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Abnormal oligomerisation and aggregation of the protein called alpha-synuclein
(a-syn) are the key events in the pathogenesis of Parkinson’s disease (PD). Recent dis-
coveries revealed cellular pathways that potentially relate neurodegenerative disease
(ND) to abnormal functioning of mitochondria or anomalous glucose metabolism. In this
study we describe for the first time strains of the thermotolerant methylotrophic yeast
Hansenula polymorpha that produce human GFP-tagged a-syn as a new model of mo-
lecular processes leading to PD. We observed that NCYC495-SNCA wild-type strain did
not form visible a-syn amyloid-like aggregates but exhibited plasma membrane perfora-
tions and cytoplasm leakage. gcr7-2-SNCA mutant strain deficient in catabolite repres-
sion and glucose transport exhibited enhanced aggregation of fluorescently tagged o-syn.
However, the observed differences did not result from the impaired glucose metabolism
as were observed in both a-syn-producing strains grown on glycerol. Production of a-syn
was detrimental for both strains and decreased their growth rate on alternative carbon
sources. Our data suggests that H. polymorpha may serve as an informative new yeast
model for deciphering molecular mechanisms of PD that regulate amyloid formation and
degradation under the influence of various extra- and intracellular factors.

Keywords: methylotrophic yeast, a-synuclein, amyloids, neurodegeneration.

INTRODUCTION

Human neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s
disease, dementia with Lewy bodies, and Huntington’s disease belong to the superfami-
ly of pathologies known as protein misfolding disorders [27]. It is now known that these
disorders have some common cellular and molecular mechanisms including protein mis-
folding and aggregation and formation of inclusion bodies. These aggregates usually
consist of fibers containing misfolded proteins with B-sheet conformation, termed amyloid
[21]. The composition of the aggregates, as well as their localization in organs and tis-
sues, is specific for each disease. For example, in PD there is abnormal accumulation of
synuclein in neuronal cell bodies, axons, and synapses [11]. This disease represents
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agroup called synucleinopathies. Pathological brain inclusions composed of filamentous,
mainly insoluble a-syn protein that affect substantia nigra are called Lewy bodies (LB).

Human a-syn is a small heat-stable cytoplasmic protein of 140 amino acids found
primarily at presynaptic terminals of the central nervous system (CNS) [17, 29]. Although
the exact role of a-syn in normal cell functioning remains to be fully defined, a-syn is as-
sumed to be involved in the regulation of synaptic-vesicle release and trafficking, fatty
acid-binding and stabilising complexes of SNARE family proteins, therefore affecting
membrane stability and neuronal plasticity and survival [29, 31]. Ample evidence suggests
that overproduction of a-syn interrupts normal cell functions resulting in decreased
neurite outgrowth and cell adhesion [7].

Abnormal interactions and misfolding of synaptic proteins in the nervous system are
being extensively explored as important pathogenic events resulting in neurodegeneration
in various neurological disorders. A natively unfolded protein, a-syn, can adopt different
conformational states and different aggregated morphologies, including small aggregates,
oligomers, spherical and linear protofibrils, and fibrils [31]. At present it is widely accepted
that abnormal oligomerisation and aggregation of a-syn are the key events in PD patho-
genesis [5, 6]. There is ongoing intense debate regarding the nature of the aggregates and
protein forms that are toxic in neurodegenerative disorders. Some studies suggest that
earlier aggregation intermediates, such as oligomers, are more toxic than larger inclusions
and that the smaller nonfibrillar species of a-syn are the ones that may primarily exert the
neurotoxic effect [6]. The formation of such oligomers in vitro led to the increase in leaki-
ness of synthetic lipid vesicles [30]. Direct in vivo data supporting the “toxic oligomeric
a-syn hypothesis” are still relatively limited and most of the evidence is circumstantial. The
conclusion about the role of large insoluble o-syn aggregates, the hallmark of PD, inside
or outside cells has also been switching between the toxic and cytoprotective properties
during the last decade. However, it has been recently demonstrated that a-syn fibrillar
assemblies exhibit a level of cytotoxicity at least 1,000-fold higher than that of their precur-
sor oligomers at identical particles concentrations, the toxicity being associated with their
ability to bind and permeabilize the cell membranes [20].

