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Current large-scale production of blood-derived pharmacological preparations is aimed at expanding
the list of products and deeper extraction of target proteins especially at the prepurification stage. In
particular, this problem becomes critical for the isolation of proteins like protein C (PC), which is present
in plasma in trace amounts.

Aim. We aimed to improve the buffer composition to minimize the interaction of PC with other pro-
teins and lipids that are inevitably present in the stock material.

Methods. The content of protein C in plasma and its derivatives was assessed by the amidolytic activ-
ity to the chromogenic substrate S2366. A decrease in homologous impurities and plasma enrichment
with protein C was provided by selective bulk adsorption on DEAE-cellulose.

Results. Here we describe that an equimolar mixture of two amino acids (L-arginine and L-glutamic
acid) essentially increased the content of protein C at the stage of cryo-depleted plasma prepurification,
including initial dilution and subsequent enrichment of plasma with protein C due to selective bulk
adsorption on DEAE- cellulose. Additionally, it was revealed that solutions of these amino acids, when
combined, inhibit the induced amidolytic activity of protein C and increase its solubility (in contrast to
other plasma proteases).

Conclusion. Pre-adding of a mixture of L-arginine and L-glutamic acid to cryo-depleted plasma as
part of the working buffer significantly optimizes the prepurification of protein C, providing a 5-fold
increase in its yield after elution from DEAE-cellulose.
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Protein C (PC) is a proenzyme of
activated protein C (APC) (EC 3.4.21.69), a
serine protease from the group of vitamin
K-dependent enzymes. APC is a key natural
anticoagulant in blood plasma, which, by
inhibiting the activity of coagulation factors
Va and VIIla, regulates the reactions of
the coagulation cascade and the process
of thrombus formation in the vascular
bed. Recent studies have also revealed
coagulation-independent cytoprotective
function of APC [1], which includes anti-
apoptotic, neuroprotective, and endothelial
barrier protective actions [2—-6]. Recently,
APC has been shown to inhibit the formation
of extracellular neutrophil traps and the
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release of cytokines by leukocytes [5—8].
In connection with epidemics of infectious
diseases, especially with respect to COVID-19,
the anti-inflammatory properties of APC
are of particular importance [9-11].
Considering this, the improvement of the
industrial production of protein C together
with recombinant biotechnology remains
a prerequisite for its wider availability for
practical biomedicine.

In large-scale production, purified PC is
usually obtained from human blood plasma
by combining traditional techniques of Cohn
(alcohol) fractionation with modern methods
of ion exchange and affinity chromatography.
The most attractive industrial techniques are
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those that make it possible to separate PC at
the early stages of complex processing of blood
plasma without disrupting the purification
scheme for albumin and immunoglobulins.
However, unlike proteins, which are
traditionally purified from blood plasma, PC
belongs to the so-called minor components, the
content of which does not exceed 1 mg per 100
ml of plasma. This feature determines more
stringent requirements for the efficiency of PC
purification in order to increase its final yield.

As evidenced in practice, the most
significant PC losses occur at the initial stages
of stock material processing, including the
separation of the cryo-poor supernatant, its
preliminary coarse purification from ballast
impurities, and the concentrating of the
target protein. Cryo-poor supernatant is a
very complex mixture of proteins capable of
aggregation, spontaneous activation, chemical
or enzymatic denaturation and degradation.

Most of the existing commercial Cohn
fractionation products typically contain
protein aggregates up to 25% of the total
protein concentration. This is facilitated by
non-physiological conditions for the extraction
of proteins with organic solvents (in particular,
ethyl alcohol), which cause significant
denaturation of enzymes and proenzymes [12].
Conformational changes in the structure of
denatured proteins are accompanied by the
exposure of an additional number of reactive
sites to the periphery of the protein globule.
In particular, the degree of hydrophobicity of
the protein surface increases, which enhances
adhesion to other macromolecules and colloidal
particles.

Plasma colloids are known to be
predominantly lipid-containing particles, such
as lipid-albumin associates, lipid complexes
with apolipoproteins (very low, low and
high density lipoproteins), chylomicrons,
as well as complex aggregates of free fatty
acids, triglycerides, and phospholipids. So,
blood plasma is an extremely favourable
environment for hydrophobic immobilization
of denatured proteins.

