ISSN 2224-5308 Series of biological and medical. 5. 2019

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES OF BIOLOGICAL AND MEDICAL
ISSN 2224-5308
Volume 5, Number 335 (2019), 63 - 71 https://doi.org/10.32014/2019.2519-1629.49

IRST 31.15.27
A. Okasov', S. Kitada®, A. Kalimagambetov’, N. Akhmatullina’, A. Ilin'

'Scientific Center for Anti-Infectious Drugs, Almaty, Kazakhstan,
*Kyushu Technical Institute, lizuka, Japan,
’Al-Farabi Kazakh National University, Almaty, Kazakhstan.
E-mail: 16x4@mail.ru, kitada@bio kyutech.ac jp, Aitkali.Kalimagambetov@kaznu kz, ilin_ai@mail.ru

In vitro COMPARABLE ANALYSIS OF CARCINOLYTIC ACTIVITY
OF MUTANT PROTEIN PARASPORIN-2 ON THE HUMAN
HEPATOCARCINOMA CELL MODEL

Abstract. The paper presents the results of the study on the effect of amino acid substitution in the receptor-
binding and transmembrane domain of the carcinolytic bacterial protein parasporin-2 on cytotoxic activity against
the Hep G2 (human hepatocarcinoma) tumor cell line. The substitution of amino acids tyrosine for alanine and serine
for cysteine was carried out by introducing a point mutation into a recombinant plasmid DNA containing the
sequence of the gene encoding the paraspirin-2 protein with a polyhistidine tag. 3 new mutant parasporins 2 were
prepared by substituting amino acids in two protein domains. A tenfold reduction in the cytotoxic activity of para-
sporin-2 was observed when the amino acid tyrosine was substituted for alanine in the receptor-binding domain of
the protein; serine to cysteine substitution had no significant effect on the carcinolytic activity. The resulting data
and experimental samples could be used for searching targets on the surface of tumor cells by means of affinity
chromatography.
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Introduction. Parasporins are genealogically heterogencous Cry proteins synthesized by the bac-
terial species Bacillus thuringiensis. A characteristic feature of parasporins is high cytotoxic activity
against human cancer cells of various origins. Proteins exhibit cytotoxic activity only after proteolytic
activation (Ohba M., 2009: 427).

Mizuki et al. studied for the first time the parasporal inclusion proteins isolated from a total of 1744
B. thuringiensis strains. They determined the cytotoxic activity against human leukaemia T cells and
hemolytic activity against sheep erythrocytes. It was concluded that the B. thuringiensis protein inclusions
could be used for medical purposes (E. Mizuki, 1999: 477).

Further studies of the unusual properties of the B. thuringiensis parasporal inclusions and their ability
to recognize human leukaemia cells discovered a protein named parasporin, which is responsible for
carcinolytic activity. This protein was subsequently cloned (Mizuki E., 2000: 625).

Different research groups later found new strains producing carcinolytic parasporal inclusions and
characterized their parasporins (Ito A., 2004: 21282; Brown K., 1992: 549; Saitoh H., 2006: 2935; Naga-
matsu 2010: 494; Okumura S. 2004: 89; Okumura S., 2013: 1889).

Parasporin-2 is a carcinolytic non-hemolytic and non-insecticidal protein toxin derived from the B.
thuringiensis parasporal inclusion. This pore-forming protein has a mass of 37 kDa, consists of 338 amino
acids, the length of the coding gene is 1014 bp. To manifest cytotoxic activity, it requires the presence of
GPI-anchored proteins, which indicates the possibility of pore formation in raft domains of the tumor cell
membranes (Lee D., 2000: 218).

