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The cellular cysteine is highly regulated in a narrow range of concentrations due to its cyto- and
neurtoxicity when it is overwhelmed or its deficiency for protein synthesis and other vital metabolic reactions
when its amount is restricted. The regulation of cysteine content and its metabolic products, glutathione, tau-
rine and inorganic sulfur compounds, is scarcely explored in human placenta though cysteine metabolism is
closely related to the maintenance of redox status and protection from free radical oxidation, elimination of
homocysteine and detoxification. These processes are particularly important for placenta which meets sub-
stantial changes of oxygen supply during its development, and is the last metabolically active organ between
mother and fetus. The abundance of CDO, CSAD, ADO, SUOX, GCLC and GCLM mRNAs was estimated
by RT-qPCR and compared with the computationally analyzed microarray gene expression data from GEO,
while the level of individual protein — by western-blot analysis, both in placental samples from first and third
trimesters of uncomplicated pregnancies. The abundance of CDO mRNA is significantly up-regulated at term
compared to the first trimester, the level of GCLM and GCLC mRNAs remains almost unchanged while the
abundance of other mRNAs reduces to varying degrees. Overall, the changes of gene expression in third tri-
mester in comparison to the first one estimated by RT-qPCR and microarray coincide while the former data
are more informative for the limited group of genes. The data provide the basis for further research of these
genes expression and phenotype of human placenta in health and disease
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uman placenta is involved not only in the
H transport of substances between mother

and her child, but it is a metabolically ac-
tive organ, which activity depends on the stage of or-
gan development, state of maternal metabolism, her
diet and lifestyle. Disorder in placental metabolism
adversely affects fetal development and maternal
health, and also affects the health of the child and
mother later in their life [1-3]. In this paper, the au-
thors have focused on the study of genes expression
involved in cysteine metabolism in human placenta.
L-cysteine is an essential amino acid. It enters the
body with diet and is synthesized in the homocystei-
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ne transsulfuration pathway [4, 5]. The latter process
is a key to homocysteine utilization and failures in
this pathway can lead to accumulation of toxic ho-
mocysteine [5].

Cysteine concentration in the cell has to be in
the balanced state providing the processes of protein
synthesis, production of glutathione, the biosynthesis
of coenzyme A and taurine, the elimination of sulfur
compounds through the formation of non-hazardous
organic and inorganic derivatives [6, 7]; and at the
same time it has to be maintained at a level below the
threshold of cytotoxicity due to cysteine tendency
to autoxidation causing oxidative stress [8, 9]. Both
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accumulation and shortage of cysteine during preg-
nancy especially in the placenta lead to pathological
consequences.

The formation of non-toxic end products of
cysteine catabolism occurs via two main ways,
namely direct oxidation (cysteine sulfinate-
dependent pathway) and 3-mercaptopyruvate path-
way, i.e. by transamination. The formation of in-
organic sulfate and organic compounds such as
hypotaurine/taurine, as well as glutathione synthesis
as temporary nontoxic storage for cysteine, enable
to keep a balance of cysteine within certain limits to
provide the necessary tissue metabolites and main-
tain the cellular redox potential. Given the natural
changes of oxygen supply in the placenta during
pregnancy, maintaining the redox potential of tissue
is particularly important for the placenta and fetus
development [10]. So the transition from the first
trimester of pregnancy when the placenta and fetus
exist with almost no access to external oxygen, into
the second trimester is accompanied by dramatic in-
crease of oxygen access to placenta, when blood ex-
change with maternal organism is established [1, 11].

