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CLONING, MUTATION AND EXPRESSION OF PIORF4 CDNA GENE
IN ESCHERICHIA COLI CELLS AND PURIFICATION
OF PIORF4(E9D)-6HIS RECOMBINANT PROTEIN

In plant cells exposed to stress, 18S rRNA has been observed to cleave as part of the small ribosomal
subunit and accumulate a 135 nucleotide 5’-terminal fragment, termed 5,3S rRNA. However, the physi-
ological significance of this phenomenon remains unknown. The aim of this study was to investigate
the role of discrete 18S rRNA fragmentation in plants using the yeast toxin PiORF4, which can induce
a similar cleavage in yeast. In this work, a mutated cDNA gene encoding a form of the PIORF4(E9D)
toxin with increased specificity for 18S rRNA was generated. The mutated gene was cloned into the
pET23c vector, followed by expression in Escherichia coli BL21(DE3) cells. The resulting recombinant
PiORF4(E9D)-6His protein was successfully purified by metal ion affinity chromatography and its identi-
fication confirmed by immunoblotting. In addition, preliminary in vitro studies demonstrated the ability
of PIORF4(E9D) to specifically target 18S rRNA under controlled conditions, supporting its potential as
a model system for plant stress research. The results lay the groundwork for studying the mechanisms
of regulation of protein biosynthesis in plants under stress conditions. The practical significance of the
work lies in the possibility of using the data obtained to develop approaches for the selection of plants
resistant to stress.

Keywords: Genetic construct, PiIORF4, in vitro mutagenesis, 18S rRNA, recombinant protein.
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Esherichia coli xacywanaapbiHaarbl PIORF4 reninin, KAHK-bIH KAOHAQY,
MyTaLMsiAay MeH dKcnpeccusiaay, xxoHe PIORF4(E9D)-6His
PeKOMOUHAHTTbI MPOTEUHADBIH, Ta3apTy

CrpeccrTik >karaanaarbl 6CiIMAIK >kacywaaapbiHaa 185 pPHK-HbIH Kiwi prbocomManbik, cyb6eaLlek
KYpambIHAQ axkblpan, 135 HYKAeOTUMATEH TypaTtbiH 5'-ylITbIK (hparMeHTTi >XMHAKTanTbIHbI, OHbl 5,35
pPHK Aen atantbiHbl aHblKTaAFaH. AAanaa, YA KyObIABICTbIH, (PM3MOAOTMSIAbIK, MaHbI3bl SAI BEATICi3.
BbyA 3epTTeyaiH MakcaTtbl ecimaikTepaeri 18S pPHK-HbIH AMCKPETTi hparMeHTaUMACbIHbIH, POAIH ally
60AAbI. OA YLLIH aWbITKbIAQ OCbIHAAM aXKblpaTy NMPOLUECiH TyAbIpybl MyMKiH PIORF4 auwbITKbl TOKCUHI
nanaanaHbiAabl. Ocbl XXymbiC asicbiHAa 18S pPHK-fa epekuie »xorapbl crieumdmKkanblik, Kacveti 6ap
PiORF4(E9D) TOKCUHIH KOATaNTbIH MyTaumsAaHFaH KAHK reHi Kypbiaabl. MyTaumsaaanFaHd red pET23c
BEKTOPbIHA KAOHAAAbIMN, CoAaH KeniH Escherichia coli BL21(DE3) acyluaAapbiHAQ SKCMPECCUSIAAHADI.
AAblHFaH pekoMOnHaHTTbl PIORF4(E9D)-6His npoTenHAbl METaAA-MOHAbBI adpMHAI XpomaTorpadms
ApPKbIAbI TabbICTbl Ta3apPTbIAbIM, MMMYHOBAOTMHI SAiICiMEH OHbIH CarkecTiri pactaaabl. CoHbiMeH
KaTap, aAAblH aAa kyprisiareH in vitro 3eptreyaep PiORF4(E9D)-HiH 18S pPHK-ra epekiue acep
eTeTiH KabireTiH OakblAQHATbIH >KaFAalMAapAa KOPCETIN, OHbl OCIMAIKTEPAIH, CTPECC XXaFAarbIHAAFbI
3epTTeyAepiHAE VYATIAIK >Kyle peTiHAe ManAdAaHy MYMKIHAITIH KOAAQAbl. AAbIHFAH HaTUXeAep
OCIMAIKTEPAETT CTPEeCC XaFAalblHAQ MPOTEMH OMOCUHTE3IH peTTey MEeXaHU3MAEPIH 3epTTeyre Heris
KaAarAbl. XKyMbICTbIH, MPaKTUKAAbIK MaHbI3bl aAbIHFAH AEPEKTEPAI CTPECC >KaFAarAapbiHA TO3IMAI
OCIMAIKTEpPAI iPIKTEYAIH, XaHa TOCIAAEPIiH AAMbITY YLLUIH NarnAdAaHy MYMKIHAITIHAE XaTbIp.