The active form of recombinant parasporin-2 was crystallized in the presence of ethylene glycol and
polyethylene glycol 8000 at neutral pH (Akiba T., 2004: 2355). Hayakawa et al. reported about a new Cry




News of the National Academy of Sciences of the Republic of Kazakhstan

protein that exhibited strong cytotoxicity against human leukaemia T cells, which was cloned from the B.
thuringiensis Tth-E6 strain. The protein designated as parasporin-2Ab (PS2Ab) is a polypeptide
composed of 304 amino acid residues with a molecular weight of 33,017. The deduced amino acid
sequence of PS2Ab showed significant homology (84% identity) with parasporin-2Aa (PS2Aa) from the
B. thuringiensis strain A1547. Upon processing of PS2Ab with proteinase K, the active form of 29 kDa
was produced. The activated PS2Ab showed potent cytotoxicity against MOLT-4 and Jurkat cells, and the
ECs, values were estimated as 0.545 and 0.745 ng/mL respectively. The cytotoxicity of PS2Ab was
significantly higher than that of PS2Aa. Although both cytotoxins were structurally related, it was
believed that the detected minor differences in amino acid sequence were responsible for the different
degrees of cytotoxicity of PS2Ab and PS2Aa (Hayakawa T., 2007: 278). Cytological and biochemical
observations on PS2Aa showed that the protein is a pore-forming toxin. To confirm this hypothesis, Akiba
et al. have determined the crystalline structure of its active form with a resolution of 2.38 A. The protein
is unusually clongated and consisted mainly of long B-pleated sheets aligned along its long axis. It is
similar to the acrolysin-type B-pore-forming toxins, the similarity with which confirms the pore formation
hypothesis. The molecule can be divided into three domains: Domain 1, comprising small B-pleated sheets
flanked by short o-helices, is probably the receptor-binding domain. The other two are both “beta-
sandwich” domains, which are thought to be involved in oligomerization and pore formation. Domain 2
has a putative channel-forming B-hairpin, characteristic of the acrolysin-type toxins. The surface of the
protein has an extensive track of exposed side chains of serine and threonine residues. This might orient
the molecule on the cell membrane when Domain 1 binds to the target until oligomerization and pore
formation are initiated. The B-hairpin has such a tight structure that it seems unlikely to be oligomerized,
as postulated in a recent model of pore formation developed for acrolysin-type toxins. The spontancous
oligomerization lock model is proposed as an inactivation mechanism by the N-terminal inhibitory
segment (Akiba T, 2009: 121).

Studies on the cytotoxic effect of parasporin-2 have showed that unlike parasporin-1, it increases the
permeability of the plasma membranes of tumor cells (Ohba M., 2009: 427; Petit L., 1997: 6480).
Cytoplasmic lactate dehydrogenase flows out of the treated HepG2 cells, while extracellular propidium
iodide enters the cytoplasm. The initial stage of the cytotoxic effect of parasporin-2 is the specific binding
of the toxin to a putative receptor protein, not yet identified, which is located in a lipid raft of the plasma
membrane of tumor cells susceptible to this protein. This is followed by the formation of oligomers of
parasporin-2 in the plasma membranes, which leads to the pore formation and cell lysis (Petit L., 1997:
6480). Oligomerization occurs in the presence of membrane proteins, a lipid bilayer, and cholesterol. It
should be noted that substantial homology exists in amino acid sequences between PS2Aal and
Clostridium perfringens epsilon-toxin, whose cell action mechanism involves the toxin oligomerization in
lipid rafts and pores formation in the plasma membrane (Petit L., 1997: 6480).

Abe et al. (Abe Y., 2005: 113) examined the mechanism of action of parasporin-2. They found that
the toxin binds to the surface of target cells and increases the permeability of the plasma membrane.
Subcellular fractionation and immunoblotting of the cells treated with the toxin showed that the toxin is
associated with lipid rafts and forms SDS-resistant oligomers. The binding and oligomerization of the
toxin was inhibited by treating the cells with phosphatidylinositol-specific phospholipase C. The
interaction of parasporin-2 with glycosylphosphatidylinositol proteins was therefore required to form an
oligomeric toxin that could penctrate the plasma membrane (Abe Y., 2005: 113). Abe et al. (Abe Y.,
2008: 269) examined the mechanism of action of parasporin-2 on the human HepG2 (hepatomocar-
cinoma) cell line and showed that this Cry toxin targets lipid rafts and is assembled into oligomeric
complexes in the tumor cell membrane. The authors concluded that this protein is a pore-forming toxin
that accumulates in lipid rafts of tumor cells. Recently, Bokori-Brown et al. (Bokori-Brown M., 2011:
4589) showed that the e-toxin produced by Clostridium perfringens (the etiological agent of dysentery in
newborn lambs, enteritis and enterotoxicity in goats, calves and foals) forms heptameric pores in the
membranes of the target cells in the same way as parasporin-2.

