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To investigate IRE1-dependent branch of endoplasmic reticulum stress pathway in various cancer
cells we created cDNA-constructs for expression of dominant-negative inositol-requiring enzyme 1 IRE1
and cytosolic domain of IRE1 fused on a C-terminus with ¢c-Myc and 6xHis tags. The non-small-cell lung
carcinoma cells H1299-shE6AP were transfected with these constructs. Using anti-c-Myc antibodies we
demonstrated effective, dose-dependent expression of dominant-negative and cytosolic IRE1 proteins.
In order to investigate IRE1-mediated, heat shock element-dependent transcription, the cells were
further transfected with a reporter construct containing heat shock element. We observed that
overexpression of dnIRE1 in H1299-shEGAP cells led to significant induction of heat shock element-
dependent transcription. This observation may reflect the induction of heat shock genes, which
contribute to cellular adaptation to inhibition of native IRE1l, a key sensory-signaling enzyme of
endoplasmic reticulum stress pathway, which suppresses cancer cell proliferative capacities and
alternates the expression of numerous genes, including many transcription factors.

Key words: endoplasmic reticulum stress, IRE1 enzyme, recombinant protein expression, heat shock
element, luciferase reporter assay.

Endoplasmic reticulum (ER) stress
signaling pathway is activated as an adaptive
response to accumulation of misfolded proteins
in its lumen, which might be caused by a
handful of factors including increase in protein
synthesis, oxidative stress, perturbations of
calcium homeostasis, etc. [1, 2]. In mammals
three transmembrane stress sensors, namely
PERK (double stranded RNA activated protein
kinase, PRK-like ER kinase, IRE1/ERN1
(inositol-requiring enzyme 1, endoplasmic
reticulum to nucleus signaling 1) and ATF6
(activating transcription factor 6) are
responsible for downstream signaling during
endoplasmic reticulum stress [3, 4]. Among
those IRE1 is a dominant sensory-signaling
enzyme, conserved through different groups
of organisms including green plants and
yeast [5]. IRE1 protein consists of a sensory
domain, which is localized in the lumen, a
transmembrane part and a cytoplasmic domain
with two distinct enzymatic activities: kinase

and endoribonuclease [4]. The main function of
a kinase domain is IRE1 autophosphorylation,
which in turn leads to its dimerization and
subsequent activation of endoribonuclease.
Activated IRE1 endoribonuclease performs
a unique cytosolic splicing of transcription
factor XBP1 (X-box binding protein 1) mRNA,
as well as specific degradation of a subset of
mRNAs [6—-8]. Taken together these enzymatic
activities contribute to stress alleviation and
restoration of cellular homeostasis [5, 8, 9].

For glioma and lung adenocarcinoma it
was shown that IRE1 knockdown results in
suppression of tumor growth due to alterations
in expression of numerous pro- and anti-
angiogenic genes, tumor suppressors, cyclins
and transcription factors [10-16]. IRE1 is
considered to be a promising target for new
chemotherapeutic agents, especially in case
of aggressive cancers, such as glioma, where
surgery still remains a poor therapeutic
option [17].
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One of the approaches used to inhibit
IRE1 function in living cell is a dominant-
negative cDNA-constructs strategy, based on
the mammalian expression vector systems,
such as pcDNAS3.1 [4, 10, 11]. In this case, a
plasmid DNA, used for transfection, includes a
modified cDNA sequence of IRE1 gene, which
codes a protein lacking one of or both enzymatic
activities [11, 18]. In U87 glioma cells, which
express dominant-negative IRE1 (dnIRE1),
the downregulation of its phosphorylated
form was demonstrated along with an
absence of transcription factor XBP1 (X-box
binding protein 1) splicing, confirming the
inhibition of both kinase and endoribonuclease
activities of this bifunctional enzyme [18,
19]. Advantages of this method include the
possibility of selection of clones with stable
IRE1 knockdown and, in comparison to RNA
interference, exclusion of possible off-target
effects [11, 18, 20]. Still the detection of
modified IRE1 forms, as well as purification
of recombinant proteins depends on specific
antibodies, which increases the complexity and
cost of experimental procedures.