Ty#iH ce3aep: [eHeTuKaabik KOHCTpyKUMS, PIORF4, in vitro myTtarenesi, 18S pPHK, pekoMOMHaHTTbI
NpOTEMH.
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KAoHMpoBaHMe, MyTUpPOBaHME U SKCIIPeCcCcUs
B kKaetkax Esherichia coli kAHK rena PIORF4
M 04MCTKA peKkomMOuHaHTHoro 6eaka PiIORF4(E9D)-6His

bbiA0O 3aMeueHO, UTO B KAETKaxX pacTeHWI, HaXOASLWMXCS B cOCTOsiHMM cTpecca, 18S pPHK pac-
LLEMNASIETCS KaK YaCTb MAaAOi pMOOCOMHOM Cy6UaCTULbl M HaKanAMBaEeT 135-HyKACOTUAHbBIN 5'-Tepmit-
HaAbHbI pparmeHT, Ha3biBaembln 5,3S pPHK. OaHako ursmonormueckoe 3HaveHne 3TOro SBAEHMS
OCTaeTCs HEM3BECTHbIM. LleAblo AQHHOTO MCCAEAOBAHUS BbIAO M3YUUTb POAb AMCKPETHOM (hparmeH-
Taumm 18S pPHK B pacTeHuMsx ¢ nomolblo Apoxk>keBoro TokcnHa PiIORF4, KOTOpbIil MOXET Bbi3bliBaTbh
AHAAOrMYHOE pacllernAeHne B ApoXkax. B aaHHoM paboTte GbIA co3AaH MyTMPOBaHHbIN KAHK-reH,
Koampyowmin popmy TokcmHa PiIORF4(E9D) ¢ nobiweHHon crieumdpruHocTblio aad 18S pPHK. My-
TUPOBaHHbIN reH BbIA KAOHMpOBaH B BekTop PET23c, nocAe Yero oH GblA 3KCMPECCUMPOBAH B KAETKAX
Escherichia coli wrtamma BL21(DE3). [MoAyYeHHbIM pekoMOMHaHTHbIN 6eAok PIORF4(E9D)-6His Gbia
YCMELHO OYMLLEH C MOMOLLbBIO METAAA-MOHHOM aprHHOM XpomMaTorpacdumm, a ero naeHTUUKaLmns
OblAa MOATBEPXKAEHA UMMYHOBAOTMHIOM. Kpome TOro, npeaBapuTeAbHble MCCAEAOBAHMS in Vitro npo-
AeMOoHCTpupoBaan cnocobHocTb PIORF4(E9D) crneumdmyeckn Bosaencreosath Ha 18S pPHK B koH-
TPOAMPYEMbBIX YCAOBUSIX, UTO MOATBEPIKAAET €ro NoTeHUMAA B KaUeCTBE MOAEAbHOM CUCTEMbI AAS U3-
yUeHUs cTpecca pacteHuit. [ToAyYeHHble pe3yAbTaTbl 3aKAAAbIBAOT OCHOBY AAS M3YYEHMST MEXaHM3MOB
peryaaumm 6uocnHTesa 6eAka B paCTEHUIX B YCAOBMSX CcTpecca. [MpakTnueckasl 3Ha4YMMOCTb PaboThbl
3aKAIOYAETCS B BO3MOXXHOCTM MCMOAb30BaHMS MOAYUYEHHbIX AQHHbIX AAS Pa3paboTKM MOAXOAOB K Ce-

AEKLMW pacTEHMIA, YCTOMUMBbLIX K CTPeccy.