This state of the starting material, as
a rule, does not allow overcoming 16—36%
of the final yield of the purified product,
regardless of the PC purification scheme, even
if it includes the stage of immune-affinity
chromatography [13, 14]. A decrease in the
yield of the product at individual stages of
purification appears to be the result of multiple
interactions such as 1) retention of PC on the
surface of proteins and phospholipids due to
Ca?"-dependent binding; 2) aggregation of PC

with other macromolecules due to hydrophobic
interactions; 3) spontaneous activation of PC
and subsequent complexation with substrate-
like and inhibitor-like compounds; 4) its
proteolysis and autodegradation.

From these properties of PC in concentrated
protein solutions, it seems promising to use
an equimolar mixture of two amino acids
(L-arginine and L-glutamic acid) as an additive
to increase its solubility. As described, such
[15, 16] and other [17, 18] mixtures are used
successfully in technologies for the isolation
of recombinant proteins, which usually tend
to aggregate and precipitate. So, the aim of
this work was to test a buffer composition
designed with L-Arg and L-Glu to minimize
the interaction of PC with other proteins and
lipids that are inevitably present in the stock
material.

The presence of PC in protein mixtures
is routinely monitored by determining the
amidolytic activity of PC after its thrombin-
independent activation (PCa). So, first of all,
we checked how an equimolar mixture of L-Arg
and L-Glu affects the amidolytic activity of
PCa, induced by a specific non-physiological
activator. Second, we wanted to study the
effect of an equimolar mixture of L-Arg and
L-Glu on the solubility of PC in cryo-plasma
diluted with phosphate buffer in a 1:2 ratio.
Third, we aimed to find out whether the
presence of amino acid (AA) additives affects
the ability of PC to adsorb on DEAE-cellulose,
the anion-exchange sorbent.

Materials and Methods

Evaluation of the induced amidolytic
activity of protein C. Crude protein C in human
plasma and products of chromatography
was activated by an activator from snake (s.
Agkistrodon Contortrix Contortrix) venom in
a ratio of 1:8, respectively. In this way, the
available amount of the proenzyme PC was
converted into an active state, PCa, which
was detected by the hydrolysis reaction of
the chromogenic substrate S2366. Since the
reactivity of S2366 with PCa could interfere
with other plasma proteases, the total rate
of substrate hydrolysis was measured in
two aliquots of plasma, adding the protein
C activator to only one of them. Thus, the
PCa-independent, total amidolytic activity
of plasma proteases, P (without the addition
of the PCa activator) and the total PCa-
dependent activity, Pact (with the addition
of the activator) were determined. Hence,
the induced amidolytic activity of PCa was
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determined as the difference between Pact and
P (PCa = Pact-P).

In general, the amidolytic activity of P
or Pact was determined in samples prepared
in the wells of a microtiter plate by mixing
10 ul of plasma and 80 ul of 0.05 M Tris-
HCI buffer (pH 8.1) or 80 pl of snake venom
activator diluted with 0.05 M Tris-HCI buffer
(pH 8.1), respectively. Then, after 5 min of
incubation, 40 pl of chromogenic substrate
S2366, pyroGlu-Pro-Arg-pNA * HCI (0.3 mM,
final concentration) was added to the wells. An
increase in colour due to the release of para-
nitroaniline was recorded at 405 nm every five
minutes for 20 min. The results were expressed
in relative units of optical density (D,y5) or in
dDg5/min.

Plasma protein C solubility assay. The
frozen pooled donor plasma was rapidly thawed
at + 4 °C with constant stirring. After complete
thawing, the plasma was centrifuged at 3000 g,
20 min, and then the sediment was discarded
using cryo-poor plasma for further analysis.
Namely, half of the plasma was diluted with
buffer 1 (0.05 M sodium phosphate, pH 6.25,
containing 0.15 M NaCl, 0.05 M L-Arg, 0.05 M
L-Glu, 1mM benzamidine hydrochloride); the
second half was diluted with buffer 2 (0.05 M
sodium phosphate, pH 6.25, containing 0.15 M
NaCl and 1 mM benzamidine hydrochloride).
For a more complete dissolution of PC, plasma
samples after dilution were left on a magnetic
stirrer at + 4 °C for two hours. The solubility of
PC (in%) was assessed by comparing the rates
of hydrolysis of the chromogenic substrate
S2366 in plasma samples before and after
dilution, after induction of PCa activity with
a snake (s. Agkistrodon Contortrix Contortrix)
venom activator.