Since little is known about the receptor molecules that bind parasporins and the mechanism of
antitumor activity, Krishnan et al. (Krishnan K., 2010: 86) conducted a study with the Malaysian isolate
B. thuringiensis 18. It produces a parasporal protein that exhibits predominant cytotoxic activity against
human leukaemia T cells (CEM-SS), but is non-cytotoxic against normal T cells and other cancer cell
lines, such as human cervical cancer (HeLa), human breast cancer (MCF-7) and colon cancer (HT-29),
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showing properties similar to those of parasporins. The study was aimed at identifying a binding protein
for the B. thuringiensis 18 parasporin in human leukemic tissues. The protein was separated using the
Mono Q ion-exchange column in HPLC system using antibodies against the purified 68-kDa parasporal
protein. A receptor binding assay was used to determine the binding protein for the Bt18 paraspore protein
in CEM-SS cells, the identified protein was sent for N-terminal sequencing. Double immunofluorescence
staining was applied to localize B. thuringiensis 18 and the binding protein on the surface of CEM-SS
cells. The findings of this study showed that ion-exchange separation of Bt18 parasporal proteins yielded
a 68-kDa parasporal protein with cytotoxic activity. Polyclonal IgG (anti-B. thuringiensis 18) for the 68-
kDa parasporal protein was successfully prepared and purified. An analysis of receptor-binding showed
that the B. thuringiensis 18 parasporal protein is bound to a 36-kDa protein from the CEM-SS cell lysate.
N-terminal amino acid sequence of the 36-kDa protein was GKVKVGVNGFGRIGG, and glyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) was found to be a binding protein. Double immunofluo-
rescence staining showed co-localization of the B. thuringiensis 18 parasporin and GAPDH on the plasma
membrane of the CEM-SS cells. GAPDH has been well known as a glycolytic enzyme, but it was recently
discovered that GAPDH has a role in apoptosis and carcinogenesis. Pre-incubation of the anti-GAPDH
antibody with CEM-SS cells decreases binding of Bt18 parasporin to the susceptible cells. Based on a
qualitative analysis of the immunoblotting and immunofluorescence results, GAPDH was identified as a
binding protein located on the plasma membrane of CEM-SS cells for the Btl8 parasporal protein
(Krishnan K., 2010: 86).

The purpose of the study was to determine the effect of amino acid substitution in the transmembrane
and receptor-binding domains in parasporin-2 on in vifro carcinolytic activity.

Materials and Methods. Plasmids, bacteria and culture conditions. The recombinant pET-23a (+)
plasmid carrying the parasporin-2 gene was used (Okumura S., 2005: 6313). DH5a competent E. coli
cells were used for intermediate transformation, and F. coli BL21-Al was used as a producer strain to
prepare mutant parasporins 2. Bacteria were cultured in agar and liquid LB culture medium in the pre-
sence of 0.1% ampicillin. Plasmids were isolated using the WizardTMPlus SV Minipreps DNA Purifi-
cation System adsorption kit (Promega) (Poornima K., 2010: 348).

Tumor cell line and culture conditions. Hep G2 (hepatocarcinoma) tumor cell line was grown in
RPMI medium supplemented with 10% FBS in the presence of ampicillin (100 pg/mL), at 37 °C, 5% CO,
(Kitada S., 2006: 26350).

DNA manipulations. PCR conditions: 1 cycle at 95°C for 30 seconds, 16 cycles at 95°C for 30
seconds, 1 minute at 55°C, and a final incubation at 68 “C for 15 min (Okumura S., 2005: 6313).