KaroueBble caoBa: [eHeTmueckas KOHCTpykums, PIORF4, myTarenes in vitro, 18S pPHK, pekom6u-

HaHTHbIN GEAOK.

Abbreviations and notations

DNA - deoxyribonucleic acid, cDNA — com-
plementary DNA, PAA-gel — polyacrylamide
gel, PCR — polymerase chain reaction, RNA — ri-
bonucleic acid, RT — reverse transcription, Tris
— tris(hydroxymethyl)aminomethane, ATP - ad-
enosine triphosphoric acid, BSA — bovine serum
albumin, EDTA - ethylenediaminetetraacetate,
6His-tag — amino acid sequence of six histidines,
PiORF4 — Pichia inositovora toxin encoded by the
open frame ORF4.

1. Introduction

Plants are living organisms devoid of the ca-
pacity for movement. Like any other living organ-
ism, they are subject to periodic stress due to unfa-
vourable influences such as drought, decreased or
increased ambient temperature, increased salt con-
centrations, and hypoxia (overwatering). These fac-
tors have the capacity to alter gene expression at the
level of transcription and also affect the process of
protein biosynthesis [1]. Protein biosynthesis is one
of the most energy-consuming processes in the cell;
therefore, the ability of living organisms to suppress

this process under stresses to conserve resources
and prevent the accumulation of misfolded proteins
is critical [2]. One way in which this negative regu-
lation of protein biosynthesis in eukaryotic cells is
mediated is by so-called ribosome inactivating pro-
teins, RIPs (from Ribosome Inactivating Proteins).
Notable examples of RIPs include ricin and abrin,
which are regarded as some of the most potent bi-
ologically derived poisons [3]. The mechanism of
action of RIPs is based on the cleavage of the 28S
rRNA molecule along the so-called ricin-sarcin loop
due to apurinisation of one of its residues. This re-
sults in the inability of 60S ribosomal subunits to
bind the elongation factor eEF2, and thus to block-
ing the elongation stage of the polypeptide chain [4,
5]. A number of prokaryotic toxins, such as shiga-
toxin (shigatoxine), act in a similar manner [6].

The cleavage of rRNA is not invariably associ-
ated with ribosome inactivation; during ribosome
biogenesis, several steps of cutting of the initial pre-
rRNA molecule (45S) occur to form 18S, 28S and
5.8S rRNA [7]. Subsequent to the initial assembly
of pre-40S particles and their transportation into
the cytoplasm, the 3’-end of 18S rRNA is cleaved
by the Nobl endonuclease, thereby completing the
maturation of the 40S subunit [8].
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Previous studies have demonstrated that in
plant cells experiencing specific forms of stress,
18S rRNA undergoes cleavage as part of the small
ribosomal subunit, resulting in the accumulation of
the 135-nucleotide 5’-end fragment (5,3S rRNA)
within the cytoplasm [9]. The molecular mechanism
and physiological significance of such discrete frag-
mentation of 18S rRNA remains to be elucidated
[10]. One hypothesis suggests that this cleavage
may lead to the suppression of translation for all
mRNAs or specific mRNAs [11].

In yeast Pichia inositovora cells, the PiIORF4
toxin has been found to cleave a 130-nucleotide
fragment from yeast 18S rRNA, a process analo-
gous to the cleavage of 5.3S rRNA molecules found
in plant cells [12]. Bioinformatic analysis revealed
that the 18S rRNA region where the break occurs is
conserved in yeast and plants [13]. Consequently,
the decision was taken to utilise the recombinant
yeast toxin PiIORF4 to investigate the role of dis-
crete 18S rRNA fragmentation in plants.

The present study presents data on the cloning
of a mutated cDNA gene encoding the yeast toxin
PiORF4(E9D) into the expression vector pET23c,
optimisation of it is expression in Escherichia coli
cells, isolation of the recombinant PiIORF4(E9D)-
6His protein and confirmation of its identity by im-
munoblotting. In the future, the purified recombi-
nant protein is planned to be used for site-directed
cleavage of 18S rRNA as part of ribosomal subunits
in a model cell-free system of protein synthesis in
vitro from wheat embryos in order to study the role
of discrete fragmentation of 18S rRNA in plants.