DEAE adsorption. Fresh-frozen plasma
were thawed at 2—4 °C and centrifuged at 3000
g for 30 min to isolate the cryoprecipitate. The
supernatant (cryo-poor plasma) was diluted to
protein concentration of 2.5-3.0 mg/ml with
0.1 M Na-phosphate buffer, pH 6.0, containing
0.1 M NaCl1l and 1 mM benzamidine HCI with
or without adding mixture of the 0.05 M L-Arg
and 0.05 M L-Glu. DEAE-Cellulose “Servacell”
was equilibrated with the same working
buffers and mixed with diluted cryo-poor
plasma in 1:2 (v/v) ratios. After washing the
sorbent with the working buffers by 3 cycles
of centrifugation, protein C was eluted with
the same buffers containing 0.3 M NaCl. To
establish complete equilibrium, the adsorbent
with elution buffer was placed in a refrigerator
overnight. The eluate was separated by
centrifugation at 3000 g for 20 min. Protein
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concentration was determined by the Bradford
method [19].

Western blot analysis. Plasma or eluate
samples were diluted with denaturing
5xLaemmli electrophoretic buffer, containing
B-mercaptoethanol in a final concentration 10%
(v/v). After fractionation by electrophoresis in
gradient 7-15% polyacrylamide gel, proteins
were transferred onto the nitrocellulose
membrane by the electroblot. Then, the
membrane was blocked in 5% solution of skim
milk and probed with rabbit primary anti-
protein C antibodies (Sigma, product # P4680)
(1:800 dilution) at 4 °C overnight. After
thorough washing in phosphate buffered saline
containing 0.05% Triton X-100 (PBST), the
membrane was incubated with corresponding
HRP-conjugated secondary antibodies for 90
min at 37 °C. Then, non-specifically bound
antibodies were removed by 5-times washes in
PBST for 5 min each. Specific immunostaining
was developed by incubation of membranes in
0.05% 3,3'-diaminobenzidine in 50 mM Tris-
HCIl (pH 7.4), containing 0.01% hydrogen
peroxide. Immunoreactive polypeptide bands
of various molecular weights were identified
by extrapolation to relative mobility of pre-
stained proteins with known molecular weight
(PageRuler Prestained Protein Ladder,
Fermentas, Lithuania, cat. no. 26616).

Results and Discussion

A mixture of L-arginine and L-glutamic
acid reduces the amidolytic activity of PCa
in undiluted plasma. The catalytic domain of
APC, like other serine proteases, contains an
electron transfer system within the catalytic
triad His211, Asp257 and Ser360. In addition,
positively charged exosites are exposed around
the perimeter of the active site [20, 21].
Therefore, it can be expected that a mixture
of oppositely charged L-Arg and L-Glu will
somehow modulate the catalytic activity of PCa.

To test this assumption, a mixture of L-Arg
and L-Glu in 0.05 M Tris-HCI buffer (pH 8.1)
together with a chromogenic substrate was
added to the PCa-containing plasma samples,
and then the rate of S2366 hydrolysis was
compared with the control (reaction mixture
without amino acids). As shown in the Fig. 1,
the presence of AA decreased the optical
density depending on the concentration. So, at
the 10" min, the optical density of the solution
was lower than the control by 20% , 22.3% and
42.6%, if the solution included L-Arg and
L-Glu at an equimolar concentration of 3.8,
15.4 and 30.8 mM, respectively.



Experimental articles

Fig. 1. Equimolar mixture of L-Arg and L-Glu suppresses the hydrolysis of S2366
by plasma proteases in a concentration-dependent manner

In a separate experiment, it was found
that the inhibitory effect develops over time,
reaching a maximum value after 20—40 min,
and then does not change. Apparently, amino
acids can reversibly block the active site of the
enzyme due to electrostatic interactions with
anion binding and aryl binding subsites.

A mixture of L-arginine and L-glutamic
acid increases the solubility of crude PC after
plasma dilution. Dilution of cryo-poor plasma
in buffer 1 (with added AA) and buffer 2
(without AA) provided an increase in the total
PCa-dependent activity, Pact (taking into
account dilution factor 3) by 74% and 33%,
respectively (Fig. 2). These data indicate a
corresponding increase in the solubility of PC
in diluted plasma.