Despite the fact that a primary cause for PD is yet to be identified, a number of risk
factors are known. Although there is the occasional case of the disease being developed
in a young adult, it generally manifests itself in the middle to late years of life and the risk
continues to increase with age. Various trigger factors, either genetic such as point mu-
tations in a-syn SNCA gene or environmental, such as low pH, high temperature, metal
cations, pesticides, heparin and other glycoseaminoglycans have also been shown to
play a role in conversion of a-syn into its B-sheet conformation [7]. Several recent dis-
coveries have highlightened common cellular pathways that potentially relate neurode-
generative processes with abnormal functions of mitochondria and anomalous glucose
metabolism [23, 26, 32]. It has been reported that diabetes mellitus type Il is associated
with increased PD risk [26, 32]. PD has also been associated with reduced insulin-me-
diated glucose uptake, inhibition of early insulin secretion and long-term hyperinsulinae-
mia and hyperglycaemia after glucose loading [1].

Intense research has also been conducted to generate artificial models that closely
resemble PD, including animal and yeast models [9]. Importantly, yeast and human cells
share basic fundamental aspects of eukaryotic cell biology. This allows a number of key
processes, which are of particular interest to PD pathology, to be efficiently investigated
in the well-understood yeast model. These include the mechanisms of protein folding,
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quality control and degradation, the components involved in the secretory pathway and
vesicular trafficking, the study of mitochondrial dysfunction and oxidative stress, the
mechanisms of cell death and survival [9].

Bakers’ yeast Saccharomyces cerevisiae has traditionally been the most popular
model yeast for PD studies [18, 27]. However, it is now recognized that its physiology
and genetic apparatus, for instance involved in glucose consumption, are highly specia-
lized to support fermentative growth [24]. Here we attempted to evaluate methylotrophic
yeast Hansenula polymorpha as an alternative yeast model for investigation of molecu-
lar mechanisms of PD. The full genome for this yeast is publicly available, regulated
heterologous gene expression systems are well developed and mutants deficient in
glucose transport were described for H. polymorpha [10, 13]. Crucially, it is the thermo-
tolerant yeast, contrary to S. cerevisiae, capable of growth at 37 °C which is a physio-
logical temperature for human organism.

In this study we addressed the question whether a-syn expression in H. polymorpha
host impaired in glucose transport and metabolism would be more toxic relative to the wild
type strain. For this, we utilized previously described by us H. polymorpha strain harboring
mutation in the GCR1 gene, encoding for putative glucose sensor/transporter protein [25].

MATERIALS AND METHODS
Strains. Used in this study are listed in Table 1.

Table 1. Strains of yeast and bacteria used in this study
Tabnuys 1. Wtamun ppixoxiB i 6akTepin, AKi BAKOPUCTOBYBanuchb y AaHOMy AOCHiAKeHHi

Hansenula polymorpha
NCYC495ura3 |ura3

ger1-2 ura 3 ger 1-2 ura 3 [25]
NCYC 495 SNCA |leu1-1 ScCLUE2 P,;z;,5-yEGFP3-SNCA-T sy, This work
ger 1-2 SNCA ger 1-2 leu1-1 ScLUE2 P, ,;,.-yEGFP3-SNCA-T ., This work

Escherichia coli

lacZAM15, recA1, endA1, gyrA96, thi-1, hsdR17(r,, m,*),
supE44, relA1, deoR, A(lacZYA-argF)U169

DHb50.

Media and growth conditions. Yeast strains were cultivated at 37 °C in rich medium
YPS (1 % yeast extract, 2 % bactopeptone, 1 % sucrose) and synthetic minimal medium
(SMD) which contained 0.17 % yeast nitrogen base without amino acids and ammonium
sulfate (YNB), 1 % glucose or 1 % glycerol, 0.5 % ammonium sulfate, and 40-50 mg/L of
auxotrophic amino acids if needed. Solid media contained agar in 2% concentration.

Biomass (in optical density units, ODy,,) was estimated via optical absorption (at the
wavelength of 600 nm in 1 cm cuvette) of diluted suspensions using spectrophotometer
“Helios-y”.

DNA procedures. Standard DNA techniques were carried out essentially accord-
ingly to previously described [22]. Transformation of H. polymorpha was performed by
electroporation [8]. Plasmids used in this study are listed in Table 2. Primers used in this
study are listed in Table 3.
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Table 2. Plasmids and constructed in used this study
Tabnuuys 2. Bektopu, AKi BAKOPUCTOBYBanucb y AaHOMY AOCHiAKEHH

Plasmid Genotype Reference

DKF48 AMPR CEN SCURA3 P, ~GFP- 6xHis-To., [4]
] AmpR CEN ScURA3 P,,.,~GFP-
PKF48-SNCA 1 SNCA(U251MG)-6xHiS-T v
AmpR CEN ScURA3 P,,,.,.-GFP- SNCA
(HEK293)-6xHis-T ...