DNA clectrophoresis was performed in 6% polyacrylamide gel prepared with 0.5 X TBE buffer of
the following composition: 0.089 M Tris-borate, 0.089 M boric acid, 2 mM EDTA. In order to allow gel
to polymerize, 300 ul of 10% ammonium persulfate and 30 pl of TEMED (Kitada S., 2009: 80) were
added to 50 ml of the solution.

DNA sequencing. The obtained PCR products were analyzed on the Beckman CEQ™ 8000 Genetic
Analysis System capillary sequencer. DNA sequences were compared with the original sequence
encoding parasporin-2 using the BLAST NCBI service (http://blast.ncbi.nlm.nih.gov).

Protein expression, isolation, and analysis. 2.5 ml of an overnight transformed E. coli BL21-Al
culture was added to 250 ml of fresh LB medium comprising 0.1% ampicillin, and then cultured for 3-
4 hours until an OD600nm of 0.6-0.8 was reached. The expression of target protein was induced by the
addition of isopropyl-p-D-1-thiogalactopyranoside (IPTG) at a final concentration of 0.2 uM. Protein
purification was carried out on the HisTrap FF (GE) 5 ml chromatography column; the concentration was
measured by the Lowry method at 750 nm. The compliance of the samples with the molecular mass of
parasporin-2 was determined by polyacrylamide gel electrophoresis (Akiba T., 2009: 121).

Determination of cytotoxic activity. LDs, was determined by analyzing the amount of formazan
(MTS test) in cell culture at a wavelength of 490 nm in 96-well plates with Cell Titer 96 Proliferation
assay kit (Promega). The number of cells per well in 90 pl was 2x10*. Triton X-100 was used as a positive
control, and physiological saline served as a negative control (Brown K., 1992: 549).

Results and Discussion. Parasporin-2 was chosen as the object of study, since it is the most effective
antitumor parasporin possessing low-level cytotoxicity against normal human cells (table 1) (Okumura S.,
2013: 1889; Lee DW._, 2000: 218; Okumura S., 2005: 6313; Poomima K., 2010: 348; Namba A., 2003:
29; Uemori A, 2005: 122; Yasutake K., 2005: 124; Kitada S., 2009: 121; Akiba T., 2009: 121).
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Table 1 — Cytotoxic activity of various parasporins against tumor and normal human cells (Okumura S. et al.)

Cell line Characteristics LDso (ug/mL)
of cells Parasporin-1 Parasporin-1

MOLT-4 T-cell leukaemia 22 0.022 >10 0472
Jurkat T-cell leukaemia >10 0.018 >10 >2
HL-60 T-cell leukaemia 0,32 0.019 1,32 0.725
T cell Normal T cells >10 - >10 >2
HepG2 Hepatocarcinoma 3,0 0.019 2.8 1,90
HC Normal hepatocytes >10 1.1 >10 >2
Hela Cervical cancer 0,12 2.5 >10 >2
Sawano Uterus cancer >10 0.0017 >10 0.245
TCS Cervical cancer - 7.8 >10 0.719
UtSMC Normal uterus cells >10 2.5 >10 >2
Caco-2 Colon cancer >10 0.013 >10 0.124

Two main functional domains can be identified in parasporin-2: transmembrane and receptor-
binding. The recognition domain is represented by beta-pleated regions and short alpha-helices, and in
contrast to the transmembrane domain, has a greater number of aromatic amino acids in absolute value
(Kitada S., 2009: 80).