The general scheme of cysteine transformation
is represented in Fig. 1. In the first step of cysteine
catabolism via the cysteine sulfinate-dependent path-
way the non-heme iron cytosolic enzyme cysteine
dioxygenase (CDO, EC 1.13.11.20) catalyzes the in-
corporation of two atoms from molecular oxygen
into the cysteine structure to form cysteine sulfinate.
This reaction is irreversible. Next, cysteine sulfinate
is decarboxylated by pyridoxal phosphate-dependent
enzyme cysteine sulfinate decarboxylase (CSAD,
EC 4.1.1.29) to form hypotaurine or converted into
pyruvate and sulfite by aspartate aminotransferase
(EC 2.6.1.2). It is believed that CSAD is the rate-
limiting enzyme in the hypotaurine biosynthesis
pathway [12, 13]. The oxidation of sulfite to sulfate
is the final step in the catabolism of many sulfur-
containing compounds. This reaction is catalyzed
by the enzyme sulfite oxidase (SUOX; EC 1.8.3.1)
located in the mitochondria and uses cytochrome C
as a terminal electron acceptor. [14].

There is an alternative pathway of hypotaurine
synthesis from cysteine associated with the synthe-
sis and degradation of coenzyme A to cysteamine
with its subsequent oxidation by 2-aminoethanethiol
dioxygenase (ADO, EC 1.13.11.19). Hypotaurine is
further oxidized to taurine [15, 16].

Cysteine is required for the glutathione syn-
thesis. Formation of y-glutamylcysteine is the first

and limiting step in the synthesis of glutathione
and catalyzed by glutamate-cysteine ligase (GCL,
EC 6.3.2.2), consisting of two subunits - catalytic
(GCLc) and modifier (GCLm). Joining modifier
subunit to catalytic regulates enzyme activity. Both
subunits are encoded by different genes in mammals
[27].

Despite a rather thorough study of cysteine
metabolism and expression of respective genes in
the mammalian liver [5], similar processes in the
human placenta are almost unstudied. Human pla-
centa differs significantly from the liver in the pat-
tern of expressed enzymes and the level of their
expression [18-20] which are unique at each stage
of placental development. Though the cysteine me-
tabolism in the placenta is poorly investigated, there
is a relatively large amount of indirect data pointing
to its significance, e.g. oxidative stress in the organ
plays a significant role in numerous complications
of pregnancy, especially in preeclampsia [19-21];
high concentration of total cysteine in plasma of
preghant women is accompanied by an increased
risk of preeclampsia, premature birth and low birth
weight [9]; the elevated cysteine concentration in
placenta at C/T genotype of methylentetrahydro-
folatereductase reduces the glutathione concentra-
tion [19]; transport of taurine through the placenta is
important for placental cells differentiation and it is
associated with mother obesity [22, 23].

The aim of our study was to assess expression
of genes encoding enzymes involved in the cysteine
metabolism in human placenta from uncomplicated
pregnancy by determining the abundance of respec-
tive mRNAs in human placental samples from the
first and third trimesters of gestation. This study is
a part of folate-dependent and associated process-
es research in human placenta in uncomplicated
and complicated pregnancy which is conducted in
the laboratory of systems biology IMBG NAS of
Ukraine [19, 20, 24, 25]. The obtained data will
form the basis for further research of these enzymes
expression and placental phenotype on the whole in
health and disease. Our research contemporizes with
the launching of “The human placenta project” initi-
ated by the National Institute of Child Health and
Human Development, USA (https://www.nichd.nih.
gov/research/HPP/Pages/default.aspx) [26].

Materials and Methods

Samples collection. All studies were performed
in accordance with the terms of the Helsinki Decla-
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Fig. 1. Metabolic pathways of cysteine desulfuring (Adapted from Feng et al., 2007; Stipanuk and Ueki, 2011).
Abbreviations: AAT — aspartate aminotransferase; ADO — 2-aminoethanethiol-dioxygenase; CBS — cys-
tathionine B-synthase; CDO — cysteine dioxygenase; CSAD — cysteine sulfinic acid decarboxylase; CSE —
cystathionine-y-lyase; MST — 3-mercaptopyruvatesulfurtransferase; SOR — sulfide:quinone oxidoreductase;

SUOX — sulfiteoxydase

ration. Ethics Committee of the Institute of Molecu-
lar Biology and Genetics of the National Academy of
Sciences of Ukraine approved the study protocol and
the use of human tissue. All women whose placental
samples were used in the experiment had given writ-
ten consent.

