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Production of recombinant Scots pine defensin 1 and
characterization of its antifungal activity
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We have recently reported affinity purification and molecular cloning of defensin (PsDefl, Pinus sylvestris
defensin 1) from Scots pine germinating seeds. In this study, we describe subcloning of PsDefl mature form
into bacterial expression vector pET 42a(+) and the expression of recombinant GST/PsDefl1 in Escherichia

coli.

The conditions for the expression and affinity purification of soluble GST/PsDefl GST were defined.

Affinity purification of the recombinant GST/PsDefl on glutathione-sepharose column and proteolytic
removal of GST moiety with Factor Xa allowed us to generate functionally active preparations of
recombinant PsDefl. Moreover, the antimicrobial activity of recombinant PsDefl was found to be
comparable to that of endogenous Scots pine defensin.
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Introduction. Defensins are evolutionally conserva-
tive molecules of innate immunity of plants, mollusks,
insects and animals which are characterized by small
size (< 10 kD), and amphipathic, B-layers-rich struc-
ture and stabilized disulfide bridges [1, 2]. These secre-
tory proteins (peptides) are synthesized as precursors
with further removal of signal peptides. The mature
form of defensins from different species has
antimicrobial properties [3].

Defensins are widely spread in plant kingdom and
could be purified from seeds, vegetative and generative
organs of many angiosperm species. The genes of these
defensive proteins are expressed constitutively or un-
der the influence of biotical factors in the peripheral
cell layers, forming the first defensive line against
pathogens [4, 5]. Plant defensins possess broad range
of biological activities, including antifungal [3, 5, 6],
antibacterial [7], inhibiting of proteinases and
a-amylases [8, 9] and blocking of Ca’- and
Na'-channels [10].
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Elucidation of biological properties of plant
defensins by in vitro studies has been well compli-
mented by studies with the use of transgenic plants. Re-
search from several laboratories provided the evidence
that overexpression of defensins results in the increase
of the resistance to pathogenic infections which remains
effective over several generations. For examples, consti-
tutive expression of radish defensin RSAFP2 in tobacco
increases plant’s resistance against fungal infection by
Alternaria longipes and A. solani, which affects the
leaves. Moreover, the expression of Medicago sativa
defensin in the potatoes provided a robust resistance
against pathogenic fungus of Verticillium dahliae [11].

It is necessary to note the most studies on the func-
tion of plant defensins have been performed using the
models of Arabidopsis thaliana and crops [12]. The
molecular mechanisms of antimicrobial resistance in
long-lived plants, including wood species, have not
been elucidated clearly so far [13].

The recent studies from our laboratory have pro-
vided the evidence that defensin from the Scots pine
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seedlings has the potential to bind efficiently and specif-
ically to phosphotyrosine matrixes. The results of mass
spectrometry analysis of purified defensin provided us
the data required for the molecular cloning of Pinus
sylvestris defensin, which we termed PsDefl. A cDNA
clone, corresponding to PsDefl (Acc. No. EF455616),
was isolated from a cDNA library of seven-days old
Scots pine seedlings, which was generated in our labora-
tory. The molecular studies allowed us to deduct the
amino acid sequence of defensin 1 and to carry out a
comparative analysis of its primary structure and proper-
ties with defensins from various plants [16, 17].

In addition, we have developed a new protocol for
the purification of endogenous defensin from Scots pine
seedlings and demonstrated its antifungal properties [ 14,
15]. To further advance our knowledge on biological
properties of defensin 1, we have focused out research
on generating large quantities of recombinant PsDefl
and producing specific polyclonal and monoclonal anti-
bodies. The high level of protein production can be
achieved by employing prokaryotic expression system,
using GST or His-tag fusions and Escherichia coli. Here,
we describe for the first time construction of an express-
ing plasmid coding for GST/ PsDef1 fusion protein, af-
finity purification of recombinant protein and the re-
moval of GST moiety by proteolytic cleavage with Fac-
tor X. The resulting preparation of mature form of
PsDefl was shown to possess antibacterial properties
which are comparable to those of endogenous defensin
purified from Scots pine seedlings.