One of the most intriguing aspects of
cancer cell biology is the cross-talk between
different signaling pathways. For instance, a
number of heat shock proteins are known to
be involved in the ER stress response. When
ER folding capacity is exceeded, molecules
of chaperone BiP/GRP78 dissociate from
sensory domains of IRE1, PERK and ATFG,
which leads to their activation [21]. It was
shown, that stressful conditions result in
increased BiP/GRP78 expression in glioma
cells regardless of IRE1-XBP1 branch of
ER stress [14]. Activation of transcription
factor ATF6 results in increased expression
of ER chaperones GRP78 and GRP94 [21]. In
contrast, induction of two HSP40 (heat shock
protein-40)-like proteins Erdj4 and p58™%
upon ER stress seems to be mostly XBP1-
dependent [22]. Along with other regulatory
elements, such as XBP1 of ATF6 binding
sites, promoters of HSP genes contain the
so-called heat shock elements (HSE), various
arrays of inverted repeats of the pentameric
sequence nGAAn which are responsible for
binding of heat shock transcription factors
under conditions of thermal stress [23]. Up to
date, it was largely unknown for mammalian
cells whether disruption of certain branches
of ER stress pathway results in compensatory
induction of heat shock response.

The aim of this work was creation of
improved cDNA-constructs of IRE1 with
C-terminal c-Myc and 6xHis tags for
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investigation of the IRE1-dependent branch
of endoplasmic reticulum stress pathway.
Using original dnIRE1 expression construct in
combination with HSE-containing luciferase
reporter we studied the effect of dnIRE1
overexpression on the HSE-dependent
transcription in a subline of non-small cell
lung carcinoma H1299-shEGAP [24]. It was
shown, that overexpression of dominant-
negative IRE1 led to significant induction of
HSE-dependent transcription.

Materials and Methods

Creation of genetic constructs
pcDNA4+dnIRE1 and pcDNA4+cytIRE1

Genetic constructs pcDNA4+dnIRE1 and
pcDNA4+cytIRE1 were based on the vector
pcDNA4-Myc/His-A (Invitrogen, USA).
The vector was linearized simultaneously
with two restriction enzymes HindIII
and Xbal (NEB, USA). Coding sequence
of dominant-negative IRE1 (dnIRE1)
was obtained via PCR with forward
5-GAGAAGCTTCCTCGCCATGCCGG-3’
and reverse 5 -GACTCTAGAGTCTTG-
TTCCAGGGAG-3'primers, which include
recognition sites for HindIII and Xbal
restriction enzymes, respectively. Coding
sequence of cytoplasmic domain of IRE1l
(cytIRE1) was obtained via PCR with forward
5-CATAAGCTTTCCCCTGAGCATGCAT-3’
primer with HindIII recognition site and
reverse 5-CTTCTAGAGAGGGCGTCTGGAG-3’
primer with Xbal recognition site.
Introduction of restriction enzyme recognition
sites into primer sequences was done in order
to enable sticky end directional cloning. As a
PCR template we used a construct with a full
length IRE1 ¢cDNA sequence in pcDNAS3.1
vector (kindly provided by prof. M. Moenner,
University of Bordeaux-1, France). Obtained
fragments were ligated into a linearized vector
using T4 DNA ligase (NEB, USA) according
to manufacturer’s instructions. DHb5a
E. coli cells were heat-shock transformed with
pcDNA4+dnIRE1 and pcDNA4-+cytIRE1
constructs and subsequently plated on a
solid LB medium with 100 ng/mL ampicillin.
Nucleotide sequence of created constructs was
determined by GATC Biotech (Germany) using
T7 and BGH standard sequencing primers.

Cell culture

H1299-shE6AP cells (kindly provided
by prof. Martin Scheffner, University of
Konstanz, Germany, described in [24]) were
cultured in DMEM (Gibco, USA) with 10%
FBS at 37 °C, 5% CO,.
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Transfection

For transient expression of dnIRE1 and
cytIRE1 H1299-shEGAP cells that reached
> 90% confluence were transfected with
different combinations of plasmid DNA
by lipofection using Lipofectamine 2000
(Invitrogen, USA) according to manufacturer’s
instructions. Transfection was performed
in 6-well polystyrene plates (Greiner bio-
one, Germany). For analytical expression of
dnIRE1 cells were transfected with plasmid
DNA in following combinations: 100 ng
pcDNA4+dnIRE1, 300 ng P-galactosidase
expression construct [24] 400 ng pcDNA4-
Myc/His-A vector (Invitrogen, USA);
500 ng pcDNA4+dnIRE1, 300 ng P-galac-
tosidase expression construct. For
analytical expression of cytIRE1 cells were
transfected with plasmid DNA in following
combinations: 500 ng pcDNA4+cytIRE1,
300 ng PB-galactosidase expression construct,
1 500 ng pcDNA4-Myc/His-A vector, 1 000 ng
pcDNA4+cytIRE1, 300 ng [-galactosidase
expression construct, 1 000 ng pcDNA4-Myc/
His-A vector, 2000 ng pcDNA4+cytIRE1, 300 ng
[(-galactosidase expression construct.