2. Materials and methods

The study focused on Escherichia coli bacteria
cultivated in liquid LB medium at a temperature of
30°C [14].

Computer analysis was conducted utilising bio-
informatic programmes such as MEGA-X, Blast,
and RNA-structure 6.0.1. The nucleotide sequence
of the P. inositovora plasmid pPinl-3, which con-
tains the ORF4 gene (GenBank: AJ564102), was
retrieved from the NCBI database.

Creation of the pET23c-PiORF4(E9D)-6His ge-
netic construct. The nucleotide sequence of the P.
inositovora ORF4 cDNA gene was optimised for
optimal expression in E. coli cells, and a mutation
was introduced into this open reading frame result-
ing in the replacement of a glutamic acid residue
with an asparagine acid (D) residue at position 9.
The mutated cDNA gene was synthesised de novo
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and subsequently cloned by Ndel/Xhol restriction
sites into the vector plasmid pET23c, utilising T4
DNA ligase (Thermo Fisher Sci.) in accordance
with the manufacturer’s protocol.

Polymerase chain reaction (PCR) was per-
formed for clone screening. The primers utilised
were ‘PiORF4-Rev-Xho’  (5’-ttactcgagagagttg-
gagttggggacattttttttgg) and  ‘PiORF4-FW-Nde’
(5’-atcggatccatatgaatcaacaacaagcetgetcea).  Reac-
tions were performed using Hot Start Tag-DNA
polymerase (NEB) kits, following the temperature
conditions outlined below: Stage 1 — 10 minutes at
95°C; Stage 2 — 20 seconds at 94°C, 20 seconds at
55°C, 1 minute and 30 seconds at 72°C — 35 cycles;
Stage 3 — 5 minutes at 72°C — 1 cycle [15]. The
amplification products were analysed by electro-
phoresis in a 1.0% agarose gel containing ethidium
bromide, followed by band detection in transmitted
UV light in a Quantum gel-documentation system
(Vilber).

The DNA sequencing of constructs was per-
formed using gene-specific primers and the Big
Dye Terminator v.3.1 kit (Applied Biosystems)
in accordance with the manufacturer’s instruc-
tions. Subsequently, the samples were subjected to
capillary electrophoresis on a 310 genetic analy-
ser (Applied Biosystems) [16]. The obtained data
were then analysed using Sequencing Analysis 5.2
software [17].

Expression and isolation of recombinant pro-
teins. Plasmid pET23c-PiORF4(E9D)-6His was
used to transform cells of the expression strain E.
coli BL-21(DE3) by heat shock (42° C 90 sec). The
subsequent growth of the plasmid-containing E. coli
cells was undertaken in 200 ml of liquid LB me-
dium at 30° C to an optical density of OD*= (.5,
after which they were precipitated at 4000 g for 3
min [18]. The cells were then resuspended in 200
ml of fresh LB medium containing IPTG to a final
concentration of 1 mM and cultured at 30° C for 4
hours. The recombinant PIORF4(E9D)-6His protein
was isolated under native conditions by immobilised
metal ion affinity chromatography (IMAC) using a
PerfectPro Ni-NTA Agarose kit (5-Prime) in accor-
dance with the manufacturer’s procedure.

The one-dimensional electrophoresis of proteins
in polyacrylamide gel according to Lammli [19]
was performed in 12.5% PAA gel in the presence
of 0.1% SDS (C = 0.5%) on a Mighti-small device
(Hoefer). The gels were then stained with 0.125%
Coomassie brilliant blue G-250 solution (Serva).

Immunoblotting. Protein transfer from gel to
nitrocellulose membrane was performed using a
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semi-dry blotting apparatus (C.B.S. Scientific). This
process was carried out in transfer buffer containing
102 mM glycine, 25 mM Tris and 20% ethanol us-
ing a current of 0.8 mA/cm2 for 1 hour. Following
this, the membrane was washed twice for 10 min-
utes each in TBS buffer (20 mM Tris-HCI at pH 7.6;
140 mM NaCl), followed by two further washes of
10 minutes each in TBST buffer (TBS supplement-
ed with 0.05% Tween-20). The membrane was then
incubated in blocking buffer (5% Sigma skimmed
milk in TBST) at 4°C overnight. Following three
20-minute washes in TBST, the membrane was sub-
jected to an incubation at room temperature for 1
hour with a secondary antibody, namely anti-mouse
HRP-conjugate (5-Prime), prepared at a 1:2000 di-
lution in blocking buffer. Thereafter, the membrane
underwent two additional 20-minute washes in
TBST, followed by two 10-minute washes in TBS.
Finally, the membrane was treated with a peroxidase
chemiluminescent substrate, utilizing the SuperSig-
nal West Pico Chemiluminescent Substrate kit (Pro-
mega) in accordance with the protocol provided by
the manufacturer.