Materials and methods. The expression vector
pET42a(+) (‘Novagen’, USA) and E. coli strains XL-1
Blue and BL21 (DE3) have been used for cloning and
expression studies. The phytopathogenic fungus cul-
tures of Fusarium oxysporum YKM F-52897, F. solani
YKM F-50639, Botrytis cinerea YKM F-16753,
Altermaria  alternate = YKM  F-16752  and
phytopathogenic bacteria of Erwinia carotovora YKM
B-1075 have been kindly provided by D.K. Zabolotny
Institute of Microbiology and Virology, National
Academy of Sciences of Ukraine. The necrotrophic
fungus culture of Heterobasidion annosum has been
kindly provided by Dr. V. Kramarec (Lviv National
Forestry University of Ukraine). The culture of
oomicete Pythium dimorphum has been obtained from
the Institute of Forestry Research (IBL, Poland).
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Cloning of mature form of Scots pine defensin into
pET42a(+) vector. A fragment of cDNA correspond-
ing to mature form (basic domain) of Scots pine
defensin 1 (mPsDefl) was amplified by polymerase
chain reaction (PCR) using a template cDNA clone for
defensin 1 and two primers: direct primer CR765
(5’-CCATTCCATGGGAATGTGCAAAACCCCCA
G-3’) which contains nucleotide sequences corre-
sponding to restriction endonuclease Ncol, followed
by initiating Met and Gly instead of Arg at the N-termi-
nus of mature form of Scots pine defensin 1; reverse
primer CR764 (5’-CATGAGAATTCTCAAGGGCA
GGGTTTGTA-3’) includes nucleotide sequences for
restriction endonuclease EcoRI, stop-codon and 3’-
coding fragment of defensin 1.

The conditions for PCR amplification have been
described previously [17]. PCR products were ana-
lyzed by 1.5% agarose gel electrophoresis in Tris-bo-
rate buffer, pH 8.3 (50 mM Tris-H,BO,, 2 mM EDTA)
under 20 V/sm’. Amplified products were eluated from
the gel with the use of a gel extraction kit from Qiagen
(USA). Purified DNA and pET42a(+) vector have been
hydrolyzed with restrictases Ncol/EcoRI and then pre-
cipitated using a standard method [18]. The T4
DNA-ligase (‘Fermentas’, Lithuania) was used for
linking amplified cDNA fragment of defensin 1 into
pET42a(+) vector in frame with the N-terminally lo-
cated GST. The products of ligation were transformed
in to XL-1 Blue competent cells. The plasmid purifica-
tion kit was used to purify plasmid DNA from antibi-
otic resistant colonies. The presence of PsDefl cDNA
insert in purified plasmids was detected by restriction
analysis with endonucleases Xhol and EcoRI as well as
by PCR analysis with primers of C765 and CR764. The
sequence of amplified PsDefl in three resulting
plasmids was verified by sequence analysis on
automatic DNA sequencer ABI 73 TM.

The expression of recombinant PsDef1 in bacterial
system E. coli. BL21(DE3) competent cells were trans-
formed with pET42a/mPsDefl construct and obtained
colonies were grown at 37°C in LB-medium containing
50 pg /ml kanamycin. When the optical density of bac-
terial cultures reached A600 = 0.6, 0.4 mM
isopropyl-thiogalactosid (IPTG) was added to induce
the expression of recombinant protein. After the incu-
bation of induced cultures for 2 hours, bacterial cells
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were collected by centrifugation at 4000 g for 20 min-
utes. The pellet of bacteria was washed with ice-cold
PBS, frozen and preserved at -70 C.

