Biol. Stud. 2021; 15(3): 41-50 e DOI: https://doi.org/10.30970/sbi.1503.663 Qﬁ

www.http://publications.Inu.edu.ua/journals/index.php/biology

UDC: 573.3:577.29:616.8-092

CONSTRUCTION OF MODEL STRAIN OF YEAST
SACCHAROMYCES CEREVISIAE WITH REGULATED EXPRESSION
OF RECOMBINANT HUMAN ALPHA-SYNUCLEIN

N. V. Hrushanyk®', Y. I. Fedorko®', O. V. Stasyk®?, O. G. Stasyk®®'2
" Ivan Franko National University of Lviv, 4 Hrushevskyi St., Lviv 79005, Ukraine
2 Institute of Cell Biology, NAS of Ukraine, 14—16 Drahomanov St., Lviv 79005, Ukraine

Hrushanyk, N.V., Fedorko, Y.I., Stasyk, O.V., & Stasyk, O.G. (2021). Construction of model strain
of yeast Saccharomyces cerevisiae with regulated expression of recombinant human alpha-
synuclein. Studia Biologica, 15(3): 41-50 e DOI: https://doi.org/10.30970/sbi.1503.663

Background. Improper folding and accumulation of a-synuclein aggregates are
among the causes of Parkinson’s disease. The most important factor influencing the
process of a-synuclein aggregation is the level of this protein in neurons which depends
on the balance between its synthesis, degradation and secretion. Under certain condi-
tions, when a-synuclein is synthesized at a high level, monomers of this protein can
aggregate on the lipid membrane, which leads to the formation of amyloids, fibrils and
protofibrils unable to perform their physiological functions. Since it is virtually impossible
to study the properties of a-synuclein in vivo, researchers are actively using model bio-
logical systems (single-celled microorganisms, human cell lines, animal models etc.).

The aim of this study was to construct a recombinant strain of Saccharomyces
cerevisiae with controlled expression of human a-synuclein to study the regulation and
properties of this protein and for screening for new low molecular weight chemical com-
pounds which can induce a-synuclein aggregation and/or degradation.

Materials and Methods. A recombinant strain of S. cerevisiae with controlled
expression of a-synuclein conjugated to a green fluorescent protein was isolated.
Western blotting with specific anti-a-synuclein antibodies was used to detect recombi-
nant a-synuclein in yeast cells. Intracellular localization of heterologous chimeric green
fluorescent protein conjugated to a-synuclein was also examined by fluorescence
microscopy.

Results. To construct a recombinant strain of S. cerevisiae, the coding sequence
of the human wild-type a-synuclein gene was expressed under the regulated promoter
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of the SCcMET25 gene. Analysis of the effect of different concentrations of exogenous
methionine as a factor regulating the expression of the SCMET25 promoter on the con-
tent of recombinant protein showed that the expression of the human a-synuclein gene
in S. cerevisiae is repressed in the presence of methionine at a concentration of 10 mg/L
and higher. During long-term cultivation of yeast cells, this effect decreased due to the
depletion of methionine in the growth medium. As a result, recombinant protein synthe-
sis was restored, and a-synuclein content in such cells approached that of cells grown
in a medium with a low concentration of (5 mg/L), or without methionine. It was also
found that overproduction of recombinant a-synuclein in S. cerevisiae cells had virtually
no effect on culture growth, indicating the absence or a very weak toxic effect of human
a-synuclein on yeast physiology.

Conclusions. The obtained data indicate a concentration-dependent effect of
methionine on the level of recombinant a-synuclein synthesis in S. cerevisiae yeast
cells. Such controlled expression of the studied protein can be used to screen for com-
pounds capable of promoting dose-dependent aggregation or degradation of a-synuclein
in yeast cells and potentially in human cells as well.
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INTRODUCTION