Table 2 — Mutant parasporins obtained upon amino acid substitutions

Amino acids in the original parasporin-2 Amino acids Functional
SN subjected to substitution in the modified parasporins 2 Domain
and their position in the sequence and their position in the sequence
1 Serine 297 Cysteine 297 Transmembrane
2 Serine 297, Cysteine 111 Cysteine 297, Serine 111 Transmembrane
Serine 297, Cysteine 111, Tryptophan 81 Cystein €297, Serine 111, Alanine 81 Receptor-binding

Substitution of semantic triplets was carried out using the QuikChangeTMSite-Direct Mutagenesis
Kit (Stratagene) with the following primers to replace the corresponding amino acids:

S297C-forward (5°-TCATCTAGTAAACAGCGTGCTGGTTGCAC-3"),

S297C-reverse (5°-GCAACCAGCAGCGTGTTTACTAGATGAAC-3’),

Cl11S-forward (5°-TTTTTATAGCTATAGTATCCATATTGAGC-3"),

Cl11S-reverse (5°-TATGGATACTATAGCTATAAAAATGTTGG-3"),

Y81A-forward (5’-GGGATTAGTACCAGCAATAGAGGAAAATCTAG-3’),

Y81A-reverse (5°-TCCTCTATTGCTGGTACTAATCCCGATGG-3").

The validity of the mutations was confirmed during the comparison (alignment) of DNA sequences
obtained as a result of performed sequencing:

Query 43
ATGAGAGGATCGCATCACCATCACCATCACGACGTTATTCGAGAATATCTTATGTTTAAT 102

T

Sbjct 1

ATGAGAGGATCGCATCACCATCACCATCACGACGTTATTCGAGAATATCTTATGTTTAAT 60

Query 103
GAGTTATCAGCATTAAGTTCAAGTCCAGAAAGTGTAAGATCTAGATTTTCCTCTATTTCT 162
T
Sbjct 61
GAGTTATCAGCATTAAGTTCAAGTCCAGAAAGTGTAAGATCTAGATTTTCCTCTATTTAT 120
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Query 163
GGTACTAATCCCGATGGTATTGCATTAAATAATGAAACGTATTTTAACGCCGTAAAACCG 222
T
Sbjct 121
GGTACTAATCCCGATGGTATTGCATTAAATAATGAAACGTATTTTAACGCCGTAAAACCG 180

Query 223
CCTATTACTGCTCAATATGGATACTATAGCTATAAAAATGTTGGGACTGTTCAGTACGTA 282
IR
Sbjct 181
CCTATTACTGCTCAATATGGATACTATTGCTATAAAAATGTTGGGACTGTTCAGTACGTA 240

Query 283
AATAGACCTACTGATATTAACCCAAACGTTATTCTTGCTCAAGACACATTAACAAATAAT 342
TR
Sbjct 241
AATAGACCTACTGATATTAACCCAAACGTTATTCTTGCTCAAGACACATTAACAAATAAT 300

Query 343
ACTAATGAACCATTTACTACAACTATCACTATAACTGGGTCTTTTACCAACACGTCTACT 402
TN
Sbjet 301
ACTAATGAACCATTTACTACAACTATCACTATAACTGGGTCTTTTACCAACACGTCTACT 360

Query 403
GTGACATCTAGTACAACAACAGGCTTTAAATTTACTAGTAAACTATCAATTAAAAAAGTC 462
TN
Sbjct 361
GTGACATCTAGTACAACAACAGGCTTTAAATTTACTAGTAAACTATCAATTAAAAAAGTC 420

Query 463
TTTGAAATTGGTGGAGAAGTTTCATTCTCTACTACAATTGGAACATCTGAAACAACTACA 522
TN
Sbjct 421
TTTGAAATTGGTGGAGAAGTTTCATTCTCTACTACAATTGGAACATCTGAAACAACTACA 480

Query 523
GAAACAATTACTGTATCTAAATCCGTTACGGTTACGGTTCCAGCTCAAAGTAGAAGAACT 582
TN
Sbjct 481
GAAACAATTACTGTATCTAAATCCGTTACGGTTACGGTTCCAGCTCAAAGTAGAAGAACT 540

Query 3583
ATTCAGTTAACAGCTGAAATAGCAAAAGAATCTGCAGACTTTAGTGCTCCTATT 635
AT
Sbjct 541
ATTCAGTTAACAGCTAAAATAGCAAAAGAATCTGCAGACTTTAGTGCTCCTATT 594

The compliance of molecular mass of the pET-23a(+) plasmid vector encoding mutant parasporins
was determined by means of agarose gel electrophoresis (aigure 1).