The purification of recombinant PsDefl conju-
gated with glutathion-S-transferase by affinity chro-
matography. All purification steps were performed at 4
C. Cell pellet ( 2.5 g) was resuspend and lysed in 15 ml
buffer A, consisting of: 10 mM Tris-HCl, (pH 7.5), 150
mM NaCl, 50 mM NaF, 5 mM EDTA, 1% Triton
X-100, ImM PMSF with proteinase cocktail of inhibi-
tors (‘Roche’, France). Cells were destroyed by me-
chanical grinding in a homogenizer. The lysate of cells
was centrifuged at 17000 g for 20 min. The supernatant
was incubated on the wheel for 2 hours with a 50% sus-
pension of Glutathione-sepharose (‘Amersham’, Great
Britain), pre-washed in buffer A. The beads were
washed on the wheel with 50mM Tris-HCI, (pH 7.5),
150 mM NaCl with 0.05% of Twin-20 three times for 5
minutes and twice with 50 mM Tris-HCI, (pH 8.0).

Bound proteins were eluated from
Glutathione-sepharose  with 50 mM reduced
glutathione in 50 mM Tris-HCI, (pH 8.0), 150 mM
NaCl. The eluted fractions were analysed by Bradford
assay to measure protein concentrations and by
SDS-PAGE for examining the quality of purified
GST-PsDefl. The fractions, which contained
GST-PsDefl were combined and dialyzed against
buffer B, containing 20 mM Tris-HCI (pH 7.5), 150
mM NaCl, 1 mM DTT, in order to remove glutathione.
The concentration of generated preparations of
GST-PsDefl was measured by Bradford assay. Pro-
duced GST-PsDefl was stored at -20 C in presence of
50% glycerol.

Production of mature form of PsDefl. The Factor
X, (‘Sigma’, USA) was used to cleave recombinant
Scots pine defensin (PsDefl) from the fusion
polypeptide GST-PsDefl. In brief, GST-PsDefl was
sorbed on the glutathione-sepharose and equilibrated
with buffer containing 50 mM Tris-HCI (pH 8.0), 100
mM NaCl, 2mM CaCl,. Then, Factor X was added at
the concentration of 2 pg per 100 micrograms of
GST-PsDefl. The reaction was performed under room
temperature for 5 hours on the wheel. Beads were then
collected by centrifugation at 3000 g for 1 minute. The
supernatant liquid was collected and loaded onto
Centricon YM 30 (‘Millipore’, USA) for concentration

at 10000 g. The filtrate was collected and protein con-
centration measured by Bradford assay and analyzed
by SDS-electrophoresis in 15% PAAG in a Tris-tricine
buffer system [19].

Antimicrobial activity of Scots pine recombinant
defensin I assay. To study the activity of generate prepa-
rations of recombinant defensin 1 the pieces of fungus
mycelium were placed into the center of Petri dishes
(90x15 mm) with 1.8% potato-dextrose agar. When the
diameter of fungus colony had reached 3 cm the sterile
discs of filter paper were placed onto the agar 0.5 cm
away from the colony edge. The aliquots (100 ul) of dif-
ferent protein concentrations of PsDefl were applied on
the paper discs. Distilled water has been used as a nega-
tive control and different concentrations of endogenous
defensin purified from Scots pine seedlings were also
tested. The plates were then incubated at 23 °C until my-
celium enveloped the disks with control solution, while
growth-inhibiting zones were formed around the discs
containing recombinant defensin 1.

A quantitative analysis of the antifungal activity of
Scots pine defensin was performed as previously de-
scribed [20]. The spores were extracted from
sporulating fungus cultures, which have been grown on
the 1.8%-potato-dextose agar. The spore suspension
has been filtered with double layer of sterile gauze. 80
microlitres of spore suspension (2x10* spores/ml) in
potato-dextrose broth and 20 microlitres of sterile
defensin solution (with concentrations 0.2, 0.5, 1, 5,10
png/ml) were added into the wells of 96-well microtiter
plate. The plates were incubated in dark at 23 C. The
test sample consisted of 20 millilitres of sterile
distillated water. After 48 hours of incubation, the opti-
cal density of fungal suspension was measured in each
well under 595 nm.