Samples of term placenta (8 samples, 279 + 11
days of pregnancy) were obtained in the maternity
hospital No 3 (Kyiv, Ukraine). Samples of the placen-
ta from the middle of the first trimester of pregnancy
(9 samples, 6-7 weeks) were obtained after abortion
in maternity hospital of Irpin (Irpin, Ukraine). All
samples were obtained from women with physiologi-
cal pregnancy. Clinical data on mother and child
were obtained from medical records. Placental sam-
ples were taken immediately after abortion or birth,
washed in cold sterile physiological solution, frozen
in liquid nitrogen and stored at -70 °C before the use
in research. Samples of term placenta (20 g) were
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taken from the central part of the organ through all
layers.

RNA isolation and detection of gene expres-
sion. Total RNA was isolated using Trizol reagent
(Neogene, Ukraine) according to manufacturer’s
recommendations. The quantity and quality of ob-
tained RNA was monitored by absorbance ratio at
260/280 and 260/230 nm (NanoDrop 2000, Thermo
Scientific, USA) and the intensity of specific bands
of 28S/18S rRNA (agarose gel electrophoresis).

The abundance of individual mRNAs in total
RNA was determined by reverse transcription and
guantitative polymerase chain reaction (RT-gPCR)
in real time with the amplification device Bio-Rad
CFX96 Real-Time PCR Detection System (Bio-Rad
Laboratories Ltd., USA). Reverse transcription was
performed using the First Strand cDNA Synthesis
Kit (# K1612, Thermo Scientific) according to the
manufacturer’s protocol: 5 ug of RNA in 50 pl reac-
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tion mixture containing random hexamer primers
and revertase were sequentially incubated for 10 min
at 25 °C, for 60 min at 37 °C and for 5 min at 70 °C.
After the reaction was completed, mixture was ali-
quoted and kept at - 20°C.

The reaction mixture for amplification, 25 pl,
contained 2 pl of cDNA, 10 pl of 2.5x SYBR®
Green | buffer (Syntol, Russia, #M-427) and 10 pmol
of each primer. Thermal cycling conditions were as
follows: initial denaturation for 3 min at 95 °C, 40
cycles of 10 sat 95 °C, 20 s at 60°, and 30 s at 72 °C.
The final elongation was for 1.5 min at 72 °C. The
specificity of amplification was controlled using
melting curve in the range 55-95 °C with incre-
ment of 0.5 °C and gel electrophoresis of amplified
product.

The data were analyzed using the software
Bio-Rad CFX-manager (Bio-Rad, USA) and Libre-
OfficeCalc (The Document Foundation, Germany).
The number of copies of each transcript per 1 ng
of total RNA was calculated using standard curves.
Standard curves for quantification of each transcript
in total RNA were obtained using 10-fold dilutions
of corresponding amplicon of cDNA fragments in
the range of 1 fmol to 0.001 amol in 25 pl of PCR
mixture. For the purpose of standardization cDNA
amplicons were obtained in 150 pl of PCR mixture,
purified by a GeneJET PCR purification kit (Thermo
Scientific, USA), and quantified with a spectropho-
tometry. The validity of amplicons was controlled
by restriction analysis (Table 1). Amplification ef-
ficiency was ~90% for all pairs of primers.

The primers for each cDNA were designed
with online application PrimerQuest (Integrated
DNA Technologies, Inc., USA), their specificity was
tested by online tool BLAST (NCBI, USA). Prim-
ers were synthesized in IMBG NASU (Ukraine) and
Syntol (Russia). To avoid amplification of genomic
DNA fragment, primers were designed in such way
that the forward and/or reverse primer overlapped
the junction of two exons. The negative control con-
taining distilled water instead of cDNA was always
placed simultaneously with samples in the same
plate.