This work

pKF48-SNCA 2 This work

Table 3. PCR primers utilized for amplification of SNCA ORF

Tabnuus 3. NMpanmMmepu, BUKOpUCTaHi Ana amnnidikauii BiAKpUTOI paMKu 3UMTYBaHHS reHa
SNCA metogom MNP

Primer name Sequence
0G21s 5-GCGATCGATATGGATGTATTCATGAAAGGAC-3’
0G22 5-GTACTCGAGTTAGGCTTCAGGTTCGTAGTCT-3'

Fluorescent microscopy. For fluorescent microscopy yeast cells were synchronized
in YPS medium. Then cells were washed three times with sterile distilled water and trans-
ferred into SMD with different carbon sources with or without methionine (100 mg/L) for
regulation of MET25 promoter with OD,,, = 0.1 to induce GFP-SNCA expression. At4, 24,
32 and 48 h cells were collected by centrifugation and placed on ice until observation. Im-
ages were captured on fluorescence microscope (Axio Imager A1; Carl Zeiss Microlmag-
ing, Jena, Germany) coupled to a monochrome digital camera (Axio Cam MRm; Carl
Zeiss Microlmaging) and processed using the AxioVision 4.5 (Carl Zeiss Microlmaging)
and Adobe Photoshop CS5 software (Adobe Systems, Mountain View, CA).

RESULTS AND DISCUSSION

Construction of vectors for regulated expression of human SNCA ORF in
yeast cells. According to the published data [2, 15] a-syn overproduction is observed
in human embryonal kidney, glioblastoma, neuroblastoma and some other tissues.
Therefore, we used cDNA from human glioblastoma (U251MG) and from human
embryonal kidney (HEK293) to amplify SNCA gene (encoding a-syn) using standard
PCR method with primers for SNCA ORF. Primers OG21s/0G22 (see Table 3) were
flanked with restriction sites for Clal and Xhol, respectively. The obtained fragments had
different sizes: SNCA cDNA from U251MG was approximately 0.3 kb lenghth and SNCA
cDNA from HEK293 was approximately 0.4 kb (Fig. 1). This difference could be
explained by alternative splicing of SNCA transcript, which results in formation of two
differently sized mRNAs of 339 and 420 bps in length. It is known that at least three
isoforms of a-syn are produced via alternative splicing [3]. The major form of the protein,
and the one most investigated, is the 140 aminoacids-long transcript. Other isoforms
are a-syn-126, where exon 3 is lost and lacks residues 41-54; and a-syn-112 [28] which
lacks residue 103-130 due to the loss of exon 5 [3].

The PCR products harboring the SNCA transcripts and the initial plasmid pKF48 [4]
were digested with restriction endonucleases Xhol and Clal for subcloning of the human
SNCA under control of methionine-regulated yeast P, ., promoter. As a result, the SNCA
fragments were fused in-frame to the ORF encoding green fluorescent protein (YEGFP3),
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producing N-terminally GFP-tagged a-syn as a final translation product (Fig. 2). P,,zr»s
promoter is repressed by supplementation of exogenous methionine to the growth me-
dium and, correspondingly, the maximum expression level can be achieved in medium
lacking methionine.
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Fig. 1. PCR products obtained after amplification with 0.75—— S
a pair of primers 0G21s/0G22 from templates: ¥
1 — U251MG cDNA (human glyoblastome); 2 — _ B .
HEK293 cDNA (human embryonal kidney) 0:50 ‘ m 3

Puc. 1. Mpogyktn MNP, amnnidikoBaHi 3 BUKOPUCTAHHAM

- H i ; : . - i
21s/0G22 1a JHK- : N
napu npanmepis 0G21s/0G22 ta QHK-matpuui 0_25__“~

1 — kOHK U251MG (ntogcbkoi rniobnacromu); 2 —
kOHK HEK293 (embpioHanbHOi HUPKW NoANHM)

The obtained plasmids were verified for the presence of SNCA transcripts placed
under MET25 (0,34 kb or 0,42 kb lenghth) by PCR using primers OG21s and OG22
(Table 3). Based on the PCR analysis, we obtained pKF48-SNCA1 vector containing
short SNCA form from glioblastoma and pKF48-SNCA2 with long SNCA form from
human embryonal kidney. The scheme of pKF48-SNCA2 (hereinafter referred to as
pKF48-SNCA) that harbors full length SNCA from HEK293, which was selected for fur-
ther analysis, is shown in Fig. 2.