As a control cells were transfected with
500 ng vector pcDNA4-Myc/His-A together
with 300 ng p-galactosidase expression
construct.

For luciferase reporter assay cells were
transfected with 500 ng pcDNA4+dnIRE1,
1 000 ng 3xHSE-luc construct (kindly provided
by prof. Martin Scheffner, University of
Konstanz, Germany), 300 ng p-galactosidase
expression construct. Control cells were
transfected with 500 ng pcDNA4-Myc/His-A
vector, 1 000 ng 3xHSE-luc-construct, 300 ng
p-galactosidase expression construct.

Cell lysis and B-galactosidase assay

Cell lysis was performed 24 hours after
transfection in TNN buffer (100 mM Tris-HCI,
100 mM NaCl, 1% NP-40, 1 mM Pefabloc,
1 pg/mL Aprotinin/Leupeptin, 1 mM DTT,
pH 8.0). In order to determine the
B-galactosidase activity 5 pl of lysate
was mixed with 5 pl ortho-nitrophenyl-p-
galactoside (4 mg/ml in 100mM Na,HPO,,
pH 7.0 ) and 120 pl buffer Z (100 mM
Na,HPO,, 10 mM KCIl, 1 mM MgSO,, 50 mM
B-mercaptoethanol, pH 7.0) and incubated
at 37 °C for 10 min. Measurements were
performed at Wallac 1420 multilabel counter
(PerkinElmer, USA) at wave length of 405 nm.
Obtained values were used for calculation of
relative transfection efficiency.

Western blot

Cell lysates were normalized with
regard to relative transfection efficiency.
Protein transfer to PVDF membrane
(Millipore, Germany) was performed with
wet electroblotter (Bio-Rad, USA) for 90 min
at 60 V. After the transfer membrane was
incubated in 5% milk powder for 48 hours at
4 °C. Anti-c-Myc mouse monoclonal antibodies
(Abcam, UK) in 1:1 000 dilutions were
used for detection of recombinant proteins.
Blots were developed using WesternBright
ECL (Advansta, USA) Signal detection was
performed in the imaging system LAS-3000
(Fujifilm, Japan).

Luciferase reporter assay

Luciferase activity in lysates was
measured using Luciferase Assay system kit
(Promega, USA) on Wallac 1420 multilabel
counter (PerkinElmer, USA). Measurement
results were normalized according to relative
transfection efficiency. For statistical analysis
of obtained data we performed one sample
T-test.

Results and Discussion

Genetic constructs pcDNA4+dnIRE1 and
pcDNA4+cytIRE1

Creation of an appropriate dominant-
negative form of IRE1 requires a construction
of its truncated cDNA sequence, which
would code intact N-terminal signal peptide
(residues 1-18), sensory (residues 18-443) and
transmembrane (residues 444-464) domains,
but would lack the full sequences of kinase
(residues 571-831) and endoribonuclease
(residues 837-963) parts (Fig. 1, A). To the
contrary, for expression of cytosolic domain
of IRE1 protein must be truncated from
N-terminus for at least 464 residues. At the
same time, for expression of C-terminally
tagged proteins it is necessary to maintain the
open reading frame and avoid formation of
stop codons during the cloning. A 1690 bp long
fragment coding a dominant-negative IRE1,
which corresponds to amino acid residues 1
to 537 of native IRE1, was obtained via PCR
and subsequently digested with restriction
enzymes HindIII and Xbal (Fig. 1, B).
Respective fragment was ligated into pcDNA4-
Myc/His-A vector. Similar approach was used
to obtain a coding sequence of cytosolic domain
of IRE1. A 1557 long PCR product, which
corresponds to amino acid residues 488 to 977
of a full length IRE1 was restriction digested
and ligated into vector (Fig. 1, C).
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IRE1 977 aa

N S sensory ™ kinase RNase
dnIREI 537 aa + c-Myc + 6xHis
S sensory ™

B

cytIRE1 489 aa + c-Myc + 6xHis
kinase

S GEEL G

837-963
Fig. 1. Schematic representation of expected protein products:
A — domain structure of native IRE1;
B — dominant-negative form of IRE1 (dnIRE1) with C-terminal c-Myc and 6xHis tags;
C — cytosolic domain of IRE1 (cytIRE1) with C-terminal c-Myc and 6xHis tags.