Western blot analysis of cysteine dioxygenase
content. Placental samples about 150 mg (3 samples
from the first and 3 samples from third trimesters of
pregnancy) were homogenized in RIPA lysis buffer
(0.05 M Tris, pH 7.4, 1% NP-40, 0.1% SDS, 150 mM
NaCl, 0.5% sodium deoxycholate, 1 mM EDTA).
The homogenate was centrifuged at 15000 g, at 4 °C

for 20 min. The supernatant in an amount corre-
sponding to 50 pg of total protein were mixed with
4x Protein loading buffer (Thermo Fisher Scientific,
USA), incubated for 10 min at 95 °C and subjected
to 5-12% PAGE in denaturing conditions. Semi-dry
transfer of proteins to PVDF membrane was per-
formed for 30 min. The quality of the transfer was
monitored by staining membranes with Ponceau S.
The membrane was washed with TBS buffer
(10 mM Tris, pH 7.5, 100 mM NacCl), blocked for
60 min in 5% skim milk and again washed with
buffer TBS three times and then incubated with pri-
mary antibodies anti-Cysteine Dioxygenase Type 1
(ab150705) (Abcam, UK) overnight at 4 °C. After in-
cubation the membrane was washed in buffer TTBS
(10 mM Tris, pH 7.5, 100 mM NacCl, 0.1% Tween 20)
and incubated with secondary antibody goat anti-
rabbit IgG-HRP: sc-2030 (Santa Cruz Biotechnolo-
gy, USA) for 60 min at room temperature.
Membrane was processed with chemilumines-
cent reagent Clarity Western System (BIO-RAD
Laboratories, USA) according to the manufacturer’s
instructions. The signals were detected with Chemi-
Doc (BIO-RAD, Laboratories, Inc., Hercules, Cali-
fornia, USA). The total optical density of electropho-
retic bands of each track was evaluated by GelPro
3.1 software. To normalize the protein abundance
membrane was incubated with primary antibodies
anti-GAPDH (FL-33.5) (Santa Cruz Biotechnology,
USA) followed by treatment similar to the above.
Data analysis of microarray-experiments. \We
compared our results for mMRNAs abundance with
the results of microarray experiments conducted on
12 samples from the first trimester and 9 samples of
term placenta. The data is available in the database
GEO (Gene Expression Omnibus) by the number
GSE9984 [27]. We conducted a re-analysis of Affy-
metrix CEL files (CEL files containing information
about the signal strength of each microarray sample)
in order to use the new annotation of genes that ap-
peared since the first data analysis and to check data
quality. Analysis was conducted with software R
version 3.1.2 using packages “Bioconductor”’, RMA
method to normalize the data and array Quality Met-
rics package for data quality control. To build a lin-
ear model and to find differentially expressed genes
we used package “limma”. Annotations of genes
were carried out using the package “hgul33plus2.
db”, version 3.0.0.
Statistical analysis. All data on mRNA abun-
dance are represented in copies of mMRNA in 1 ng

a1



ISSN 2409-4943. Ukr. Biochem. J., 2016, Vol. 88, N 1

£DVVODDOHVDOHOHVOIDVOVOVILVID-S 1

yunqns IoyIpow

16 ‘T2 189X €88-T.¥ £-DDLLLOVODOVOLODLLLYVOVID-SF  8sebi suteisho-sreweln|s 190200 INN/NTOD
£-D1ODDLLYOVVOVIDDOVIIVI-S I uungns anAjeres
0€T '6S 11 edH 608-129 £ OVIVVDDLOOVOILYOIDDDDIOV-SF  8sebi| auteisho-srewen|  €:86¥T00 INN/OTO9D
£ VOVIVIOVIVVOLOLLODLIOVO-S
25 ‘89T [INAd ¥9.-v¥S £ LDDLIDDOVIOLODILV-S ¥ osepAxo 9gIns 2957000 WN/XONS
¢LVVLLIOLOVVOOVIOVVDODILD-S I  aseuabAxolp (suiwesisko)
A 1718003 89¢£2-0022 £ VVVLIOIIOIIDOVYILILO-S ¥ slolyluelsoulwe-z  §'¥082€0 INN/OAV
£-D1ODDLLYOVVDOVIDDOVIIVI-S I ase|Ax0qJedsp
/T '902 ‘s 14L 618-255 £ VDVIOVVOVIVILOVDIDDOVI-S J sjeuy[ns oUINSA)  $'686GT0 INN/AVSD
£ LDLIOLVOLIDDLVIOIDLIOOVID-S
67 ‘v8T ‘LT 191 €9/-78¢€ £-DDOVDOVOVIDLYVILOOVOLYVDID-SF | 8dA) aseushAxolp suteisko  zT08T00 IN/OAD
9 > dg ‘wNyw
swewibery | -0y uo uonisod slawlid awreu auab ||n4 VNYwbassay
sIsAjeue uoonduwy /10quIAS aus9)