Results and discussion. The presence of an
endoplasmic reticulum signal peptide, which is re-
moved during the protein processing, is a feature of all
plant defensins [3]. The sequence analysis of PsDefl
cDNA clones indicated an open reading frame of 83
amino acid residues. The first 33aa correspond to the
N-terminal signal peptide and remaining 50aa form a
basic domain of mature defensin. To produce large
quantities of recombinant mature form of defensin 1
we decided to employ bacterial expression system of E.
coli, as it allows efficient, fast and relatively inexpen-
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Fig.2. SDS-PAAG results of GST-PsDefl exspession in E. coli
BL21(DE3) strain: 1, 2, 3, 4 — fractions of the total cell lysates; 5, 6,
7, 8 — triton-soluble protein fractions; M — broad-range protein
standards BioRad. Lanes 1, 2, 5, 6 —uninduced bacterial cultures; 3,
4,7, 8 — proteins from the cells induced by the addition of IPTG; 1,
3,5, 7 — the cells transformed by plasmid without insert; 2, 4, 6, 8
—the cells, transformed by recombinant vector. Amount of proteins
on each of the lines is equivalent to the 100 pl cell suspension.

i

sive way of generating recombinant protein. Since the
eukaryotic signal sequence is not recognized in the
prokaryotic system, we have cloned a DNA fragment,
coding the mature form of PsDefl into bacterial
expression vector.

A DNA fragment, corresponding to mature form of
mPsDef1, was amplified by PCR using PsDefl cDNA
as a template and two specific primers. Agarose gel
electrophoretic analysis of PCR products revealed a
major band of approximately 200bp which closely cor-
relates to expected size of 174 bp. (Figure 1, a). The
product of amplification was digested with Ncol and
Xhol and ligated into linearized pET42a(+) vector. The
XL-1 Blue competent cells were transformed with the
ligation mix and plated for antibiotic selection. Plasmid
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Fig.1. Cloning of a ¢cDNA fragment encoding
mature form of the Scots pine defensin 1: (a) 1 —
the products of PCR amplification of ¢cDNA
PsDefl; M — 1 kb Plus DNA Ladder GibcoBRL;
(b) the analysis of pET42a/mPsDefl plasmid by
PCR (lane 1); M — 1 kb DNA Ladder Fermentas;
(c) restriction analysis of pET42a/mPsDefl
plasmid using endonucleases Xho 1 and Nco 1
(lane 1); M — 1 kb DNA Ladder Fermentas.

DNA was purified from colonies grown on agar plates
containing kanamycin. The presence of PsDef1 insert
in purified plasmid DN As was analysed by PCR ampli-
fication (Figure 1b) and restriction analysis with Ncol
and Xhol endonuclease (Figure 1c). The obtained re-
sults clearly indicate that PsDefl cDNA is present in 4
out of 6 plasmid preparations.

To study expression the BL21 (DE3) competent
cells were transformed by the generated
pET42a/mPsDefl plasmid . In parallel, the vector
(pET42a alone) was also introduced into the BL21
(DE3) competent cells. The expression of recombinant
GST-PsDef1 was induced in BL21 (DE3) by the addi-
tion of ImM IPTG. The SDS-PAGE analysis of total
lysates from inducted cells revealed the presence of re-
combinant protein of an expected molecular weight,
35.5 kD (Figure 2). This analysis also showed that
GST-PsDefl1 fusion protein is soluble in buffer con-
taining 1%Triton X-100. We also found that total cell
lysate contained approximately 15% of GST-PsDefl
fusion proteins. Notably, some amounts of
GST-PsDefl  were also  observed among
detergent-insoluble proteins.

Taking into account that recombinant GST-PsDef1
was found in both Triton soluble and insoluble frac-
tions, in the form of inclusion bodies, we focused our
efforts on optimizing the conditions for generating cul-
turing maximum level of triton-soluble GST-PsDefl.
By testing various temperatures for the expression of
GST-PsDef1 we found that the optimal temperature for
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Fig.3. Isolation of the recombinant Scots pine defensin 1 from the E. coli BL21(DE3) cell lysates: (a) purification of recombinant
GST?PsDefl onto affinity sorbent: 1, 2 — triton-soluble proteins from the cells transformed by pET-42a and pET-42a-PsDefl1 plasmids,
respectively; 3 — GST preparation; 4 — GST-PsDefl preparation; (b) 1, 2 — triton-soluble proteins from the uninduced and induced cells
transformed by pET-42a/mDef1 plasmid, respectively; 3, 4 — proteins that bound to glutathione-Sepharose from lysates of the uninduced and
IPTG-induced cells, respectively. Proteins were separated by 12% SDS-PAAG electrophoresis in Laemmle’s system; (c) ? fractions after the
proteolytic digestion of GST- PsDefl with Xa factor: 1, 2 — immobilized proteins on glutathione-Sepharose before and after digestion,
respectively. 15% Tricine-SDS-PAAG was performed for separation of each fraction. Gels were stained by Coomassie G-250.