S — N-terminal signal peptide, TM — transmembrane region, RNase — endoribonuclease

Sequencing results have shown that the
sequences of the fragments were as expected and
open reading frames remained intact, thus fusing
the desired IRE1 parts with C-terminal tags.

Analytical expression of IRE1 cytosolic
domain and dominant-negative IRE1 in
H1299-shE6AP cells

In order to determine, whether the created
constructs are suitable for expression of
desired protein products, we transfected
H1299-shEGAP cells with different amounts
of pcDNA4+dnIRE1 and pcDNA4+cytIRE1
plasmids and performed the Western blot
analysis with anti-c-Myc antibody. Our
data show, that dominant-negative IRE1 is
expressed as a protein product of expected
size (Fig. 2). For both dnIRE1 and cytIRE1 the
amount of protein depends on the quantity of
plasmid, used for transfection (Fig. 2, Fig. 3).
Surprisingly, in case of cytIRE1 two fragments
of similar size were detected (Fig. 3).

Interestingly, a similar picture was
earlier observed by different authors, who
also utilized different cloning strategies. For
instance, two bands were detected by Wang
and co-authors after expressing a cytoplasmic
domain of murine IRE1, fused N-terminally
with GAL4 and C-terminally tagged with
c-Myc epitope [25]. However, they did not
attempt to explain their observation. Uemura
and co-authors expressed a C-terminally
HA-tagged cytoplasmic domain of IRE1
(residues 469-977) and observed two distinct
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protein products on the blot [26]. The
authors suggest that the bands represent an
autophosphorylated and non-phosphorylated
forms of IRE1 cytoplasmic domain, supporting
their suggestion by the fact, that a kinase-
dead cytoplasmic part of IRE1 forms a single
band on the blot. Moreover, they demonstrate
that the resulting recombinant protein is able
to catalyze the XBP1 mRNA splicing [26].
Thus, we can assume that pcDNA4+cytIRE1
construct is suitable for expression of a
catalytically active cytoplasmic domain of
IREL. Notably, no second band was observed in
case of dnIRE1, providing additional evidence
for its dominant-negative character (Fig. 2).

Overexpression of dominant-negative IRE1
influences HSE-mediated transcription in
H1299-shE6AP cells

Previously, it was shown that in yeast a
constitutive activation of heat shock response
(HSR) by overexpression of Hsfl (heat
shock factor 1) is able to rescue growth in
IRE1 knockout cells [27]. Moreover, it was
demonstrated that in IRE1-deficient yeast cells
heat shock response is activated by ER stress,
while in wild-type IRE1 cells no ER stress-
mediated activation of HSR was observed
[27]. In this study we aimed to test, whether
overexpression of dnIRE1 alone, with no
additional stress induction is sufficient for
activation of HSE-dependent transcription
in mammalian cells. For this we used an HSE-
containing luciferase reporter construct
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Fig. 2. Western blot analysis of dnIRE1 expression
in H1299-shEGAP cells:

V — cells transfected with empty vector pcDNA-
4mycHis4; 100 — cells transfected with 100 ng
pcDNA4-+dnIRE1; 500 — cells transfected with

500 ng pcDNA4+dnIRE1

(3xHSE-luc) (Fig. 4). H1299-shEGAP cells
were co-transfected with pcDNA4+dnIRE1,
3xHSE-luc and P-galactosidase expression
construct. Luciferase activity was measured
in cell lysates and normalized according to
relative transfection efficiency. We found that
overexpression of dominant-negative IRE1
led to more than two-fold increase in HSE-
mediated transcription (Fig. 5). These results
suggest that inhibition of IRE1 function may
lead to heat-shock independent activation of
HSR pathway in mammalian cells, which in
turn may contribute to restoration of cellular
homeostasis.

Overall, as a result of this study we created
original expressing constructs for dominant-
negative IRE1 and cytoplasmic part of IRE1.