uonaIIsal uodldwy

suooljdwe pue siawlidyddd ‘T ajqel

92



K. L. Korneeva, R. R. Rodriguez, S. V. Ralchenko et al.

of total RNA. Due to the discrepancy between the
data and Gaussian distributions, the data are pre-
sented in medians and two quartiles, lower (Q, ..
and upper (Qupper) as well as in the ratio of values of
gene expression in the first and third trimesters. The
significance of the differences between the values
of gene expression in the first and third trimesters
was evaluated by Mann-Whitney U test for the re-
sults of RT-gPCR and with built-in software package
limma by moderated t-statistic (http://www.statsci.
org/smyth/pubs/limma-biocbook-reprint.pdf) for the
results of microarray analysis. The difference was
considered statistically significant at P < 0.05.

Results and Discussion

Cysteine is undergoing a number of changes in
the reactions shown in Fig. 1 and briefly described
in the introduction. The level of MRNASs involved
in cysteine metabolism reveals the difference be-
tween the first and the third trimesters (Table 2).
The mRNAs in order of increasing concentrations
form the row CSAD, GCLM, CDO, GCLC, SUOX
and ADO in the first trimester and the row CSAD,
GCLM, GCLC, SUOX, ADO and CDO mRNAs in
the third trimester. In the third trimester we observe
an increase in the concentration of CDO mRNA
against a background of decreasing concentrations
of other mMRNAS except GCLM mRNA level, which
remained almost unchanged. Comparing with the re-
sults of the microarray experiments, qPCR showed
the same trend in changes in mMRNA in the third tri-
mester as in the first, excluding ADO mRNA which,
according to data of microarray-experiments, in-
creased slightly, but not significantly (Table 2). The
statistical significance of the changes according to
microarray-experiments is much lower than with RT-
gPCR analysis, which is quite expected, because the
detection of mMRNA on the Affymetrix platforms is
based on hybridization of nucleic acids, whereas the
method of RT-qPCR is based on multiple amplifica-
tion of cDNA fragments. Nonsynchronous changes
in abundance of all mMRNAs indicate differential
regulation of gene expression in the first and third
trimesters of pregnancy.

The abundance of CDO mRNA and cor-
responding protein in the third trimester in-
creases more than 10 times first trimester levels
(Fig. 2) and raises questions about the mechanism
and the role of this event. It is known that CDO
is highly expressed in the liver, adipocytes and
term placenta [http://www.genecards.org/cgi-bin/

CDO W- 23 kDa
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| I
14

12

10

Relative units

-

Fig. 2. Electrophoresis and densitometry results of
Western Blot Analysis of CDO protein content in
placentas from first (1) and third (I1I) trimesters of
pregnancy. Western Blotting was performed using
standard technique with anti-cysteine dioxygenase
type I antibodies (abl50705; Abcam, Cambridge,
UK) and anti-Glyceraldehyde 3-phosphate dehy-
drogenase antibodies