Isolation of H. polymorpha starins producing human o-syn. The constructed
vector pKF48-SNCA was linearized with Stul and transformed into H. polymorpha
NCYC495 ura3 and gcr1-2 ura3 uracil auxotrophic strains. The transformants were se-
lected on plates with synthetic minimal medium based on the restored prototrophy due to
the presence of yeast URA3 selectable marker on the initial vector pKF48.

We performed fluorescent microscopy analysis of yEGFP3-SNCA expression in the
isolated prototrophic strains incubated for 4 hours in minimal medium lacking methionine
conferring maximal induction of MET25 promoter versus methionine-supplemented me-
dium. We observed green fluorescence in transformant strains cultured in the methionine-
devoid medium, contrary to diminished fluorescence in methionine-supplemented medi-
um or no fluorescence in parental strain that served as a negative control (data not shown).

a-syn production affects growth of the yeast model strains on different car-
bon sources. We analyzed whether a-syn gene expression affects growth of the ob-
tained H. polymorpha recombinant strains on alternative carbon sources. We observed
that, indeed, grown on glucose or glycerol as carbon sources, the wild-type NCYC495-
SNCA and glucose transport-impaired gcr1-2-SNCA strain both exhibited growth im-
pairment relative to initial strains NCYC495 and gcr7-2 and strains expressing GFP
gene only under P, ., promotor (Fig. 3).
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PwmET25

Puc. 2.

Fig. 3.

Puc. 3.

Clal
! His-tag
Fig. 2. Plasmid pKF48-SNCA (AmpR CEN
URA3 PMET25-GFP-6xHis-TCYC1). Physi-
YEGFP3 | SNCA cal map of vector: arrows indicate locations

and orientations of the ORFs. The vector
contains the URAS3 selectable marker, and
gene of ampiciline resistance (AmpR) for
selection of the E. coli transformants. It also
contains 6xHis-tag encoding region, allowing
to detect fused protein by Western blot analysis
using the corresponding primary antibodies.

. pKF48 bears a yEGFP3 (yeast-enhanced

Stul - Green Fluorescent Protein) coding sequence
under the control of the MET25 promoter which
is positively regulated in medium lacking
methionine. Human SNCA gene has been
cloned into pKF48-SNCA using restriction
enzymes Xhol, Clal (marked on the map) so
that the GFP is fused to N-terminal end of
a-syn protein

Mnasmiga pKF48-SNCA (AmpR CEN URA3 PMET25-GFP-6xHis-TCYC1). ®i3un4Ha kapTa BeKkTOpa:
CTPINKOK MO3Ha4YeHO fokanisaLilo Ta opieHTaLito BIAKPUTMX pamMOK 34MTyBaHHSA. BekTop MicTUTb ce-
nexkTuBHUN mapkep URA3 i reH pe3ancteHTHOCTI Ao amniuuniHy (AmpR) ons cenekuii TpaHchopMaHTiB
E. coli. Llen BekTop Takox MiTuTb 6xHis-tag kogyrody OinNsHKY, ska A4ae 3Mory AeTeKTyBaTh XMMepHUI
6inok metogom BecTtepH bnoT-aHanisy 3a 4ONOMOro BifMOBIAHUX MEPBUHHUX @HTUTIN. Y CTPYKTYpi
pKF48 e kogytoya nocnigoBHicTe YEGFP3 (yeast-enhanced Green Fluorescent Protein) nig koHTpo-
nem npomotopa MET25, Skl MO3UTUBHO PErynioeTbest 3a yMOB AedilnTy METIOHIHY B pOCTOBOMY
cepeposuli. leH SNCA 6yB knoHoBaHuii y pKF48-SNCA 3a 4oNOMOroto eHoHykneas pecTpuKLii
Xhol, Clal (no3HayeHnx Ha kapTi) Tak, Wwo N-kiHeub a-syn 6ys 3nuTun 3 GFP

\
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Growth of H. polymorpha strains producing human a-syn (NCYC 495 SNCA and gcr 1-2 SNCA) cul-
tivated in media with different carbon sources: A — NCYC495 SNCA on 1 % glucose and 1 % glycerol;
B — gcr1-2 SNCA on 1 % glucose and 1 % glycerol