2000 1000 500

70 kDa =

55 kDa — M

Fig. 3. Western blot analysis of cytIRE1
expression in H1299-shE6AP cells:

2000 — cells transfected with 2000 ng
pcDNA4+cytIRE1; 1000 — cells transfected with
1000 ng pcDNA4+cytIRE1; 500 — cells transfec-

ted with 500 ng pcDNA4+cytIRE1

The respective recombinant proteins possess
C-terminal c-Myc and 6xHis tags, which
make their detection easier, and also provide
an option for effective affinity purification.
Despite promising indirect evidence, the
enzymatic activity of cytIRE1 is still to be
tested. We were first to demonstrate that
overexpression of dominant-negative IRE1
alone with no additional thermal or ER
stress leads to activation of HSE-dependent
transcription in H1299-shE6AP cells. This
might reflect a cellular adaptive response to
inhibition of IRE1 activity. An interaction
between two pathways: endoplasmic reticulum
stress and heat shock response in cancer cells
is an interesting and therapeutically relevant
topic, which requires further attention.

A Adenovirus
major late promotor

B TAGAACATTCTAGCTAGAATGTTCTAGATCTAGAACATTCTA

Fig. 4. Schematic representations of 3xHSE-luc reporter construct:
A — general scheme; B — nucleotide sequence of the region containing heat shock response elements
(3xHSE — single elements underlined, inverted repeats marked in red)
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Fig. 5. Effect of dominant-negative IRE1 overexpression on HSE-mediated transcription in H1299-shEGAP cells:
A — relative luciferase activity, * — P < 0.05; n = 4; B — Western blot analysis of dnIRE1 expression:
V — cells transfected with empty vector pcDNA4-Myc/His-A; dn — cells transfected with pcDNA4+dnIRE1
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®OPMU EH3UMY IRE1 ¥ CYBJITHII
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TPAHCKPHIIIIIO, IIIO SAJEHRHUTD

BIJ EJIEMEHTY TEIIJIOBOI'O IIOKY
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Meroto poboTu OyJI0 AOCTIMKeHHA (PYyHKII
IRE1-3amesXH0i MK CUTHAJIBLHOTO IIJIAXY CTPe-
Cy eHJOIJIa3MAaTUYHOTO PETHUKYJIYMY B Pi3HUX
TYXJIUHHUX KJIiTuHax. [Jid mporo 0yJio CTBOPEHO
kIHK-rKoHCTPYKIii ayia exkcrpecil momiHaHT-He-
ratuBaoi ¢opmu ensumy IRE1 — dnIRE1l Ta
mutosdosabHoro nomeHny IRE1, sautux na C-kiu-
i i3 ¢c-Myc emitomom Ta 6xHis. IlumMmu KoH-
CTPYKIiAMHU OyJa0 TpaHC(hiKOBAHO KJIITHHU HE-
OPiOHOKJIITMHHOI KapIMHOMU JereHb CcyOJIiHil
H1299-shE6AP i 3a nomomororo antu-c-Myc auTu-
TiJI MOKa3aHO e(DEKTUBHY 0303aJIeKHY €KCIIPecito
npoTeiHiB JOMiHAHT-HeraTuBHOI ()OPMU Ta IIUTO-
sosbHOTO nomeny IREL. [lna gociim:KkeHHS omoce-
penxosBanoi IRE1-rparnckpumiiii, 3aae:xKHoI Bif ese-
MEHTY TEIJIOBOTO ITIIOKY, KJIITUHU OyJIM IOBTOPHO
TpaHc(hiKoBaHi JOIM(EPaZHUM PEIIOPTEPOM, KU
BKJIIOUAB eJIEMEHT TeILJIOBOTO ITTOKY. BeTaHoBIeHO,
mo Hagekcupecia dnIRE1l y xkaituaax cy6uimii
H1299-shE6AP npusBoguTh 10 BUPAYKEHOro iHy-
KYBaHHSA TPAaHCKPHUIILii, 3aJIe)KHOI BiJ eleMeHTY
TemyioBoro IoKy. Ile MosKe cBigumTHM PO mOCH-
JIeHHSA eKCIIpecii reHiB TeIJI0BOro IIOKY, SKi Bimi-
TpaloTh BAXKJINBY POJIb B afalTallii MuX KJIITUH [0
mpurHiveHHA akTuBHOCTI HaTuBHOro IRE1, KiItouo-
BOT'O CEHCOPHO-CUTHAJIBLHOTO EH3UMY CTPECy eHIOII-
JIa3MaTUYHOTO PETUKYIIYMY, 1110 3HUIKYE 3TaTHICTD
OYXJUHHUX KJIITHH I0 mpoJideparliii Ta mogudikye
eKCITPeciio YNCJIeHHUX I'eHiB, BKJIIOUAIOUYN BEJIUKY
KinbKicTh TpaHCKPUOIIHHUX (PaKTOPiB.