carddisp.pl?gene=CDO1&keywords=cysteine,

dioxygenase#expression]. CDO is the most inten-
sively regulated metabolic enzyme [28, 29]. In re-
sponse to the increased consumption of protein and
sulfur-containing amino acids its concentration in-
creases for several hours about 30 to 45 times [28]
and its catalytic activity nearly 10 times [29]. Thus,
altogether CDO activity increases 300 to 450 times.
When someone is on low-protein diet and cysteine
level is low, CDO is ubiquitinated and subjected to
proteasome degradation and, conversely, its deg-
radation is blocked at high level of cysteine and
sulfur-containing amino acids and therefore, CDO
concentration increases [30]. Furthemore, the cofac-
tor protein interacts with CDO, stabilizes it and in-
creases its activity [30]. This type of regulation of
enzyme activity is observed in the liver, adipose tis-
sue and differentiated adipocytes [7, 30]. How CDO
is regulated in human placenta is unknown, although
its activity might be essential for the fetus develop-
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trimesters of pregnancy, which are often determined
in the selective gene expression studies and in micro-
array-experiments. The method of research enables
to compare the abundance of different mMRNAs in to-
tal tissue RNA. It should be noted that ADO mRNA
concentration substantially exceeds the concentra-
tion of CSAD mRNA (~12 : 1) and all other mRNAs
in the study from both pregnancy periods, except
CDO mRNA in the third trimester. ADO and CSAD
enzymes catalyze the synthesis of hypotaurine/tau-
rine. Taurine is a multifunctional “amino acid” that
affects the processes of anti-oxidation, detoxifica-
tion, osmoregulation. It stabilizes cell membranes,
modulates intracellular calcium and exhibits anti-
inflammatory effect [37]. Taurine is the most rep-
resented (~10 mM) “amino acid” in human placenta
[38]. It is required for metabolic processes in the
trophoblast and for cytoprotection during fetal de-
velopment, especially for the formation of the cen-
tral nervous system [39]. At present it is unknown
whether placenta is involved in the synthesis of
taurine or just in its transport. Taking into account
that ADO mRNA concentration in both periods of
pregnancy was much higher than CSAD concentra-
tion (Table 2) we have suggested that the synthesis
of hypotaurine/taurine in placenta occur due to cy-
steamine oxidation. At the same time we cannot ex-
clude the involvement of mediated by CDO/CSAD
metabolic pathway since both mRNAs were at the
low level (Table 2) and K CSAD value for cysteine
sulfinate was low (~0.04-0.17 Mm) [40, 41]. It is
very likely that both processes, the synthesis and
transport of taurine can meet the needs of the fetus
in taurine, since recent research has shown taurine
transporter expression and enzymes of coenzyme A
metabolism — a potential precursor of hypotaurine in
the human placenta [27, 30, 42].

Thus it has been first provided the data on the
level of MRNAs involved in the cysteine metabolism
in human placenta in the first and third trimesters of
gestation. It has been found that in the third trimes-
ter compared to the first the CDO mRNA level is
significantly higher, the level of mRNAs responsible
for the synthesis of both hypotaurine and sulfate is
lower, and the abundance of mMRNAs encoding pro-
teins of glutathione synthesis limiting reactions re-
mains almost unchanged. These findings raise the
question concerning the regulation of these genes
expression and how changes in mRNA concentra-
tions affect the levels of the corresponding proteins
and their catalytic activity. This study could contrib-