Cytotoxic concentrations of mutant parasporins (LDs;) showed an almost tenfold decrease in
carcinolytic activity when an aromatic amino acid tryptophan was substituted to an aliphatic amino acid
alanine in the receptor-binding domain in the absence of significant changes in cytotoxic concentrations in
the case of serine to cysteine substitution in transmembrane regions of parasporin-2 (figure 2).
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Figure 1 — Electrophoregram of pET-23a(+) plasmid
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Figure 2 — Cytotoxic concentration (CTCsp) of mutant parasporins
and native parasporin-2 in HepG2 (human hepatocarcinoma) cell line.
Native PS-2 - 0.027 pg/ml; mutant parasporins S297C - 0.035 pg/mL;

S297C, C111S - 0.031 pg/mL; S297C, C1118, Y81A - 0.25 pg/mL.

Conclusion. The findings of this study showed the effect of amino acid (serine, alanine, and trypto-
phan) substitutions on the carcinolytic activity of parasporin-2. It was found that the substitution of
tryptophan to alanine in the receptor-binding domain of the protein had the greatest effect, which suggests
the localization of the epitope in this region, which is responsible for affinity for the potential receptor on
the surface of tumor cells for this particular anticancer protein agent. We believe that the resulting mutant
parasporin-2 can be used as a control upon conjugation with potential targets of tumor cells to exclude
molecules that enter into non-specific interaction, for example, in Western blotting.

Serine to cysteine and cysteine to serine substitutions in the transmembrane domain of parasporin-2
did not significantly affect the cytotoxic activity. This makes it possible to use this mutant parasporin-2
for chemical crosslinking with a high molecular weight carrier (gel, chromatography column, etc.)
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through the sulthydryl group of cysteine in order to determine surface targets by the way of their
conjugation with the parasporin-carrier complex.

Establishment of the mechanism of action and targets for antitumor parasporins will determine the
surface antigenic determinants of cancer cells; studies on their structures make it possible to develop more
effective synthetic drugs. Determination of the most significant amino acids and epitopes in the receptor-
recognizing part of parasporins enables iz silico selection of a target from a database of known tumor
antigens, as well as a development of a less effective parasporin, which can be used as a negative control
when conjugating with potential surface targets of tumor cells in order to exclude molecules entering into
interaction in a non-specific way, such as hydrophobic interaction.
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AJTAMHEIH TETATOKAPITHHOMA CBIHEIH, JKACYIIAJIBIK YJITICTHAETT
TAPA CIIOPHH-2 MYTAHTTEI TPOTEWHIHIH CAJIBIC TERIPMAJIBI TAJIAYEI

Annoramust. Maxkanaga TlapnpuanuH-2 OaKTEPHACHIHBIH KAPIHUHOIUTHKANBIK OAKTCPHSIBIK AKYbI3bIHBIH
PeUENTOPIIbI-OaHIAHBICTHIPY IIBI YKOHE TPAHCMEMOPAHAIBIK aHMAFBIH/IA AMUH KBIIIKBUIBIHBIH, AIMACTBIPBITY SCEPIH
3eprrTem, HoTmkeaepl OotipHma Hep G2 skacymamapelHBIH (aIAMHBIH TCIATOKAPIIHHOMACH) ICIK KaCyIIAKIAPBIHA
KapChl OUTOTOKCHKAJBIK OCJICCHILTIKKE OCEPiH 3€PTTEY HOTIHKEIEPl KENTipiireH. THPO3WH aMHHKBIIKBUIIAPHIH
AJTAaHWH,CEPHH >KOHE [UCTCHHIC AIMACTHIPY, NMAPACIOPUH-2 MPOTCHHIH MOJMHUCTHAWH TCTIMEH KOATAWTBHIH TCHHIH
mofiekrimiri O6ap pekoMOmHAHTTH MaasMuATik JHK-Fa HYKTCIK MyTamusA CHTI3Y JKOJBIMCH KY3CTC ACHIPHLIIBL
AMWHKBIIIKBUTIAPBIH €Ki aKybI3 aiiMarblHA ayCybIMEH 3 >KaHA MYTAaHTHI IapacropuHa-2 amsrHasl [lapacmmpua-2
IUTOTOKCHKAIBIK OCICCHIUTITIHIH OH €C¢ TOMCHACY! AMHHKBIIIKBLI THPO3HHI OCJOKTHIH PCICITOPIBI-0aiIaHbIC-
THIPY aHMarbIHJA AJTAHWHMCEH AJIMACTBIPBUIFAH Ke3ne OaWKaiabl, Oy MHCTCHHMEH CEPHHMI aIMACTHIPY KAapIHMHO-
JUTHKAIBIK OCICEHITITIHG aUTapIbIKTal ocep eTmeAl. ANBIHFAaH MOMIMETTED MEH ChIHAMA YITiiepi icik skacyIma-
JIAPBIHBIH OCTIHAC MAKCATTHI XpoMaTorpa(us apKbLTHI i3A¢yTe 00MaIbL.