KiHeTuka pocTy wramis H. polymorpha, siki npoaykytoTb a-syn nogmHn (NCYC 495 SNCAiger 1-2 SNCA),
KynbTMBOBaHUX y cepefoBuLLax i3 pisHumMu pkepenamu KapboHy: A — NCYC495 SNCA (cepenosuiie
3 1 % rntoko3n 1a 1 % rmiyepony); B — gecr1-2 SNCA (cepenosuile 3 1 % rntoko3n 1a 1 % rniuepony)

Interestingly, whereas both a-syn-expressing strains were similarly significantly af-
fected in the growth on glucose, impairment of glycerol utilization was more pronounced
for the wild-type NCYC495-SNCA relative to the mutant strain gcr1-2-SNCA.
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gcr1-2 mutation enhances human a-syn aggregation in H. polymorpha cells.
Glucose (a glycolytic substrate) and glycerol (a gluconeogenic substrate) were used as
alternative carbon sources to compare the possible effect of defective glucose transport/
metabolism proficiency on a-syn aggregation. Fluorescent microscopy of the wild-type
strain NCYC495-SNCA grown either in glucose- or glycerol-containing liquid medium
revealed that there was only minor aggregate formation in cytoplasm of the cells (Fig. 4).
We assumed therefore that a-syn is accumulated in cytoplasm primarily in oligomeric
forms. Fluorescent microscopy of ger1-2-SNCA cells with defect in glucose utilization
indicated significantly enhanced aggregation of fluorescently tagged a-syn (Fig. 4).
However, such amyloid-like aggreagtes were evidently formed in gcr1-2-SNCA cells in
both glucose- and glycerol-containing media. Therefore, we concluded that polymeriza-
tion of a-syn in ger1-2-SNCA is not a result of disturbances in glucose-dependent me-
tabolism but rather of other pleiotropic effects of gcr7-2 mutation [25], which we will
address in further studies. It has to be also further elucidated, how the rate a-syn ag-
gregation affects cells growth rate depending on the producer genetic background.

NCYC 495 SNCA gcr1-2 SNCA

32h 24 h 4 h

48 h

Fig. 4. Fluorescent microphotography of H. polymorpha strains NCYC 495 SNCA and gcr 1-2 SNCA produ-
cing human a-syn (GFP-tagged) grown on media containing glucose (1 %) and glycerol (1 %) as
carbon sources. The bar represents 5 um length

Puc. 4. dnroopecueHTHa mikpockonis wramiB H. polymorpha NCYC 495 SNCA Ta gcr 1-2 SNCA, siki npogy-
KytoTb a-syn (GFP-miueHuin), BupoLleHnx Ha cepegoBuLi 3 rmoko3oto (1 %) Ta rmigeponom (1 %) sk
mxepenamu Kap6oHy. Bigpisok Ha pucyHky Bignosigae 5 Mkm

Oligomers or small aggregates of a-syn cause plasma membrane perfora-
tions and cytosol leakage in yeast cells. Remarkably, we also observed that glucose-
grown NCYC495-SNCA cells apparently exhibited perforation of plasma membrane
with further cytosol leakage after 24 h of cultivation (Fig. 5). Extracellular fluorescent
o-syn aggregates evidenced cytosol leakage out of yeast cells. Similar changes in the
glycerol-grown cells of this strain were observed after 48 h of cultivation (data not
shown). However, no such effect was observed for the mutant strain gcr1-2-SNCA.
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[C)

Fig. 5. A — Plasma membrane perforation in yeast cells producing a-syn (NCYC495 SNCA), light microsco-
py. B — Cytosol outflow in the same cells, fluorescent microscopy. GFP-tagged a-syn is glowing after
excitation by ultraviolet light. C — merged images of light and fluorescent microscopy. The bar repre-
sents 5 um length

Puc. 5. A—Tepdopadii y nnasmatnyHii MembpaHi kniTuH ApikOXKiB, ki npoaykytoTb a-syn (NCYC495 SNCA);
CBiTNOBa Mikpockonisi. B — BUTIK UMTO301t0 B TUX CaMUX KMiTUH; dortoopecLieHTHa Mikpockonis. GFP-
Mi4YeHuI o-syn dpntoopecuitoe nicnsi 36ymKeHHs ynsTpadioneToBmm cBiTriom. C — HaknagaHHsA MiKpo-
doTorpadpivi CBiTNOBOI Ta prOpPeCLEHTHOI Mikpockonii. Biapi3ok Ha pucyHky Bignosigae 5 Mkm