Today, a great achievement of microbiology, molecular biology, genetics and bio-
chemistry is the possibility of transferring pathological processes, which at the molecu-
lar and cellular levels of organization contribute to certain human diseases, into unicel-
lular eukaryotic organisms such as yeasts [4]. The special value of the yeast models lies
in its utilization for the study of molecular mechanisms of human neurodegenerative
diseases because such pathologies are difficult to model on multicellular systems as
methods of their manipulation are painful and directly or indirectly lead to fatal conse-
quences. Therefore, modern researchers rely on artificial models of neurodegenerative
diseases and Parkinson’s disease (PD) in particular. Interestingly, although distant in
evolutionary terms from human, eukaryotic yeasts provide cellular environment and
metabolism in many aspects identical to human neurons. Some cellular mechanisms
and their features are similar in all eukaryotes, such as membrane transport, protein
degradation, mitochondrial dysfunction, oxidative stress, regulation of transcription, and
regulation of balance between newly synthesized proteins and proteins that must be
degraded [6]. Yeasts are also able to efficiently produce human recombinant proteins [9].
Using molecular biological and cytogenetic methods, scientists thus can identify the
causes and describe the pathogenesis of human neurodegenerative diseases such as
PD, Alzheimer’s disease, Huntington’s disease, amyotrophic lateral sclerosis, at the cel-
lular and molecular levels.
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Yeasts as a model of human neurodegenerative pathologies nevertheless have
certain limitations, as their cells do not participate in complex intercellular interactions,
unlike human neurons. They also do not possess some regulatory pathways that affect
the development of multicellular organisms, specific to neurons.

The influence of the expression of several genes, the products of which are known
to be involved in the development of PD, was studied in yeast models [11]. In particular,
it was shown that the expression of a single copy of a-synuclein gene conjugated to
green fluorescent protein gene did not affect the growth of the host. However, expres-
sion of two copies of the SNCA gene with the A53T mutation caused a marked delay in
the growth of cells of the model S. cerevisiae strain. With that model, several phenotypic
manifestations of PD were also observed which included the affected ubiquitin-protea-
somal system and altered lipid metabolism and vesicular transport [8,11,14]. Subse-
quently, this model was used to study the role of autophagy and posttranslational modi-
fications of a-synuclein that also contribute to pathogenesis of PD [12]. These findings
confirm the important potential of amyloid-producing yeast models in search for new drug
compounds and for deciphering the molecular mechanisms underlying their actions [7].

We previously described an o-synuclein producing strain of an alternative yeast spe-
cies, Ogataea (Hansenula) polymorpha [2,10]. However, that recombinant human protein
was overall non-toxic in this yeast. Therefore, we aimed herein to construct a recombi-
nant strain of S. cerevisiae with controlled expression of human a-synuclein as an alter-
native experimental PD model to screen for new low molecular weight chemical com-
pounds that affect a-synuclein aggregation and degradation.

MATERIALS AND METHODS

Strains, media and microbial techniques. S. cerevisiae strain used in this work
was an auxotrophic wild-type strain FY2 (MATo ura3A0) which is a direct descendant
of S288C [13]. Yeast cells were cultivated at 30 °C on standard liquid or solid media: rich
medium YPD (1% yeast extract, 2% bacto-peptone, 1% glucose) or synthetic YNB
medium (Difco) — (0.17 % yeast nitrogen base without amino acids, 0.5 % ammonium
sulfate). Solid media contained agar at 2% concentration. The concentration of carbon
source (glucose) was 2% (wxv™"), unless indicated otherwise. Methionine was supple-
mented into the medium at 5—-100 mg/L concentration immediately before yeast cultiva-
tion started. Cell density was determined by absorbance at 600 nm.

Electrotransformation of the yeast S. cerevisiae. The method is based on the
ability of yeast cells to absorb exogenous DNA under the influence of an electrical
impulse. The culture of S. cerevisiae was grown in 300 mL of liquid YPD medium at
30 °C to an optical density ODg,, = 0.5—1.2 (1-2x107 cells/mL). The cells were pelleted
at 3000 rpm for 10 min using Eppendorf 5417C Centrifuge, washed twice with sterile
double-distilled H,O and resuspended in 200 uL of H,O. Then 100-150 ng of plasmid
DNA (pKF48-SNCA) (Fig. 1) was added to 100 uL of the cell suspension. After that,
250 uL of 50% PEG 4000 was added and mixed thoroughly. The resulting mixture was
incubated at 42 °C for 15 min. After incubation, the mixture was transferred to a sterile
0.2 cm electroporation cuvette and electroporated at 1.5 kV, 25 pF, 200 Ohm. Immedia-
tely after electroporation, the liquid cooled YPD were added to the cells. For selection of
transformants, the cells were seeded on plates with a selective medium and incubated
for 3—4 days.
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N-terminally GFP-tagged a-synuclein detection by fluorescence microscopy.
Axio Imager A1 fluorescence microscope (Carl Zeiss Microlmaging, Jena, Germany)
and Axio Cam MRm digital camera (Carl Zeiss Microlmaging) were used to obtain fluo-
rescence micrographs of the studied yeast strain. The photos were taken at 600x mag-
nification. The resulting photos were processed using computer programs AxioVision
4.5 (Carl Zeiss Microlmaging) and Adobe Photoshop CS5 (Adobe Systems, Mountain
View, CA).