At the same time, cleavage of para-
nitroaniline from the chromogenic substrate
S2366 was also found in cryo-poor plasma
samples not pre-incubated with an activator
from snake venom. This PCa-independent
hydrolysis of S2366 appears to be catalysed by
other plasma proteases capable of recognizing
the amino acid sequence in the p-Glu-Pro-
Arg tripeptide. Several plasma enzymes are
known that can interfere with the analysis of
PCa activity, since C2366 is also sensitive for
factor XlIa, kallikrein, plasmin, and thrombin

with K, 1.2, 0.60, 0.40, and 0.15 mM,
respectively [22]. The total amidolytic activity,
P of these enzymes in plasma we were found
to increase by 120% and 105% after dilution
with buffers 1 and 2, respectively, indicating
a corresponding increase in their solubility
(Fig. 2).

It should be noted that after dilution with
buffer 2, the plasma proteins did not respond
to the action of the PC activator from the snake
venom, which was manifested in the absence
of a corresponding increase in amidolytic
activity, confirmed by the fact that P ~ Pact
(Fig. 2). However, the plasma diluted with
buffer 1 retained the ability of the crude PC to
be activated. This is evidenced by the increase
in amidolytic activity induced by the protein
C activator, in addition to the total protease
activity (Pact > P) (Fig. 2). Whereas in the
presence of L-Arg and L-Glu, it was possible to
detect the activity of PCa in diluted samples,
which indicates an increase in PC solubility
provided by amino acids.

Concentrating of crude protein C by
sorption on DEAE-Cellulose. The process for
the large-scale production of highly purified
plasma-derived protein C is recommended to
include a prepurification step to enrich the
PC content. For this purpose, inexpensive
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Fig. 2. Dilution and addition of L-Arg and L-Glu to cryo-poor plasma increases the amidolytic activity
of plasma proteases
# — P <0.05 for P activity versus control; * — P < 0.05 for PCa activity versus control

ion-exchange sorbents, like DEAE-cellulose,
suitable for bulk adsorption are usually
used. Optimization of conditions for ion-
exchange chromatography should, as is
known, affect the ratio of the concentrations
of the target and ballast proteins, their
agreeability and solubility, as well as
hydrophobic or hydrophilic properties [19].
The use of equimolar mixture of L-Arg and
L-Glu to optimize these parameters for PC
purification seems promising, although it is
unclear how the presence of charged amino
acids will affect the adsorption capacity of
the sorbent.

So, we carried out chromatographic pre-
purification of protein C from plasma diluted
with 0.15 M Na-phosphate buffer, pH 6.0, with
and without added amino acids (data are given
in the table). It was found that the addition of
AA reduces the total protein-binding capacity
of DEAE-cellulose, as evidenced by an increase
in the amount of unbound protein by 27.6%
relative to the variant without the addition
of AA. Despite this, a high specific activity of
PCa was found in the eluate in the first variant
(with pre-added AA) while in the second
(without AA) it was not detected at all.

A comparison of the specific activity
of protein C in the eluate and in cryo-poor
plasma shows that the use of AA significantly
optimizes the prepurification stage, which
provides a 5-fold increase in the yield of protein
C. Obviously, this is due to the more efficient
separation of ballast proteins remaining in the
unbound fraction, since the presence of AA
was unfavorable for them. This result is also
confirmed by the data of immunoblot analysis
(Fig. 3).
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It can be seen that, in samples without
AA, protein C (or its fragments) aggregates
with many other plasma proteins, while in the
presence of AA, such protein interactions are
insignificant.

The very low concentration of protein C in
human plasma (~4 mg/L) causes the technical
difficulties that limit the use of conventional
chromatographic techniques for separating
it from other vitamin K-dependent enzymes
with similar physico-chemical properties.
The recovery of proteins present in trace
quantities in human plasma is considered
an expensive, time-consuming and labour-
intensive practice.

Taking into account the properties of
an equimolar mixture of L-Arg and L-Glu
described in [16], we used them to enrich
the crude protein C in the processed cryo-
poor plasma. This approach, as expected,
was effective for the pre-treatment of PC-
containing protein concentrates, since it was
guided by the peculiarities of the surface
topography of the PC.