T7-terminator

T7-PiORF4-6His_Pet23c S

Bpu11021 (4238) I".
6Histag ||
Xhol (4158)__7__ |
PiORF4
Ndel (3427)
Xbal (3387)_
T7-promoter -
4320 bp
Acel (2507)
pBR322

3. Results and discussion

To clone PiORF4 c¢cDNA gene into expres-
sion vector pET23c, bioinformatic analysis was
performed in MEGA-X programme and primers
‘PiORF4-Rev-Xho’ and ‘PiORF4-FW-Nde’ were
designed and tested in RNA-structure 6.0.1 pro-
gramme to check self-complementarity and cross-
complementarity to avoid synthesis of non-specific
PCR products and primer duplexes during PCR.
DNA amplification was performed using Pwo high-
precision polymerase to reduce the chance of in-
corporation of unforeseen mutations into PiIORF4
cDNA [20]. The amplicon was treated with Ndel/
Xhol restriction endonucleases and cloned into the
pET23c vector treated with the same enzymes. The
map of the obtained DNA construct 77-PiORF4-
6His Pet23c is presented in Figure 1.

The DNA clones were subjected to a polymerase
chain reaction (PCR) analysis, utilising the same
primers employed for the amplification of PiIORF4
cDNA. The results of the analysis are presented in
Figure 2.

1 origin

__Pvul(1018)
" bla coding sequence
~pstI (1145)

Figure 1 — T7-PiORF4-6His_Pet23c plasmid map
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Figure 2 — PCR screening with primers of DNA clones “PiORF4-FW-Nde” / “PiORF4-Rev-Xho”

Electrophoresis was conducted in a 1.0% aga-
rose gel containing ethidium bromide, followed by
the detection of bands in transmitted UV light in a
Quantum gel-documentation system (Vilber). M —
marker 100bp DNA Ladder, (obtained from Thermo
Fisher Sci.).

In addition, the PCR-positive clones were sub-
jected to restriction analysis using restriction endo-
nucleases Ndel and X#hol in order to verify them.
The results of this analysis are presented in Fig-
ure 3.

1500 -
1000 -

500 -

100 -

According to Kast et al., replacement of a glu-
tamic acid residue with an asparagine acid residue
at position 9 of the yeast toxin PiIORF4 resulted in
a significant increase in the specificity of cutting
the 18S rRNA molecule within the small ribosomal
subunit [9]. Therefore, it was decided to mutate the
cloned PiORF4 c¢cDNA accordingly. The primers
‘PiORF4-D-Rev’  (5’-aatacatcaaAtcgtgtatggggag-
cagettgttgttg) and “PiORF4-D-FW” (5’-tccatac-
gaTttgatgatgtatttgttgttgttg) were synthesised for in
vitro mutagenesis (Figure 4).

- Plasmids

- 738 bp

Figure 3 — Restriction analysis of Ndel / Xhol DNA clones
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Primers to order:

1) “PiORF4-Rev-Xha” (5 A
2) | PIORF4-FW-Nde” (SMMWM
3) “PiORF4-D-Rev™ (5

4) “PiORF4-D-FW™ (5°
5) T7-prom-E_(5"