generating the highest level of recombinant
GST-PsDefl is 37 °C, while lowering the induction
temperature to 28-30°C(often used in order to fold
polypeptide chain of recombinant product correctly)
resulted in noticeable reduction of triton-soluble re-
combinant protein. The same effect was noticed with
the increase of the induction time. In summary, the op-
timal expression of soluble GST-PsDef1 was achieved
by incubating transformed cells with 0.4mM IPTG for
2 hours at 37°C.

The use of pET42a expression plasmid implied the
production of recombinant PsDefl, conjugated with
GST. The expression of PsDefl fused to GST allowed
us to employ affinity chromatography on
glutathione-sepharose. As shown in Figure 3a, affinity
purification from cells expressing plasmid alone or
pET42a/mPsDefl results in highly enriched prepara-
tions of GST and GST-PsDef1 respectively. Both prep-
arations contain some minor bands which exhibit simi-
lar pattern in both samples. In order to eliminate the
possibility of non-specific protein sorbtion onto
glutathione-sepharose, we incubated affinity beads
with Triton-soluble proteins of uninduced cells. The re-
sults presented in Figure 3b (lane 3), show very little of
non-specific binding to Glutatione sepharose from
lysates of uninduced cells. We have also eliminated the
possibility that observed minor bands are binding part-
ners of recombinant GST and GST-PsDefl, as they

were not eluted from the affinity matrixes in the pres-
ence of 0.5 M NaCl, but were readily eluated with 50
mM of reduced glutathione. As seen in the spectrum of
triton-soluble proteins (Figure 3b, lanes 1 and 2) minor
bands appear only after the induction of recombinant
proteins. Therefore, the minor proteins are the products
of either degradation or incomplete translation of
GST-PsDefl. The affinity purified preparations of
recombinant GST-PsDefl contained approximately
75% the fusion protein.

The GST-PsDefl fusion protein has molecular
mass of approximately 35.5 kDa. The fusion consists of
220 amino acids of GST at the N-terminus and 51aa
corresponding to mature form of PsDef1. There is also
a 58aa insert between GST and PsDef1, which contains
Factor X restriction site and some sequences from
pET42a vector. Factor X is a serine proteinase, which
recognizes and hydrolyzes the sequences of Ile Glu Gly
Arg after certain amino acid sequences. The cloning
strategy of pET42a/PsDefl expression vector allows
proteolytic removal of the mature form of PsDef1, con-
sisting of 52 amino-acids, where the first two amino ac-
ids are the initiating methionine and then glycine
instead of arginine.

To remove GST  moiety from  the
GST-PsDeflfusion protein, we tested two cleavage
protocols. Variant A: the cleavage of recombinant
GST-PsDeflwith Factor X was carried out in solution.
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Fig.4. Inhibitory effect of purified recombinant PsDefl on the growth of Heterobasidion annosum (a) and Fusarium solani (b): K - the sterile

distilled water; 1 — 5 pg of preparation; 2 — 10 pg of preparation.

The removal of cleaved GST was performed on
Glutathione-sepharose. The separation of Factor X,
from cleaved PsDeflwas carried out by centrifugation
on Centricon YM 30 columns (‘Millipore”).

Variant B: proteolysis of the GST-PsDefl fusion
protein was performed on Glutathione sepharose. Here,
Factor X, was added to the Glutathione-sepharose sus-
pension with immobilized recombinant GST-PsDefl.
After the cleavage, PsDefl was released into solution,
which was then processed for the removal of Factor X,
proteinase as described above. Having both protocols
compared, we found that the cleavage on beads is
faster, more economical and allows greater output of
PsDef1 protein.