Yeast cell-free extracts preparation. To prepare cell-free extracts using trichloro-
acetic acid (TCA), 0.4 ml of 12.5% TCA was added to the precipitate of cells washed
from the culture medium. The resulting cell suspension was kept for 2 h at -70 °C and
precipitated by centrifugation for 3 min at 14000 rpm. The precipitate was washed twice
with 0.5 ml of 80% acetone solution cooled to -20 °C and then dried at room tempera-
ture and resuspended in 0.1 ml of lysis buffer (1% SDS + 0.1 M NaOH). An equal vol-
ume of double Laemmli buffer (62.5 mM Tris-HCI (pH 6.8), 1 mM EDTA, 2% SDS, 5%
B-mercaptoethanol, 10% glycerol, 0.4% bromophenol blue) was added to the obtained
lysate. The strain biomass taken for Western blot analysis from media with different
concentrations of methionine was the same for all time points.

Protein SDS-PAGE and immunoblot analysis. For electrophoretic separation of
proteins, cell-free extracts were heated at 95 °C for 10 min in Laemmli buffer for sam-
ples. Protein electrophoresis was performed in 8% SDS page in the presence of SDS in
the Laemmli buffer system. Transfer of proteins from SDS-PAGE to polyvinylide fluoride
(PVDF) was performed for 2 h at the strength of the electric current of 250 mA in a buf-
fer containing: 25 mM Tris-HCI, pH 8.3, 192 mM glycine, 20% methanol. Free centers of
binding antibodies on the membrane were blocked for 1 h with 5% skim milk in PBS-T
(140 mM NaCl, 2.7 mM KCI, 10 mM Na,HPO,, 1.8 mM KH,PO,, 0.1% Tween-20). Sub-
sequently, the membrane was incubated with mouse primary anti-a-synuclein antibo-
dies in blocking buffer (1:2500 dilution) overnight, followed by washing with blocking
buffer 3 times for 10—15 min. Anti-mouse IgG conjugated to horseradish peroxidase at
a 1:10,000 dilution in blocking buffer were used as secondary antibodies. Incubation with
secondary antibodies was performed for 2—4 h, after which the membrane was washed
with PBS-T 5 times for 10—15 minutes. Immunoreactive bands on blots were detected by
ECL (solution I: 100 mM Tris-HCI (pH 8.5), 4.4% luminol, 1.5 n-coumaric acid, solution II:
100 mM Tris-HCI (pH 8.5), 30% H,O,, solutions | and Il were mixed in a ratio of 1:1
immediately before use). The exposure time of the treated membranes on X-ray film
depended on the intensity of chemiluminescence and ranged from 1 to 15 min. The
films were developed in a standard phenidone-hydroquinone developer and fixed with
acid fixation.

Statistical Analysis. Statistical analysis of the results was performed using Micro-
soft Excel 2016. The calculation of the main statistical indicators was performed on the
basis of the direct quantitative data (arithmetic mean value — M; arithmetic mean stan-
dard error — m). To assess the probability of the difference between the statistical
characteristics of the three alternative data sets (data of three independent experi-
ments), the Student’s ratio was calculated. The difference in the indications of probabi-
lity p = 0.95 (significance level) was considered probable at P < 0.05 after calculating
t according to the table of Student’s t-distribution.
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RESULTS AND DISCUSSION

Studies indicate that one of the main reasons for the development of PD is the dys-
function of a-synuclein protein, which in the case of pathology is the main component of
abnormal inclusions in dopaminergic neurons of the substantia nigra — Levy’s body [1].

Since in our previous studies [2,10] we failed to obtain model strains of O. polymor-
pha in which a-synuclein would form potentially cytotoxic aggregates, we constructed
a model strain with regulated expression of the wild-type SNCA gene in S. cerevisiae.