Apparently, the observed suppression of
amidolytic activity under the synergistic action
of AA is associated with the structure of the
catalytic domain of protein C. As is known,
electrostatic interactions in the domain are
provided by a cluster of acidic AA residues (as
part of the Ca-binding loop), two clusters of
basic AA residues at the entrance to the catalytic
pocket and at its bottom, as well as an extensive
hydrophobic zone [20]. These structural elements
are responsible for the recognition of substrates,
inhibitors and cellular receptors by protein C.
Thus, the synergistic action of AA appears to
block the catalytic center of the (pro)enzyme,
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An equimolar mixture of L-Arg and L-Glu affects the amidolytic activity and protein content
in the fractionation products of cryo-poor plasma on DEAE-cellulose

Activity, OD*min-1 Amount of Specific activity, OD*min "’ "‘mg_1
Fraction P Pact protein, mg P Pact PCa
PBS

plasma 0.219+0.026 0.295+0.031 2.23+0.15 0.098 0.132 0.034

non-binding 0.076+0.017 0.106+0.008 0.98+0.23 0.078 0.108 0.031

washing 0.060+0.010 0.075+0.012 0.43+0.17 0.139 0.174 0.036
eluate 0.099+0.014 0.084+0.022 0.27+0.11 0.367 0.311 -

PBS+ L-Glu+L-Arg

plasma 0.185+0.022 0.274+0.034 2.60=+0.28 0.071 0.105 0.034

non-binding 0.105+0.026* | 0.171+0.031* 1.25+0.28% 0.084 0.137 0.053

washing 0.063+0.012 0.098+0.023 0.41+0.22 0.154 0.238 0.085

eluate 0.094+0.018 0.146+0.018%* 0.28+0.11 0.336 0.521 0.186

Note: * — P < 0.05 for plasma and corresponding chromatographic fractions pretreated with PBS+ L-Glu+L-

Arg vs PBS.

1 2 3

H, 41 kDa

L, 21 kDa

5 6

Fig. 3. Immunoblotting of protein C in cryo-poor plasma and eluate fraction:
line 1 — plasma 1 (diluted with 0.1 M PBS+AA mixture); line 2 — eluate from plasma 1; line 3 — plasma
2 (diluted with 0.1 M PBS); line 4 — eluate from plasma 2; line 5 — 2-fold concentrated eluate from
plasma 2; line 6 — standard of protein C, 1 mcg (H, heavy chain; L, light chain). Samples were reduced with 10%

B-mercaptoethanol

protecting against irreversible inhibition and
nonspecific high molecular weight interactions.

As we have shown, the simultaneous addition
of L-arginine and L-glutamic acid can increase
the solubility of plasma proteins unevenly.
Namely, in our study, the solubility of proteases
with interfering activity increased by 15%, and
the solubility of PC — by 41% . We believe that
this is due to the specific features of the surface
of the PC molecule. Two large oppositely charged

clusters of amino acids at different poles of the
protein C globule [20] can form strong ionic
contacts with any charged components of the
solution (both positively and negatively charged).
Simultaneous neutralization of clusters with a
mixture of oppositely charged L-Arg and L-Glu
can weaken these contacts without decreasing
the PC solubility. In addition, L-glutamic acid
affects the barrier to protein unfolding, i.e.
prevents their denaturation; and together with
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L-arginine tends to mask all protein-exposed
hydrophobic spots, weakening the interaction of
PC with other proteins [15].

As it turned out, the synergism of AA can
also be effectively used at the stage of rough
purification of PC from cryo-poor plasma using
DEAE chromatography step. Apparently,
the equimolar mixture of L-Arg and L-Glu
differently screen ionic and polar groups on the
surface of separated plasma proteins, which
affect their adsorption by the sorbent. When
protein comes into contact with an adsorbent,
the protein can interact with two, three, or more
binding sites, which leads to a polydispersity
of the interaction forces. With the dominance
of anion exchange, DEAE-cellulose can retain
the ability to hydrophobic interactions [19].
Apparently, the AA mixture can correct
(to some extent) the inhomogeneity of the
adsorbent. Interestingly, arginine is known to
prevent hydrophobic interactions by binding
to non-polar amino acid residues presented
on the surface of the protein globule [15, 16].
Together with inhibition of the active centre
of PC and a decrease in its protein-protein
interactions, this can contribute to an increase
in the concentration of PC in the eluate.