Further studies indicated that optimal cleavage of
GST-PsDef1 requires 20mkg of Factor X, per 1 mg of
fusion protein. The time-course analysis of Factor X,
cleavage showed that full cleavage of GST-PsDef1 re-
quires 5 hours at room temperature (Figure 3, c). As
seen in lane 2, the band corresponding to the
GST-PsDeflfusion disappear after 5 hrs of digestion,
while the major band of approximately 30kDa, which
correspond to GST alone, is clearly detected.

So, the protocol designed for Factor X cleavage of
GST-PsDef1 allows the production of homogeneous
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preparations of recombinant PsDefl. The final output
of PsDeflwas approximately 10% from total
GST/PsDefl  fusion protein, immobilized on
Glutathione-sepharose.

The activity of recombinant proteins depends on
correct folding of their polypeptide chain. Tertiary
structure of plant defensin consists of three antiparallel
B-sheets and an a-helix, stabilized with 4 disulfide
bridges. So, the activity of recombinant defensin could
be lost from inadequate formation of -Cys-Cys pairs.
The study of mechanisms of action of plant defensins,
performed in the Braeckert group [23], revealed signif-
icant role of two regions in Rs-AFP2 which mediated
the interaction with receptors on the fungus membrane.
These regions are formed by amino acid residues, lo-
cated in different parts of the polypeptide chain. For ex-
ample, one region involves Thrl10, Ser12, Leu28 and
Phe 49. The site-directed substitution of these amino
acids with amino residues which disturbe the 3D struc-
ture of defensin, leads to the loss of antifungal activity.

Next, we tested the antifungal activity of recombi-
nant GST-PsDefl and cleaved PsDefl. In this study,
we used the fungi from the genus of Fusarium. No
antifungal activity was observed in the presence of re-
combinant GST/PsDef1 (even, when the concentration
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Fig.5. Comparative analysis of the antifungal activity of the
endogenous PsDefl(1) with that of its recombinant analog (2).

of GST/PsDef1 in the culture medium was 50 mg/ml).
When, the activity of PsDefl was tested in the growth
inhibiting assay, we reproducibly observed strong
antifungal properties of generated preparations of
PsDef1. The antifungal activity was measured by the
formation of zones, where the growth of mycelium of
H. annosum and F solani was inhibited (picture 4).

These findings provided the visual evidence for the
inhibition of fungal growth by recombinant PsDefl.
The next task was to develop the assay which would al-
low the quantitation of PsDef1 antifungal activity. To
do so, we employed the microspectrophotometric
method in which the optical density of fungi spore sus-
pension was measured after 48 hours of incubation in
potato-dextrose broth, containing various concentra-
tions of recombinant defensin. When maximum con-
centration (4 micrograms/milliliter) of PsDefl was
used, the inhibition of fungal growth was: for F' solani
by 81%, for F oxysporum by 50%, for H annosum by
71%, for Pythium dimorphum by 84%. These results
indicate differential activity of recombinant PsDef1 to-
wards different fungi. Differential inhibitory effect of
plant defensins towards different fungi species has
been previously described [24].

The activity of antimicrobial preparations is mea-
sured by the value of IC,,. We have estimated IC,, of re-
combinant PsDefl for F solani, F oxysporum, B.
cinerea, and P. dimorphum. Their rates are 1.4, 4.0,

2.6, 1.2, 2.0 micrograms per milliliter respectively. The
defensin PgD1 from Picea glauca, which exhibits 80%
identity to PsDef1, has been recently expressed in bac-
terial system and its antimicrobial activity has been
studied. The purified recombinant preparations of
PgD1 inhibited the growth of F. oxysporum by 95.2%,
which is similar to that of Scots pine defensin 1 [25].

In previous studies, we researched the antifungal
activity of endogenous defensin purified from Scots
pine seedlings [15, 26]. These results allowed us to
compare the values of IC;, for recombinant and endog-
enous defensin. The results of this comparative analy-
sis are represented in the diagram of Figure 5. We
found that the activity of recombinant PsDefl is 1.5-2
times lower then that of endogenous defensin from
seedlings. This is probably the result of partial proteol-
ysis of PsDefl at Gly-Arg44 site, which might be re-
cognised by Factor X,.