To simulate the PD-like process in S. cerevisiae cells, we used a pre-engineered
vector pKF48-SNCA [2], which contained a cassette of expression of the chimeric pro-
tein SNCA-GFP, under a promoter whose activity is negatively regulated by methionine
content in the culture medium. The cassette consisted of the coding sequence of the
human wild-type a-synuclein (SNCA) gene conjugated to the green fluorescent protein
(YEGFP) gene (Fig. 1). This chimeric construct is useful for studying the processes of
a-synuclein aggregation and degradation, as well as for monitoring intracellular locali-
zation by fluorescence microscopy. The vector contains a 6xHis-tag sequence, which
allows detecting the chimeric protein by Western blot analysis and isolating it from cell
lysates via affinity chromatography. The vector also contains the selective URA3 marker
for S. cerevisiae and the ampicillin resistance gene (AmpR) for the selection of Esche-
richia coli transformants.
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Fig. 1. Scheme of the vector pKF48-SNCA for expression of the chimeric construct SNCA-EGFP [2]
Puc. 1. Cxema BekTtopa pKF48-SNCA ans ekcnpecii xumepHoro koHcTpykTy SNCA-EGFP [2]

Selection of S. cerevisiae transformants was performed on a minimal mineral
medium without the addition of uracil but at the presence of methionine in the concen-
tration of 50 mg/L for repression of P,,,s from which SNCA-EGFP fused genes are
expressed. The presence of a chimeric form of GFP-conjugated a-synuclein in the cells
of the model strain was confirmed by fluorescence microscopy (Fig. 2).

Microscopic analysis of all obtained individual transformants did not reveal appa-
rent aggregates of GFP-tagged a-synuclein. Instead, a uniform cytosolic localization
of the soluble chimeric protein, which was most likely in the form of oligomers, was well
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visible (Fig. 2). Since the death of dopaminergic neurons of the substantia nigra in the
case of PD occurs under conditions of an increased synthesis of a-synuclein, for further
work we selected a strain characterized by a higher fluorescence signal intensity visuali-
zed by microscopy.

Fluorescence

. Merged images
microscopy

Light microscopy

Fig. 2. Fluorescent microphotography of S. cerevisiae strain producing GFP-tagged human a-synuclein.
Cells were grown on the medium containing 2% glucose as carbon source

Puc. 2. dnyopecueHTHi mikpodoTorpadii wramy S. cerevisiae, WO NPOAYKYE ai-CUHYKNETH MOANHU, MiYEHWUIA
GFP. KniTrHn BMpoLLlyBanu Ha cepeaoBuLLi, LLO MICTUTb 2% IOKO3K SIK Axeperno kapboHy

The presence of heterologous a-synuclein-GFP chimera of the predicted size in the
cells of the model strain was also confirmed by Western blot analysis (Fig. 3). To do this,
the cells of the model strain, pre-cultured on a rich nutrient medium YPD, were trans-
ferred into a mineral medium with the addition of methionine at concentrations of 5, 10,
20, 30 and 50 mg/L. Because the chimeric SNCA-GFP construct is controlled by the
methionine-repressed P,,.;,, promoter, a-synuclein levels in the cells of the model strain
differed at different exogenous concentrations of methionine.

Using antibodies to a-synuclein, we found that after 5 h of culturing S. cerevisiae
cells on the medium with methionine at its concentrations of 10, 20, 30 and 50 mg/L
a-synuclein levels were negligible. Under 5 mg/L of methionine in the growth medium,
or its absence, there was an active synthesis of recombinant protein. At the depletion of
methionine in the nutrient medium after 15 h of recombinant yeast strain cultivation,
synthesis of a-synuclein was restored, as evidenced by the results of Western blot
analysis (Fig. 3), most probably due to the exhaustion of methionine from the medium.

As mentioned above, modeling of molecular processes involved in the develop-
ment of PD in yeasts was first performed on S. cerevisiae. In this system, it was first
found that, depending on the genotype of the strains expressing the SNCA gene,
a-synuclein could have a negative or neutral effect on the growth of the host strain [3].
In view of this, we analyzed the growth kinetics of the S. cerevisiae strain that expresses
heterologous human a-synuclein on a mineral medium with the addition of 2% glucose
as a carbon source in the absence of methionine or with the addition of this amino acid
in excess (100 mg/L) to inhibit the expression of a-synuclein (Fig. 4). As a control strain
we used S. cerevisiae wild type strain (FY2) grown on a mineral medium containing 2%
glucose at the presence or without methionine. Growth kinetics of the wild type strain
was similar to that of the model strain (data is not shown).
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Fig. 3. Western blot detection of a-synuclein in cells of the model yeast S. cerevisiae strain, cultured on rich
medium (YP + 2% Gilc), as well as on mineral medium (MM) without (-met) or with different concentra-
tions (5-50 mg/L) of methionine. The duration of yeast cultivation — 5 and 15 h