Two mechanisms have been proposed to explain such effect of a-syn oligomers on
membrane permeability [31]: 1) a-syn annular oligomers may integrate into the membrane
resulting in the formation of pores or channel-like structures that could cause uncontrolled
membrane permeability [14, 33], and 2) oligomers enhance the ability of ions to move
through the membrane bilayer, without the formation of pores [12]. According to the Barrel
model (Fig. 6) a-syn oligomers (B-sheet-rich) form circle structures with central pore.
These aggregates can bind with the membrane causing its permeabilization in a concen-
tration-dependent manner [19]. Thus we hypothesize that intercalation of a-syn oligomers
into cell membrane causes cell lysis in yeast strains that produce this heterologous protein.

Formation of large a-syn aggregates (fibrils), as observed in the gcr1-2-SNCA mu-
tant, apparently have cytoprotective effect and may prevent cell membrane perforation
and cytosol leakage.

CONCLUSIONS

Modeling processes assosiated with human neurodegenerative diseases in yeasts
has been already proven to be very useful to deciphering the complex mechanisms and
pathways underlying these pathologies [9]. In this report we describe for the first time
that methylotrophic yeast H. polymorpha can be an informative model for investigation
of molecular mechanisms of PD. This yeast has several advantages, such as full ge-
nome sequencing, well developed platform for regulated heterologous protein produc-
tion and its extreme thermotolerance [13]. The latter fact allows to study PD-related
mechanisms at physiological for both human organism and this yeast temperature,
37 °C. H. polymorpha has also been extensively used as a model for studying autopha-
gic protein degradation [16] known to be involved in protein aggregates clearance, like
in the case of a-syn amyloids.

In this study we have constructed H. polymorpha strains with normal and partially
defective glucose transport/metabolism, gcr1-2 [25], wich heterologously produce hu-
man a-syn in a regulated manner. We demonstrated that a-syn expression dramatically
affects physiology of the yeast cells, as is indicated by the decreased growth rate on
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Fig. 6.

Puc. 6.

a-synuclein = NACP

L N-terminal C-terminal I
region Central region region
——  ——
‘—'\S — N — [ Cc
Soluble Protein 61 71 82 95 120 140
—
l NAC

Monomer a-Helix Structure

Monomers Insertion

Toroidal Model

gxw?m SRS
$333338%% §§
DL N N N N N N
—’\S - Amyloid Fibrils

Soluble Protein §.3) —
—

=

B 58y

AR LR R R R R TR ey

Primary and secondary structure of a-syn [19]. Top scheme shows the three main domains of a-syn. The
N-terminal (red) is an amphipathic domain that contains the three point mutations (white bars) linked to
the autosomal dominant form of PD. The central region (green-pale brown) is a highly hydrophobic
domain that was originally identified in patients with AD or LBD, which is the precursor of the non-
amyloidogenic component of the extracellular senile plaque (NAC), which promotes the protein
aggregation. The C-terminal domain (blue) has an acidic character, which possesses anti-amyloidogenic
properties. According to the operational model of membrane perforation, once a-syn interacts with the
plasma membrane, it should acquire a new secondary structure to form pores/perforations. The
formation of a-syn pores may be explained by two different models: (A) A toroidal model involving a
sequential binding of a-syn monomers to the plasma membrane that results in the formation of pores or
channels with a-helical conformation; and (B) A barrel model showing that a-synuclein oligomers
(B-sheet-rich) form ring structures with a central pore. The formation of a-syn oligomers enriched in
B-sheet structures could occur in the extracellular space (1) or at the plasma membrane (2)

