic enzymes is the enzymes
from the common P.ostreatus. There are some
reports about isolation and purification of fi-
brinolytic proteinases from fruiting bodies [37,
38], as well as from the culture fluid of
Postreatus [42]. Recently it has been shown

that proteinase from the culture fluid of oyster
mushroom ordinary selectively degrades the
Aa chain of fibrinogen, cleaving first the poly-
peptide with a molecular mass of approxi-
mately 3 kDa, and then another portion with
a molecular weight of 10-15 kDa. This is an
attractive direction for the future investigations
in this field.

Antiseptic.There are data on the antibacte-
rial and antifungal activity of extracts and iso-
lated compounds from Postreatus, which is
believed to function as a defense mechanism
of the fungus against other organisms. It was
shown that P.ostreatus has antibacterial activ-
ity against gram-negative aerobic bacteria that
cause such dangerous diseases as pneumonia,
bacterial corneal ulcers. The studies have prov-
en that [the] fruit body extract stops the growth
of E. coli. Lovastatin contained in the
P ostreatusfruit bodies was proven to be effec-
tive in treating malaria. P.ostreatus also has an
antiallergic effect in case of atypical bronchial
asthma, allergic rhinitis, drug allergies [48].

The purified enzyme complex from P. os-
treatus mycelium extract exhibits intense an-
timicrobial activity and can be successfully
used to develop more powerful and effective
antimicrobial agents. The authors suggest the
use of this enzymatic preparation to inhibit the
growth of Pseudomonas aeruginosa and
Streptococcus pneumonia, which are well-
known infectious agents [48, 50, 51].

Thus, the study of the structure and proper-
ties of aspartic proteases of fungal origin is
important not only for basic research in the
field of enzymology, it also opens up new
prospects for their targeted use in various fields
of modern biotechnological production at food
and pharmaceutical enterprises.
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CtpykTypHi Ta pyHKUiOHAJBLHI 0CO0IUBOCTI
acnapariHoBuMXx nporea3s 6asuaiomineriB

B. B. CakoBuu

BennuesHe pizHOMaHITTS TpHOHMX TpOTEa3 Ta crienudika
X 1ii mpuUBepHYIN yBary mpu crpobax BHKOPHUCTAHHS 1X
(iziosmoriuHux Ta OIOTEXHOJIOTIYHUX BJIACTHBOCTEH.
LiepmMeHTH IIMPOKO BUKOPHCTOBYIOTHCS B O10TEXHOIIOT ],
TOJIOBHUM YHWHOM Y Xap4oBili, MIKIpsHiI TPOMHCIOBOCTI,
Yy BUPOOHHIITBI MUIOYHX 3aCO01B, B IIPOLIECAX €KOJIOTIUHOT
OiopeMemniariii Ta UL OTPUMaHHS TCPATICBTUIHUX TICTITH-
IiB, IO 3HAXOAATH 3aCTOCYBAaHHS B SIKOCTI MEIUYHHUX
npenaparis. [{eli omisia OXOIUTIOE Pi3HI aCIEKTH acrapa-
TIHOBHUX IMpOTea3 0a3uAiOMIIICTIB, BKIIFOUAIOUH JDKEperia
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IX OTpHUMaHHS, TPONYKIIIO, CTPYKTYPHI OCOOIMBOCTI,
(hi3MKO-XiMiYHI BJIACTUBOCTI Ta iX pi3HOMAaHITHE 3aCTOCY-
BaHHSI.

Kaw4yoBi cJjoBa: mporeonitnuai pepmenTH, diznd-
Hi 1 XiMiYHI BIIACTUBOCTI

CTpykTypHbIe U (PYHKIMOHAJIbLHbIE 0COOEHHOCTH
acmaparuHOBBIX NMPOTea3 6a3uINOMHUIIETOB

B. B. CakoBuu

PaznooOpasue mpoTenHas rprOHOTO POUCXOXKACHUS U
crenuduka UX JeHCTBUS IIHPOKO HCHOJIB3YIOTCS, Olaro-
Japs X (PU3HOIOTMYECKUM M OMOTEXHOIIOTHYECKHM CBOM-
ctBaM. JlaHHBIE (DepPMEHTHI IHMPOKO UCIIONIB3YIOTCS B
OMOTEXHOJIOTHMH, IJIABHBIM 00pa30M B MTHUIIEBOM, KOYKEBEH-
HOH TIPOMBIIIVICHHOCTH, B TIPOM3BOJICTBE MOIOIINX
CPEICTB, B IIPOLIECCAX YKOJIOTHYECKOH OHOopeMeraiy 1
JJIA TIOJTYy4YCHHS TCPAINICBTUYCCKUX TCTITHI0B, KOTOPbLIC
HaXoJIIT MPUMEHEHNE B Ka4eCTBE MEJUIMHCKNX Iperia-
paroB. DTOT 0030p OXBaTHIBAET PA3IWIHBIC aCTIEKTHI ac-
IMapTaTHbIX MPOTCUHA3 6a3I/I[[I/lOMI/I]_IeTOB, BKJIrO4asA UCTOY-
HUKH UX TTOJTyYEHHsI, IPOAYKINIO, CTPYKTYypHBIE 0COOEH-
HOCTH, (PM3UKO-XHMHYECKUE CBOMCTBA M UX PA3HOCTOPOH-
Hee IpUMEHEHHE.

KnoueBble ¢J0Ba: IPOTCONUTHIECKIE (DEPMEHTHI,
(pu3nueckre 1 XMMUYECKHE CBOIMCTBA
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