In summary, we described for the first time the ex-
pression and affinity purification of recombinant
defensin 1 from Scots pine possessing a strong
antifungal activity. The availability of recombinant
PsDefl provides us with an excellent opportunity to
study biochemical and functional properties of plant
defensins and to elucidate molecular mechanisms of
their action. In addition, recombinant preparation of
PsDef1 will be used for making specific polyclonal and
monoclonal antibodies and to study the expression pro-
file of defensin 1 in response to various
growth-regulatory agents and pathogenic organisms.

B. A. Kosanvosa, P. T. I'ym, I. T. I'ym

OTpuMaHHA peKoMOiHaHTHOTrO AedeH3UHY | cCOCHHU 3BHUAifHOI Ta

Woro aHTU(yHTaIbHA AKTUBHICTH

Pesome

Hewooasno namu ouuweno enoozennuii degensun iz npopocmris
cocHu 36unainoi, a maxkoc knionosano KAHK, saxa kodye depensun
1 (PsDefl, Pinus sylvestris oegpensun 1). @paemenm k/{HK oepen-
3uHy 1, aKuil KoOye 3piny popmy yboeo OinKa, KIOHOBAHO ) 6EKMOP
pET42a(+) ma indykosano tioco excnpecito y bakmepianbHill cuc-
memi Escherichia coli. Onmumizosano ymoseu npooyKy8auHs pe-
KOMOIHAHMHO20 binka PsDefl, 3UMO20 3
enymamion-S-mpancghepasoro, y poszuunnin gopmi. Ilicas aginno-
20 OUUWeHHs Yb020 OLIKA Ha 21ymamioH-ceghapo3i ma npomeonizy
¢axmopom X, ompumano 6ionoziuno axmusHuil npenapam pe-
kombinanmnoco PsDefl, anmugyneanvna axmugnicme K020
CRiGMIpHA 3 MAKOI0 eHO02eHH020 Oehen3zuny | cocHu 36uuatinol.
Kuiouosi  crosa: pexombinanmuuii  degensun PsDefl,
excnpecis, aginne ouuWenHs, AHMUDYHATbHA AKMUBSHICb.
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B. A. Kosanesa, P. T. I'ym, H. T. I'ym

IMony4enue pekoMOMHAHTHOTO Ae(eH3nHa | COCHBI OOBIKHOBEHHOM
U ero aHTH(yHraabHas akTHBHOCTh

Pesrome

Panee namu ouuwen smooecennvlii deghenzun Uz npopocmKo8 coCHul
00bIKHOBEeHHOIL, a makdce kKioHuposana KIIHK, kooupyrowas deden-
sun 1 (PsDefl, Pinus sylvestris oeghenzun 1). @®paemenm x/[HK Oe-
enzuna 1, kooupyrowuil 3penyio hopmy 3mo2o 6eixa, KIOHUPOBAH 6
eexmop pET42a(+) u undyyuposana e2o sxcnpeccusi 6 bakmepuaib-
Hoti cucmeme Escherichia coli. Onmumuszuposanst yciogusi npooyK-
yuu  peKoMOUHAHMHO20 benxa PsDefl, caumozo c
enymamuon-S-mpawncgepasoi, ¢ pacmeopumoii popme. Ilocne ag-
Gunnotl ouucmru 3mo2o beaKa Ha Lymamuon-ceapose u npomeo-
auza gpakmopom X, nonyuen 6uonocudecku akmMugHuli npenapam
pexombunanmmuozo PsDefl, anmughyneanonas axmugnocms komo-
PO20 CousMepuUMda 3 MaKko8oll IHO02eHHO20 deensuna 1 cocHbl 00-
bIKHOBEHHOU.

Kniouesvie cnosa: pexombunanmuuiii oegpensun PsDefl, sxc-
npeccusl, agppunnas ouucmra, aHMuGyHearbHas aKMUEHOCMb.
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