DNA construction of T7-PIORF4-E-6His

T7-Promoter Ndel

lagaccacaac; ccetetagaaataattttgtttaactttaagaaggagatataCATAT
Gaatcaacaaget; gatgaatttgccagataataatttgaaaattattgatga

tgctacttttgetgetatgagaccattgecaccaattgetcaaatttctgatttgeaageatttaaaattatgtggattaatgttaaa
ttt uafnﬂﬂo‘amrm

aataaagctaaaaatggmgaataaatttaaaatttttgctggaaatatggtatgam ggtattt‘tgaaagaattgtctaataﬂg

gatccatctc tgttaattttcaaaattctattaataatttg;

ataatatgattgtttctaataatttgattaataaattggattatattictaaacaattgtctaatactttgaatattaatgaacaaagat
at; tttgtctttgact, tatggtgatatt tacttataaaaataatggtgttactttt

aatgatgatgaacatgaaattaaatttggtictggtgatccatitgetictactattagaactattactggaaaaccaccaccate

tttttatccagataagggtcatgettigatiattagatctictaaaaatgettataataatttgactga t: ttaaa
attce: accaccaccaccaccacTGA

Xhol GHis-tag

Xhol
PCR product “PIORF4-D-Head™:
“T7-ptom-F” Ndel
agaccacaacggtttcects

GaatcaacaagetgetecatacgaT tigatgtatt
“PiORF4-D-Rev”

gtttaactttaagaaggagatataCATAT

PCR product “PIORF4-D-Tail":
“PjORF4-D-FW”

tatgttttgatgaatttgccagataataatitgaaaattattgatgatgetacttttgetgetat
g caaat‘rtctgatt‘tgcaagcatttaaaat‘tatgtggattaatgttaaagatccatctcca.aatl
ctgttaattttcaaaattct: attgatagaagagaaatttttgatattttgagatctaataaagctaaaaat
ggtﬂgaataaamaaam‘ttgctggtaaatatggmt aatggtatttt g *tgrbtamuua 1 ‘garrg'rﬁm
aataatttgattaataaattggattatatttctaaacaattgtctaatactttgaatattaatgaacaaagatataatgatatgaaaa
aaattgttitgtctttgactgaaaaatatggtgatattgttatgactactiataaaaataatggtgttacttttaatgatgatgaacat
gaaattaaatitggtictggtgatccattigetictactattagaactattactggaaaaccaccaccatctitttatccagataa;
ggtcatgetttgattattagatcttctaaaaatgcettat: tigact; tg "h'anﬂ:aﬂ'r‘az“

“PiORF4-Rev-Xho™

“PIORF4-D-Head” + “PIORF4-D-Tail” = “PIORF4-D-Full”:
“T7-ptom-F”
lagaccacaac; ccotctagaaataattttgtttaactttaagaaggagatataCATAT
Gaatcaacaagct; gatgaatttgccagataataatttgaaaattattgatga
tgetacttttgetgetatgagaccattgecaccaattgeteaaatttetgatitgeaageatttaaaattatgtggattaatgttaaa
gatccatctecaaattetgttaattticaaaattctattaataatttg: g gag tttgatattttgagatct
aataaagctaaaaatggtttgaataaartruaatrrttgctggtaaatatggmgaatggtamtgaaagaattgtctamattg
gattgtttctaataatttgattaataaattggattatattictaaacaattgtctaatactttgaatattaatgaacaaagat
ataatgatatgaaaaaaattgttttgtctitgactg gtgatattgttatgactacttat tggtgttactttt
aatgatgatgaacatgaaattaaatttggttctggtgatecatttgetictactattagaactattactggaaaaccaccaccate
tttttatccagataa, catgctitgattattagatctictaaanatgettataataatttgactgatagacaaaatgaaattaaa
attc:

“PiORF4-Rev-Xho”

Figure 4 — Nucleotide sequences of PCR products at different stages of in vitro mutagenesis

The mutagenesis process was executed through
the utilisation of a polymerase chain reaction (PCR)
method, employing overlapping primers and a high-
precision Pwo polymerase [21]. The mutation pro-
duced two fragments, designated PiIORF4-D-Head
(117 bp) and PiORF4-D-Tail (721 bp) (Figure 5),
each containing a targeted nucleotide substitution.

“T7-ptom-F”/
“PiORF4-D-Rev”

PiORF4-D-Tail -
(721bp )

PiORF4-D-Head -
(117bp )

“PIORF4-D-FW™ /
“P1ORF4-Rev-Xho”

These were then combined to form a common prod-
uct, PIORF4-D-Full (818 bp). The final composite
PCR product was then eluted from the gel, treated
with restriction endonucleases Ndel and Xhol, and
cloned into the empty vector pET23c. The selection
of DNA clones was carried out in the same way as
for the cloning of the original PIORF4 cDNA gene.