Finally, it should be noted that, in addition
to amino acids, the degree of dilution of protein
concentrates directly affects protein-protein
interactions. As follows from our results, after
threefold dilution of cryo-poor plasma, the
amidolytic activity of PCa and other proteases
did not decrease, but, on the contrary, increased.
Interestingly, a similar unexpected result was
obtained in a study [23], where the possibility
of enhanced clotting at moderate degrees of
plasma dilution was revealed. The authors
showed that coagulation is more sensitive to the
decrease in plasma concentration of inhibitors
than procoagulant factors, which is due to the
different kinetics of their reactivity.

Another explanation is based on the dipole
interactions of water molecules with the protein
surface, which is highly heterogeneous due to
local distributions of polar and nonpolar domains
on the protein surface. The ratio of negatively
charged, positively charged and charge neutral
polar and nonpolar amino acids determines the
orientation and dynamics of water molecules
on the surface domains of proteins, thereby
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L-APTIHIH I L-TJIYTAMIHOBA KHCJIOTA
3BLJIBIIYIOTH BMICT IIPOTEIHY C
HA PAHHIX CTAIISAX BUJIIJIEHHS

3 TOHOPCBHKOI IIJIA3SMHA
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CyuacHe BeJaumkoMacIiiTabHe BUPOOHUIITBO
¢hapmMaKoJIOTiUYHKX IIpellapaTiB KPOBi OpieHTOBaHe
Ha PO3IIUPEeHHI HOMEHKJIATYPH IPOAYKTIiB i roim6-
1Ty eKCTPAKIIiIo I[IJILOBUX IIPOTEiHiB, 0COOJIMBO Ha
cTanii iX ImomepesHbOTO OUUINeHHA. 30KpeMa, I
mpobemMa cTae KPUTUYHOIO JJIS BUIiJIEHHS IIPOTe-
imiB, moxi6uux mo nporeiny C (PC), axuit mpucyrT-
Hill y nyia3Mi B HeBeJIMKil KiJbKOCTI.

Mema. MeToto poboTu OYJIO O IIIUTY CKJIAT
Oydepy Tak, 1106 mimimiszysatu Bzaemoziio PC 3
iHmmMy nporeinaMu i gimigamu, sxi 060B’I3KOBO
IPUCYTHI y BUXigHOMY MaTepiaJri.

Memodu. Bmict nporeiny C y nmiasmi Ta ii
IOXiZHMX OIIiHIOBAJIU 34 aMiJOJIITHUYHOIO AKTUB-
HicTIO 00 XpoMoreHHOTro cybecrpary S2366.
3MeHIIIeHHA KiJTbKOCTi TOMOJIOTIUHIX JOMIIIIOK i
3baraueHnus miasmu nporeinom C 3abesneuysain
CceJIeKTUBHOIO 00’ eMHOI0 azicopOirieio Ha [[EAE-1ie-
JIFOJIOBI.

Pesynrvmamu. IlorkasaHno, 10 foJaBaHHSA €KBi-
MOJIAPHOI cyMimti gBox aminokuciaor (L-aprimin i
L-rryraminoBa KucaoTa) icTOTHO 30iaBIITyBaJIO
BMicT nmpoteiny C Ha erairi monepeHbOr0 OUNIIEeH-
Hs Kpios3bigHeHol maasMu, AKUN BKJIOYAE IToUaT-
KOBe PO3BeIeHH i mofasbliie 30araueHHs IJaa3Mu
aporeinom C cesleKTUBHOIO 00’ €MHOIO acOPOITieto
"Ha DEAE-nemtonosi. [JogaTKOBO BUABJIEHO, IO
PO3UMHU IUX aAMiHOKHCJIOT 3a CIIiJIbHOI aii iH-
rioymoTs iHAYKOBAHY aMiJOJITUUYHY aKTUBHICTH
nporeiny C i migBUNIYIOTH 10r0 PO3UMHHICTE (HA
BiAMiHY BijJ iHINIMX IIpoTeas mjiasMu).