Puc. 3. BecTepH-6roT feTekuisi o.-CUHYKIEIHY B KMiTUHAX MOAENbHOIO WTamy ApixaxiB S. cerevisiae, Kynb-
TuBOBaHNX Ha Baratomy cepegosuli (YP + 2% Gilc), a Takox Ha MiHepansHoMy cepefosuLli (MC)
6e3 MeTioHiHY (-met) abo 3 pisHUMK KoHUeHTpauiamu (5-50 mr/n) meTioHiHy. TpuBanicTb BUpOLLY-
BaHHs Giomacu fapixaxis ctaHoBuna 5i 15 rog
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Fig. 4. Growth kinetics of the model yeast S. cerevisiae strain on the medium with excess of methionine
(YNB + 2% Glc + 100 mg/L met) and without amino acid (YNB + 2% Glc - met)

Puc. 4. KiHeTrka pocTy MogenbHOro Wwtamy ApbkaxiB S. cerevisiae Ha cepefoBULL 3 HAAMNMLIKOM METIOHIHY
(YNB + 2% Glc + 100 mg/L met) Ta 6e3 amiHokucnot (YNB + 2% Glc - met)

It was found that the expression of the gene encoding a-synuclein apparently did
not affect the growth of S. cerevisiae model strain or its viability. Despite the lack of
cytotoxic effects of a-synuclein, we propose that this strain can be used to screen for
mutations and chemical compounds that may increase the degree of aggregation of this
human protein, or accelerate its degradation.
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CONCLUSIONS

We constructed a novel model strain of the baker’s yeast S. cerevisiae expressing
recombinant human a-synuclein and demonstrated that, contrary to O. polymorpha
counterpart produced with the same vector [2,10], in S. cerevisiae expression from the
control of promoter of the MET25 biosynthetic gene is readily regulated by exogenous
methionine. This effect decreased with the prolonged time of incubation and was
accompanied by the resumption of recombinant protein biosynthesis. However, observed
no apparent cytotoxic effect of the recombinant protein on its host at its highest level of
expression. At the same time, the foreign protein did not form intracellular aggregates
and exhibit uniform cytosolic localization. We propose that a version of a-synuclein car-
rying mutation A53T that renders it prone to aggregation [5] has to be compared with the
current wild-type protein form. Alternatively, the developed S. cerevisiae strain can be
used in further studies on screening intra- and extracellular factors which can induce
a-synuclein aggregation or degradation.
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KOHCTPYIOBAHHA MOAEJNIbHOIO LUTAMY OPDRKOXIB
SACCHAROMYCES CEREVISIAE 3 PEIYIIbOBAHOIO EKCIMPECIEIO
ATNb®A-CUHYKINEIHY NIOOAUHN

H. B. MpywaHuk', FO. I. ®edopko’, O. B. Cmacuk?, O. I Cmacuk'?
' Jlbeiecbkuli HaujoHanbHUU yHisepcumem imeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

2 [nemumym 6ionoeii knimuHu HAH YkpaiHu, eyn. [pazomaHosa, 14/16, Jlbeie 79005, YkpaiHa

BcTyn. Bigomo, o ofHieto 3 npuynH xBopobu MNapkiHcoHa € HenpaBuibHWUIA Gorn-
OVHT | HAKOMUYEHHS arperaTiB o.-CUHYKIEIHY. HanBaXknusiluMm YMHHMKOM, LLO BrnvBae
Ha npoLiec arperavuii a-CUHYKNeiHy, € piBeHb LbOro Binka B HEMPOHaX, KU 3aneXunTb Bif,
BanaHcy piBHOBarn Mk MOro CUHTE30M, derpagauicto Ta cekpeuieto. 3a NeBHUX yMOB,
KON CUHTE3YETbCS BeNuKa KiMbKiCTb 0-CUMHYKIETHY, MOHOMEPU LbOoro Ginka MoXyTb
arperyBaTi Ha ninigHii MemOpaHi, WO Npu3BOAMTb A0 YTBOPEHHS aminoigis, ¢idpun
i NpoTOdibpMN, He 3gaTHUX BMKOHYBaTH idionorivni dpyHkuii. OCKinbk1n BUBYEHHS Brac-
TUBOCTEN 0-CUHYKNETHY in ViIVO € HEMOXIUBUM, AOCHIAHMUKA aKTUBHO MOCYroBYOTbCA
MogernbHUMKU BionoriyHMMK cructeMamu (OQHOKNITUHHI MIKPOOPraHi3Mu, TiHii NI0ACHKMX
KNiTWUH, TBAPWHHI MOZENi TOLLO).