“T7-ptom-F"/
“PiORF4-Rev-Xho™

bp

- PIORF4-D-Full

B ggg (818bp )

Figure 5 — The results of the mutagenesis of the overlap extension PCR
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In order to verify that the nucleotide substitution
had been correctly inserted at the designated site of
the cloned cDNA and that no unforeseen mutation
had occurred in parallel, Sanger sequencing [22]
was performed using primer T7 (5’-taatacgacgact-
cactataggg). The analysis of the sequencing data
of the obtained DNA construct 77-PiORF4(E9D)-
6His Pet23c confirmed that the adenine nucleotide
was replaced by a thymine nucleotide at position
9 of the PiORF4 gene. The mutated construct 77-
PiORF4(E9D)-6His_Pet23c was then utilised to
develop a recombinant protein, with the objective
of enhancing the specificity of the recombinant Pi-
ORF4 protein.

A bacterial expression system was selected for
the production of yeast toxins. The anticipated mo-
lecular weight of the recombinant protein was ap-
proximately 28 kD, and it was found to be active
without the need for glycosylation. Furthermore, it
was determined that the yeast gene expression sys-
tem was not conducive to PIORF4 gene expression,

Marker
@ Lysis buffer

Elution 2+3

q ‘Wash buffer
Elution 1

Marker

owing to the toxicity of the translation product for
yeast cells.

The T7-PiORF4(EY9D)-6His Pet23c plasmid
was employed as a means of transforming cells of
the expression strain E. coli BL-21(DE3), which
contains the T7 bacteriophage RNA polymerase
gene within its genome, under the control of the
lacUVS5 promoter. The E. coli cells that had been
transformed with this plasmid were then grown, af-
ter which the synthesis of phage T7 polymerase was
activated by adding IPTG to the medium. Following
several hours of expression, the synthesis products
were analysed by immunoblotting using antibodies
to the 6-His amino acid sequence. Following con-
firmation of PiIORF4(E9D)-6His cDNA expression
in bacterial cells, its purification by IMAC affinity
metal ion chromatography using Ni-NTA agarose
was performed [23, 24]. The protein fractions ob-
tained during the isolation of the recombinant pro-
tein were analysed by immunoblotting [25]. The re-
sults of this analysis are presented in Figure 6.
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Figure 6 — Isolation of PIORF4-6His from E. coli
A — Electrophoresis in 12.5% polyacrylamide gel. B — Immunoblotting (Penta-His-Ab).
M — Protein marker, PageRuler™ Plus Prestained Protein Ladder (Thermo Fisher Sci.).

As demonstrated in Figure 6, in addition
to the protein of the anticipated size (28 kDa),
an additional product of approximately 50kDa
was released, which, according to the calcu-
lated parameters, corresponds to the dimer of
PiORF4(E9D)-6His protein. The formation of
dimers in E. coli has been observed during mass
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expression [26], thus validating the outcome. The
protein was purified by dialysis and concentrat-
ed in concentrating columns by centrifugation.
The protein concentration was determined to be
571,9 + 13.3 pg/ml (total volume, 450 pl). The
yield of the recombinant protein was 2,574 mg
from 1 litre of nutrient medium.
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Conclusion

A genetic construct, designated pET23c-6His-
PiORF4, was obtained. This construct contains
an open reading frame of the yeast toxin PiORF4,
which is capable of producing targeted, specific
breaks in rRNA molecules. Through in vitro mu-
tagenesis, a nucleotide substitution was introduced
into the cloned ¢cDNA, resulting in an E9D sub-
stitution in the PiORF4 protein, thereby increas-
ing its specificity for 18S rRNA and preventing
the yeast 28S rRNA molecule from being cut. The
recombinant PIORF4(E9D)-6His protein was then
produced in bacterial cells and successfully puri-
fied by means of the Immobilized Metal Affinity

Chromatography (IMAC) method. The purified
PiORF4(E9D)-6His protein will be further used to
evaluate the role of discrete 18S rRNA fragmen-
tation in the regulation of protein biosynthesis in
plants.
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