Buchnoeokx. Buecenna cymimi L-apriminy i
L-rayraMiHOBOI KHCJIOTH B KPio30igHeHy ILIas-
MYy B CKJIaZi pobouoro Oydepy 3HAUHO OITHUMIi3ye
CcTajiio IoIepeHbOro ounIieHHs mporeiny C, 3a-
Oesreuyoun S-KpaTHe 30iJabIIIeHHA H0T0 BUXOAY
micisa esronii 3 DEAE-1esronosu.

Kawuosi caosa: nporein C; mJOHOpPCHbKA ILIasMa;

dpakiionyBauus; L-aprimin; L-rayraminosa
KHCJIOTA.
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CoBpeMeHHOE KpyIHOMACHITA0OHOE IPOM3-
BOZICTBO (DapMAaKOJIOTHUECKUX ITPernapaToB KPOBU
OPUEHTHUPOBAHO HA pacCIlIupeHre HOMEHKJIATYPhI
MPOAYKTOB 1 GoJiee TIIYOOKYIO SKCTPAKIIHIO ITeJie-
BBIX IIPOTEMHOB, 0COOEHHO Ha CTaANM MX IpeiBa-
puTeabHOI ouMCTKHU. B wacTHOCTH, 3Ta IpobieMa
CTAHOBUTCS KPUTUYECKOM [IJISI BBIZEJIEHUS [IPOTe-
WHOB, ToA00HBIX mpoTenny C (PC), KoTopkIit Tpu-
CYTCTBYET B IIJIa3Me B CJIeIOBBIX KOJNUECTBAX.

I[enw. Ilenbi0 paboThI OBLJIO YIYUIIIUTE COCTAB
O0y(depa TaK, YTOOBI MUHUMU3UPOBATH B3aUMOIei-
crtBue PC ¢ aipyrumMu mpoTemHaMU U JUIHAAMU,
KOTOpbIE Hen30eXHO IPUCYTCTBYIOT B UCXOJHOM
MaTepuale.

Memodvt. Comepskanue nporensa C B maasme
U ee IPOU3BOAHBIX OIEHUBAJU IO aMUIOJUTH-
YeCcKOli aKTUBHOCTH K XPOMOTE€HHOMY CyOCTpaTy
S2366. YMeHbllIeHNEe KOJIUYECTBA TOMOJOTUUHBIX
npumMeceil u oboraleHune miaasMbl mporenaom C
obecreunBaju CeJIEKTUBHON 00beMHOI amcopo-
nuedt Ha [[OAI-1entiono3e.

Pesyavmamut. IlokaszaHo, 4T0 SKBUMOJIAD-
Hasd cMech ABYX aMuHOKucaOT (L-apruHuH u
L-rayTaMuHOBasA KHCJIOTA) CYIIEeCTBEHHO YBEJIU-
yuBaJia comep:kanue nmporenna C ma srare mpeji-
BapuUTEJbHOU OUMCTKHN KPUOOOETHEHHOU mJjas-
MBI, BKJIIOUAIOIIeM HadaJbHOEe pasbaBiieHUe U
mocJjenyioliee oboraineHne MaIasMbl IPOTEUMHOM
C 3a cueT ceJIeKTUBHOII 00'beMHOM amcopOIIuu Ha
DEAE-nenmiomnose. [[omoJHUTEIHHO BHIABIECHO,
YTO PACTBOPHI STUX AMUHOKHCJIOT IIPU COBMECT-
HOM JeHCTBUU WHTHUOUPYIOT MHAYIIMPOBAHHYIO
aMUIOJUTUYECKYI0O aKTUBHOCTS IIpoTenta C u mo-
BBIIIIAIOT €T0 PACTBOPUMOCTSE (B OTJIMUME OT APY-
TUX IIPOTEea3 IJIa3MbI).

Buvieod. Bueceunume cmecu L-aprunuwHa u
L-rayTaMuHOBOW KHCJIOTBI B KPHOOOEIHEHHYIO
mJIasMy B cocTaBe pabouero 6ydepa 3HAUUTEIHLHO
OIITUMUBUPYET CTAUIO IIPEJBAPUTEIHHOI OUNCTKA
nporeuna C, obecreunBas H-KpaTHOe yBeJINUeHIe
ero BeIxoza mocie suronun ¢ DEAE-11e/111010351.

Knwouesvte cnosa: nporenn C; mOHOPCKAas ILaas-
Ma; ¢QpaxnuonmpoBanmue; L-aprunuu; L-rayra-
MUHOBaA KUCJIOTA.