Tyiiin ce3aep: MyTanusiap, mapacmopruHACP, KICTKAIBIK KbIPAIap, UTOY IbLIBIFBL.
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In vitro CPABHUTEJIBHBIA AHAJIN3 KAHIIEPOJIUTUYECKON AKTUBHOCTH
MYTAHTHOI'O BEJIKA TAPACIIOPHHA-2
HA KJIETOYHOU MOJEJHU I'ETATOKAPIIUHOMBI YEJTOBEKA

AnnoTanus. B craThe MpeacTaBIeHbI PE3yIbTAaThl HCCIACAOBAHMS BIMSHIS 3AMCHBI AMHHOKHCIIOT B PELIETITOP-
CBSI3BIBAIOINCM M TPAHCMEMOPAHHOM JOMCHE KAHICPOIHTHICCKOTO OAKTEPHATIBHOTO OCIIKa MapacHopuH-2 HA MUTO-
TOKCHYECKYI0 aKTHBHOCTH HPOTHB OIyXOJICBOH KyIbTyphl KieTok Hep G2 (remaTokapmuHOMa 4EIOBEKA). 3aMEHA
AMHHOKHCJIOT THPO3MHA HA AJAHWH W CEPHHA HA NHCTEHH OCYMICCTBIBLIACH IOCPEACTBOM BBEACHHSI TOUCUHOM
MyTamuu B PeKOMOHHAHTHYFO TasMumayro JHK, comepkamyro mocieaoBaTeIbHOCTh TCHA, KOTHPYIOMYI OCI0K
MAPACHOPHH-2 ¢ MOJUTHCTHIUHOBBIM TArOM. I10JIy4eHO 3 HOBBIX MyTAHTHBIX MAPACIIOPHHA-2 C 3AMCHOH AMHHOKHC-
JOT B ABYX JIOMEHAX Ocnka. bbUIo YCTAHOBICHO JECATHKPATHOE CHIDKCHUE IUTOTOKCHYICCKOM AKTHBHOCTH MAPacIio-
pHuHA-2 TP 3aMEHE AMHUHOKWCIIOTHI THPO3MHA HA ATAHWH B PELENTOP-CBA3BIBAIOIIEM JOMEHE OCIIKA, 3aMECHA CEPHHA
HA [HUCTCHH HE OKA3aJI0 3HAYMTEIHFHOTO BJISHUS HA KAHICPOIMTHHUCCKYIO AKTHBHOCTH. [l0JIyUCHHBIC JAHHBIC H
OTIBITHBIE 00PA3IBI MOTYT OBITH UCIIOJIB30BAHbI U IIOMCKA MUIICHEH HA IOBEPXHOCTH OILYXOJIEBBIX KIETOK IIOCPEI-
crBoM a(pmHHON XpoMaTorpadum.

Kimo1ueBsbie cj10BA: MyTaIuy, MAPACIIOPUHbL, KICTOYHBIC JIMHAUH, IIATOTOKCHYIHOCTb.
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