MeToto LbOoro gocnigkeHHs O0yrno CKOHCTPYBATWM PEKOMOIHAHTHMI WTam S. cerevi-
Siae 3 perynboBaHO eKCMNpecCielo NIACHLKOro o.-CUHYKNETHY ANns AOCMiAXEHHS BnacTu-
BOCTEN LbOoro Gifka B yMOBaXx in Vivo Ta CKPUHIHIY HW3bKOMOJSEKYISAPHUX CMONYK, Lo
BMNAMBalOTb Ha MOro arperaito Ta gerpagadito.

Marepianu i meToau. Y uin poboTi MeTogom enektpoTpaHcdopmadii 6yno otpu-
MaHO pekoMbBiHaTHUI WTam S. cerevisiae 3 perynbOBaHOK EKCMPEeCi€lo o-CUHYKIETHY,
KOH'IOroBaHoro 3i 3eneHuM pryopecueHTHUM Binkom. [ns BUSIBNEHHS PiBHA eKcrnpecii
BignoBigHoro Ginka 3acTtocoBaHO MeTond BecTepH-OroTuHry 3i cneundiuHMMmn aHTUTI-
namu, a Ans OCNIMXEeHHS BHYTPILLUHBOKMITUHHOI NoKanisauii — MeToa oniyopecLeHTHOT
MiKpocKorii.

Pe3ynbTaTu. YHacnigok ekcnepumeHTanbHOi poboTu Oyno CKOHCTpyWoBaHO
pekombiHaTHWIA WTaMm S. cerevisiae, B AKOTO Kogytoda NocrigoBHICTb reHa a-CUHYKITETHY
NIOAMHN ekcnpecyBanacs 3-nig perynboBaHoro npomotopa reHa SCMET25. Y xoai aHa-
nigy BNAMBY Pi3HNX KOHLEHTPALN €K30reHHOro METIOHIHY (SK dpakTopa perynsuii ekc-
npecii npomotopa ScMET25) Ha BMICT pekomMbBiHaHTHOro Ginka y KniTmHax OpiKois
Oyrno BMSBMEHO, WO EKCMpecis BiAMOBIOHOIO XMMEPHOTO reHa y MOAENbHOMY LUTaMi
penpecyeTbCs 3a HAasABHOCTI METIOHiIHY B KOHLeHTpauii 10 mr/n Ta Buwe. lig Yac Tpuea-
noro KynsTUBYBaHHSA KMiTUH OPPKOKIB Lier edekT 3MeHLLyBaBCs, iIMOBIPHO, BHacnigok
BUYEpnaHHs METIOHIHY B pOCTOBOMY cepefoBuLLi. TakoX BCTaHOBIEHO, WO NpoayKLis
PEKOMBIHAHTHOIO o-CUHYKNEIHY B KIiTMHaX S. cerevisiae NpakTUYHO He BNnMBana Ha
PICT KNITUH Xa3siHa, Lo BKa3ye Ha BiACYTHICTb abo He3HaYHUIN TOKCUYHUIA eddekT mog-
CbKOrO 0i-CUHYKMEIHY A5 Lboro BUay ApbKOXIB.

BucHoBku. PerynboBaHa ekcnpeciss pekoMBIHaHTHOrO o-CUHYKIEiHY B KITiTUHaX
OPbKOXKIB S. cerevisiae Moxe OyTn BMKOPUCTaAHA 3 METOK CKPWUHIHTY HOBMX CMOMYyK,
34aTHMX BAAMBATK Ha arperauito Y gerpagadito a-CUHYKINEeIHY B KNiTUHaX apiKoKiB.

Knroqoei criosa: Saccharomyces cerevisiae, a-CUHYKNEIH, perynboBaHa eKkcrnpecis
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