ute to the research of phenotype of human placenta
during organ development.
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pe3 Horo mMTO- i HEHPOTOKCHYHICTH y pa3i mepe-
BUIICHHS KPUTHYHOTO pIiBHA 1 Horo Opak mis
CHUHTE3y TPOTEiHIB W IHIIHUX S>XUTTEBO BaXKIIU-
BUX MeTalOMITIB y pa3i 3HMKEHOI KOHIEHTpaii.
MexaHi3MH peryJiamii KOHIIEHTpAIil ITUCTeiHy i
OPOAYKTIB HOro Meradomi3Mmy, TIyTaTioHy, Tay-
pUHY 1 HEOpraHiYHMX CIPKOBMICHHX CIIOIYK, B
MJIANEHTI JIIOJUHHU TPAKTHYHO HE JOCIIiKEHI,
Xoua MeTaboli3M LHUCTEeIHY TICHO MOB’I3aHHMHA 3
MATPUMAHHIM OKHCHO-BITHOBHOTO CTaTyCy 1 3a-
XUCTOM BiJl BUIBHOPAJUKAJIBHOTO OKHUCICHHS,
YTUII3aIi€I0 TOMONKCTEIHY 1 JETOKCHKAIIHOI0
¢yskuiero. 1li mpomecn HaOyBalTh 0COOIHBO-
ro 3Ha4YCHHs B IUJIAIICHTI, SKa 3a3HA€ PI3KUX 3MiH
B KOHIICHTpAIlli KHCHIO, 10 HAIXOAWUTh Ha Pi3HHUX
eTanax il po3BHTKY, i IKa € OCTAaHHIM METa0OIIYHO
AKTUBHHUM 0ap’epoM MiX opraHi3aMOM MaTepi i mjo-
na. Y 3pa3kax IUIAICHTH JIFOJUHU 3 TIEpIIOoro i Tpe-
TBOTO TPUMECTPIB HEYCKIAIHEHOI BariTHOCTI MU
JIOCTIITUITN €KCITPECiI0 TEHIB, M0 KOAYIOTh €H3UMHU
MeTabonizMy uucteiny. PiBeHb iHIWBIZyalbHUX
MPHK CDO, CSAD, ADO, SUOX, GCLC i GCLM
y ckjaai TorainbHoi PHK orniHroBaiu 3a peakiiisiMmu
3BOPOTHOI TPAHCKPHUMITIi 1 KIJIBKICHOI JIAHITIOTOBOL
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noJjiiMepu3aniii i TOPIBHIOBAJIIM 3 BiJMOBIIHUMHU
JaHUMH ~ MIKpOMAacHB-CKCIIEpUMEHTIB 13 0a3u
maanx GEO micmst TpoBeAeHHS TOBTOPHOTO
OioinpopmaTBHOTO aHamizy. Bwmict mpoTeiny
BH3HAYaJM BECTEPH-OJOT aHayli3oM. Y TpeTho-
My TPHUMECTpPi B TOPIBHSHHI 3 MEPIIUM 3HAYHO
nigsumyetrbes piseb CDO MPHK, 3anumaernes
Maiixke HeaminHuM piBeHb GCLM 1 GCLC mPHK i
PI3HOIO MIpOIO 3HWKYEThCSA piBeHb iHmMX MPHK.
VY 1inomy, 3aralbHHN XapakTep 3MiH 30iraeThcs
3 pe3ylbTaTaMH  MIKPOMacHB-EKCIIEPUMEHTIB,
aje Ha BIAMIHY BiJ HUX € i1HQOpPMATHBHIIINM
JUIsl OOMEXeHOI rpymnu reHiB. BusHaueHi B poOoTi
pi3HI 3a CHPAMOBAHICTIO 1 BEIWYMWHOIO ICTOTHI
BIAMIHHOCTI B €KCHpecii JOCIIKEHUX TEHIB MiX
MIEPIINM i TPETIM TPUMECTpPaMH BariTHOCTI € 0a30-
BUMU ISl TIONAJIBIINX JOCIiPKEHb eKCIpecii mux
€H3UMIB 1 (eHOTHUITYy MIAIEHTH 3arajioM y HOpMI i
3a TMaToJorii.