lMepBuHHa i BTOPMHHA CTPYKTypa o-syn [19]. Ha BepxHiin cxemi nokasaHi Tpy OCHOBHI JOMEHU a-Syn.
N-KiHeLb (4epBOHWIA) € aMinaTU4HUM JOMEHOM, SKUA MICTUTb TPY TOYKOBMX MyTaulii (6ini cToBn4mkm),
NoB’si3aHi 3 ayTOCOMHO-A0oMiHaHTHoto hopmoto Xb. LieHTpanbHa AinsHka (3eneHo-CBiTno-kopuyHeBa) €
CUINbBHO riapodoBHNM OMEHOM, KU cnoYaTKy ByB ineHTudikoBaHWi y nauieHTie 3 XIM abo gemeHLuieto
3 TinbusiMu JleBi, kUi € nonepeaHUKOM HeaMinoigoreHHUX KOMMOHEHTIB NO3aKMiTUHHUX BRSALLOK, KW
cnpusie arperauii 6inki. C-kiHLeBOMY AOMeHy (CuHil), 36aradeHomy KapboKCHamiHOKMCoTaMu, npu-
TaMaHHi aHTW-aminoigoreHHi BnacTMBocTi. BignosigHo Ao aitoyoi Mopeni membpaHHnx nepdpopauin y
pasi B3aeMogii 3 nnasmMaTu4Ho MembpaHoto a-syn HabyBae HOBOI BTOPUMHHOI CTPYKTYpW NSl yTBOPEH-
Hs1 nop/nepdopadii. PopmyBaHHS ai-Syn NOp MOXHa MOSICHUTY ABOMA Pi3HMMK Mogensmu: (A) Moaenb
Topoiaa, ska nepefabdavae nocnifoBHe 3B’3yBaHHS 0-Syn MOHOMEPIB i3 NnasmMaTu4HOK MembpaHoto,
L0 NPU3BOANTL A0 YTBOPEHHsi nop abo kaHaniB 3 o-cripanbHol koHdopmauieto; (B) Mopenb 604Ky,
3riAHO 3 KO O-CUHYKIEIHOBI oniromepu (6arati Ha B-CTPYKTYPHi AiNsSHKN) (DOPMYIOTb KinbLEBi CTPYKTY-
pv 3 UeHTparnbHoK nopoto. PopMyBaHHsI a-syn oniromepis, 36arayeHnx B-CTPYKTYpHUMM AinsiHKamu,
MOXe BifbyT1csa y nosakniTmHHoMy npoctopi (1) abo Ha nnasmatuyrii membpani (2)
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alternative carbon sources (Fig. 3). Remarkably, mutant strain with gcr7-2 mutation
exhibited more efficient amyloid formation than corresponding wild-type strain, and no
membrane perforations which are most probably caused by a-syn oligomers (Fig. 4).
However, these effects are not a direct function of the impaired glucose metabolism as
were also observed in cells grown on a gluconeogenic substrate. The question of what
molecular mechanisms evoked by gcr1 mutation stimulate a-syn aggregation will be
addressed in our prospective studies.
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MOLEJNIOBAHHA MOJIEKYNIAPHUX MPOLECIB, AKI MPU3BOAATb
0O XBOPOBU NAPKIHCOHA, B KIITUHAX METUITOTPO®HUX
AOPDKOXKIB HANSENULA POLYMORPHA
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AHOMarnbHa oniromepusalisi i arperauisi 6inka, sikMin Ha3MBaETbLCA anbga-CUHYKNETH
(a-syn), € kntovoBMMU nogismu B natoreHesi XIMN. OcTaHHiI JoCniaKeHHs BUSIBUNY 3B’S130K
H3 3 aHOManbHUM QYHKLIOHYBaHHSIM MITOXOHAPIN | AedekTHUM MeTabori3MOM KO-
3u1. Y Uin cTaTTi MM BriepLle OnnMcyeMOo LWTaMm TePMOTONEPAHTHNX METUNOTPOGHUX OPiXK-
oxiB Hansenula polymorpha, wo npoaykytote GFP-MideHuin nioacbkuim o-syn i MOXyTb
cnyryeatu mogenunto XI. Hamu 6yno BusieneHo, wo wrtam aukoro Tuny NCYC495-SNCA
He dhbopMyBaB BUAMMUX aMinoigiB o-syn, NpoTe XapakTepudyBaBCs HasiBHICTIO nepdo-
pauin y uMtonnasmMaTuyHii MembpaHi Ta BUTIKAHHAM LMTO305t0. MyTaHTHOMY LUTamy
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gcr1-2-SNCA, skunii Mae NoLLKOOKEHY KaTabomniTHY penpecito Ta rMHKO3HUIA TPaHCMopT,
Oyna nputamaHHa nocurneHa arperadis prioopecLeHTHO MideHoro a-syn. OgHak Taka
BiOMIHHICTb Y 34aTHOCTI yTBOpIOBaTM arperati He Oyna pe3ynsratoM MOLUKOAXKEHHS Me-
Taboniamy rnoKo3u, OCKINbKN TakoX crnocTepiranach i y pasi BUPOLLYBaHHS KIiITUH Ha
cepefosuLLi 3 rriueponom. Npoaykuis o-syn 6yna LKianveow Ans 060X Wrtamis i npu-
rHiYyBana ixHiv piCT Ha anbTepHaTUBHUX KapboHOBMX cybcTpaTax. OTpMMaHi HaMu AaHi
cBigyaTb nNpo Te, Wwo H. polymorpha moxe cnyryBati HOBO iIHPOPMAaTMBHOK APiKOKO-
BOK MoJennto Ans 3'acyBaHHA MonekynsapHux mexaHiamis X1, ski peryniotiote doopmy-
BaHHSA Ta Aerpajadito aminoigis nig BNAYMBOM Pi3HOMaHITHUX N03a- Ta BHYTPILLHbOKII-
TUHHUX PaKTOPIB.