Kntouwoei cnosa: cTpec eHIOMIa3MAaTUYHOTO PETH-
Kyaymy, emsum IRE1l, excmopecigs peromOi-
HAaHTHUX IIPOTEIHiB, e€JIeMEHT TeIJIOBOTO IIOKY,
MeTo[ JirorudepasHoTro pernopTepa.
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ITenpio paboThI OBLIO HWCCaEqOBAHNE DYHKIIUU
IRE1-3aBrcUMO# BETBU CUTHAJIBLHOI'O IIYTU CTPEC-
ca SHAOIIA3MAaTUYECKOT0 PETUKYJIyMa B PAsSHBIX
OITyXO0JIEBBIX KJIETKaxX. [ 3TOTo OBLIN CO3MaHBI
kJIHK-KOHCTPpYKIIUY IJIA SKCIIPECCUU TOMUHAHT-
HeraTtuBHOI (popmbl sH3uMa IRE1 u miuTo3oabHO0TO
nomeHa IRE1, ciureix Ha C-KowuIle ¢ c-Myc snuTo-
oM u 6xHis. 9TUMU KOHCTPYKITUAMY OBLIN TPaHC-
(GUITIPOBAHBI KJIETKU HEMEIKOKJIETOUHON KapITUHO-
mbl jterkux cyoauaun H1299-shE6AP u ¢ momoristo
auTu-c-Myc aHTHUTes ToKasaHa 3 heKTUBHAA 10303a-
BUCHUMAsA 9KCIIPECCUSA ITPOTENHOB JOMUHAHT-HETaTUB-
HOU hopMbI 1 rTuTO30JbHOrO JoMeHa IREL. [Tna mc-
cienoBanus omocpenosanHoit IRE1-rpauckpuniiuu,
3aBUCHMOI OT 9JI€MEHTAa TEILJIOBOTO I0OKAa, KIeTKHU
OBLIM TOBTOPHO TPAHCHUITMPOBAHBI JIoludepas-
HBIM PEeIOPTEepPOM, BKJIIOUAIOIIIMM JJIEMEHT TeILIO-
BOT'O ITIOKA. YCTAHOBJIEHO, UTO CBEPXAKCIIPECCUA
dnIRE1 B kierkax cyoauauu H1299-shE6AP mpu-
BOJUT K BBIPAXKEHHOM MHAYKIINY TPAHCKPUTIIINHY, 3a-
BHCHMOM OT 9JIEMEHTAa TEILJIOBOTO ITTOKAa. OTO MOYKET
CBUIETEJILCTBOBATH 00 YCUJIEHUY SKCIIPECCUU TE€HOB
TEILJIOBOTO ITI0KAa, UTPAIOIUX BayKHYIO POJIb B afar-
TalU¥ KJIETOK K IOJABICHNIO aKTUBHOCTYA HATUBHO-
ro IRE1, KJI104eBOT0 CEHCOPHO-CUTHAJIHLHOTO SH3UMA
cTpecca 9HIOILIa3MaTUUYECKOTO PETUKYJIyMa, KOTO-
PRI CHUIKAET CIIOCOOHOCTDH OMYXOJIEBBIX KJIIETOK K
npoaudepanuu 1 MOgUPUIUPYET SKCIIPECCUI0 MHO-
TOUMCJIEHHBIX T€HOB, BKJIIOUAA O0JIBITIOE KOJUYECTBO
TPaHCKPUOIIMOHHBIX (DAKTOPOB.

Knrouesvle cnosa: crpecc SHIOMIAZMATHYECKOTO
petukyayma, susuMm IRE1, skcnpeccuss peKomoOu-
HAHTHBIX IIPOTENHOB, JIEMEHT TEIJIOBOTO IIIOKa,
MeToz Jironu(epasHoro pemoprepa.
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