Knro4uoBi cnoBa: miuaneHTa JOIWHHA, €H-
3UMH METa0O0Ji3My LUCTETHY, EKCIIPECisl TeHIB.
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ConepxaHue LUCTEHHA B KIETKE PEryIupy-
€TCs B OIPAaHUMYEHHOM HMHTEpBaJIe KOHLEHTpalHil
M3-3a €ro IMUTO- U HEHPOTOKCUYHOCTH MPH MPEBBI-
IIEHUH KPUTHYECKOTO YPOBHSI M HeIocTaTKa JJist
CHHTE3a MPOTENHA U IPYTHUX )KU3HEHHO BAXXHBIX Me-
Ta0OJUTOB TIPHU CHI)KEHHOW KOHIIEHTpanuu. Mexa-
HU3MBI PeryJIsIIUY KOHUEHTPALUH [IUCTEHHA U TIPO-
IOYKTOB €ro Metaboyin3Ma, rIyTaTHOHA, TaypUHA H
HEOPraHMYECKNX CepOCOAEPKAIINX COECTUHEHUH B
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MJIAIIeHTE YeJIOBEeKa MPAaKTUUECKH HE UCCIIEIOBAHBI,
XOTs MeTaboJIM3M LHCTENHA TECHO CBSA3aH C TOJ-
JEP)KAHUEM  OKUCIUTEIBbHO-BOCCTAHOBUTEIBHOTO
MOTEHIINAJIA, 3alUTON OT CBOOOIHOPAIUKAIBHOTO
OKHCIICHUSI, Y TUIM3aHel TOMOLIMCTENHA 1 CII0CO0-
HOCTBIO K JIETOKCHKALUU. DTH IPOLECcChl 0COOEHHO
3HAYUMBI TS THIANEHTHI, TpH (QYHKIITMOHUPOBAHUHT
KOTOpPOW TPOMCXOAST pE3KHe H3MEHEHUs B KOH-
LIEHTPALIMU NOCTYNAIOUIEr0 KUCIOPOaa, U KOTOpast
SBIISICTCS TIOCIEAHUM MeTabONIMYecKH aKTUBHBIM
OapbepoM MEKy OpraHM3MOM MaTepH W miona. B
o0pasnax IUTaeHTHl YeJI0BeKa IMePBOT0 M TPETHETO
TPUMECTPOB HEOCIOKHEHHOH OepeMEHHOCTH MBI
UCCJEeI0BAJIN HKCIIPECCUIO TEHOB, KOTOPBIE KOIUPY-
10T PH3UMBI METa0O0IU3Ma ITUCTeNHA. YPOBEHb WH-
muBunyaitbaeix MPHK CDO, CSAD, ADO, SUOKX,
GCLC u GCLM B cocrage TotansHoli PHK onenu-
BaJIM C MOMOUIBIO peaklnii 00paTHOW TpaHCKPUII-
UMM U KOJIMYECTBEHHON LIEMHOW MOJMMEpPU3ALUH,
U pe3yJIbTaThl CPaBHUBAIN C COOTBETCTBYIOIIMMHU
JTAHHBIMH MUKPOMACCHB-3KCIIEPUMEHTOB M3 0a3bl
nmaaasix GEO mocie mpoBeneHus moBTOPHOTO OHo-
MHPOPMAaTHUECKOTO aHalIn3a. YPOBEHb NPOTEHHA
OTIpEIETINIA BECTepH-OJI0T aHAamn30M. B TpeThem
TPUMECTpPE IO CPABHEHUIO C TEPBBIM CYIIECTBEH-
HO moBeimaercs ypoerb CDO MPHK, coxpawns-
eTcst TouTH Hem3MeHHbIM ypoBeHb GCLM u GCLC
MPHK u B pa3Hoii cTeneHu CHHXKAETCS YPOBEHb
npyrux MPHK. B neiom, obmuii xapakrep u3mMeHe-
HUHN COBIMAJIAaeT C pe3ysibTaTaMid MUKPOMAaCcCHB-IKC-
MIEPUMEHTOB, HO B OTJIIMYHE OT HUX SBIISIETCS OoJiee
WH()OPMATUBHBIM JJIs OTPAHWYCHHON TPYTIIHI Te-
HOB. OmpeneneHHble B padoTe pa3Hble MO0 HAIpPaB-
JICHHOCTH U BEJIMYMHE CYLIECTBEHHbBIC PA3JIUYUS B
SKCIPECCUM UCCIIEA0BAHHBIX I€HOB MEX/1y IIEPBbIM
U TPETHUM TPUMECTpPaMU OEPEMEHHOCTH SIBIISIOTCS
0a30BBIMU IS JAJIbHEHIINX HCCIECIOBAHUI DKC-
MPECCUU ITUX T'€HOB B HOPME U MPU MATOJOTUU U
17151 PeHOTHUIIA TUTATICHTHI B IIEJIOM.

KnwoueBsie crmoBa: IJIancHTa 4C€JI0OBCKaA,
SH3UMBI MeTabo0JIM3Ma UCTEHHA, CKCIIPpECCHUs I'c-
HOB.
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