Knroyoei crioea: meTunoTpodHi ApKOXI, a-CUHYKIETH, aminoigun, HenpoaereHe-
pauisi.

MOAENMUPOBAHUE MONEKYNAPHbIX MPOLIECCOB, NEXALLUX B OCHOBE
BOJNIE3HN NAPKMHCOHA, B KIETKAX METUNOTPO®HbLIX OPOXOKEWN
HANSENULA POLYMORPHA
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AHOManbHas onuromepusaums n arperaums 6ernka, KOTopbin Ha3biBaeTcs anbda-
CUHYKNEWH (a-Ssyn), ABMSIIOTCA KITFOYEBbIMU COBbLITUSIMU B NaToreHe3e 6onesxu MNapkuH-
coHa (BIM). MocnegHne ncenenoBaHns 0bHAPYXUK CBA3b HEWpPOOEreHepaTUBHbIX 3a-
oonesanHuii (H3) ¢ aHoManbHbIM QYHKLMOHUPOBAHNEM MUTOXOHAPUA U OeeKTHLIM
MeTabonmaMoM rmKo3sbl. B 3aTon cTaTbe Mbl BNepBble ONMCbIBaeM LUTaMMbl TEPMOTO-
nepaHTHbIX METUNOTPOMHBIX Apoxoken Hansenula polymorpha, npogyumpytowme GFP-
MEYEHbIN YenoBEeYECKUI o-SyN, KOTOpble MOTYT CryuTb Mogenbto BI1l. Hamu 6bino
obHapyxeHo, 4Tto wtamm gukoro Tuna NCYC495-SNCA He dopmupoBan BUAMMbBIX
amMurongoB a-Syn, OAHAKO XapaKkTepunsoBarcst Hanmyumem nepdopauuii B uutonnasma-
TUYecKon MeMbpaHe 1 BbiTekaHuem uuTo3ons. MytaHTHomy wTtammy ger1-2-SNCA,
nMetoLLeMy NOBPEXOEHHYI0 KaTabonMTHY PenpPeccuto 1 rMIOKO3HbIM TpaHcnopT, bbina
npucyLla ycuneHHas arperaumsi priroopecueHTHO MedeHoro a-syn . OgHako Takoe pas-
nnyne B cnocobHOCTN 06pa3oBbIBaTh arperatbl HE SBMSIETCS Pe3ynbratoM noBpexae-
HUs1 MeTabornmama roKo3bl, MOCKOMbKY Takke Habroganock 1 B Cny4vae BbipallyBaHus
KNeTOK B cpefe ¢ rmuueponom. Mpoaykums a-syn Obina BpeaHon s o6omx LTaMMoB
1 NofaBnsna ux pocT Ha ankTepHaTMBHBLIX kKapboHOBLIX cybcTpaTax. Mony4YeHHble Hamu
OaHHble CBUOETENbLCTBYIOT O TOM, UTO H. polymorpha MOXET CNyXuUTb HOBOW MHGOPMa-
TVMBHOWN POXOKEBON MOAENbIO MPOLECCOB, Nexalynx B ocHose bIl, Ans BbISCHEHUs Mo-
NeKynspHbIX MEXaHN3MOB, KOTOPbIE perynupytoT hopmMupoBaHme 1 gerpagauuto amu-
NOVAOB MO BIMSHUEM PasfMYHbIX BHE- M BHYTPUKIETOYHbIX (haKTOPOB.

Knroveenle crioea: MeTUNOTPOMHLIE OPOXKM, 0i-CUHYKITEUH, aMUNOUAbI, HENPO-
JereHepauus.
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