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Plant defensins are highly stable cysteine-rich peptides consisting of 45–54 amino 
acid residues with a characteristic conservative βαββ structure stabilized by 4–5 disulfide 
bridges. These peptides are key molecules of innate immune system in plants. They in-
hibit growth of many phytopathogenic fungi, and some of them exhibit antibacterial acti-
vity. Defensins also possess other biological functions. The multifunctional properties of 
the defensin peptides make them attractive candidates for creation of new remedies with 
antimicrobial properties. Elucidation of nature of the structural and functional relationships 
in the antimicrobial peptides is an essential step in the development of drugs with acti vity 
against pathogens. Previously, we have purified endogenous and recombinant Scots 
pine defensin 1 (PsDef1) demonstrating high activity against fungi and bacteria. Impor-
tantly, PsDef1 is the first defensin from coniferous plants whose NMR structure and pro-
perties have been thoroughly investigated, also by the authors of this work. In this study, 
we presented the expression and affinity purification of recombinant defensin 2 from Pinus 
sylvestris L. (PsDef2), whose sequence has 90 % identity to PsDef1. We used pET32/
BL21-CodonPlus (DE3)-RIL Escherichia coli expression system to produce large quanti-
ties of the recombinant PsDef2 peptide conjugated to thioredoxin (TRX). We found that 
the highest yield of recombinant protein in its soluble form was obtained at 0.5 mM of 
isopropyl-β-D-thiogalactoside (IPTG) concentration for 3 h of induction at 25 °С. After 
isolation of TRX-PsDef2 on HisPurNi-NTA resin, the fusion protein was subjected to pro-
teolytic cleavage by enterokinase. PsDef2 was separated from the proteolytic fragments 
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using the ion exchange on the SP-Sepharose Fast Flow column and a step gradient of 
0.05–1 M NaCl. The purity of obtained recombinant PsDef2 was higher than 95 %, as 
verified by 16.5 % SDS-PAGE. The recombinant peptide PsDef2 showed activity against 
phytopathogenic Fusarium sporotrichiela fungus and Phythophtora gonapodyides 
oomycete at 5 µM concentration. The availability of recombinant PsDef2 gives an option 
not only to examine its antimicrobial properties but to study its structure by spectro-
scopic methods (circular dichroism, NMR) in order to esta blish relationships between 
the structure and function of pine defensins. 

Keywords: defensins, Scots pine, heterologous expression, protein purification, 
antimicrobial activity 

INTRODUCTION 
Plants synthesize various antimicrobial peptides (AMPs), that perform many bio-

logical functions. The AMPs as the main components of the plant’s innate immune sys-
tem are ubiquitous and found as host defense against pathogens and pests in diverse 
organisms ranging from microbes to animals [4, 29]. Defensins form one of several 
families of plant AMPs [19, 27, 28]. 

Plant defensins are positively charged cysteine-rich peptides consisting of 45–
54 amino acids. They contain a conservative CSαβ structural motif, consisting of one 
α-helix positioned on the top of three antiparallel β-sheets stabilized by 4–5 disulfide 
brid ges [11, 32–34]. Despite a conservative tertiary structure of these peptides, there is 
a substantial functional variation between them. Based on in vitro assays of isolated 
peptides, gene expression analysis and studies of transgenic plants, defensins were 
suggested to be involved in defense against the phytopathogenic organisms (fungi, 
bacteria, viruses), abiotic stress tolerance to salinity, drought, cold and metals (Zn, Cd) 
and in other, non-defense functions [1, 16, 20, 21, 23, 26, 30]. In addition, plant defen-
sins can affect the fitness of insect pests by inhibiting their digestive enzymes such as 
proteases and amylases, as well as blocking ion channels [2]. Defensin of Cassia fis-
tula seeds passesses trypsin inhibitory activity [31]. 

The multifunctional properties of defensin peptides make them attractive candi-
dates for the design of transgenic plants resistant to phytopathogenic organisms or for 
the development of new drugs with antimicrobial properties [7, 22, 28]. However, to cre-
ate an integrated platform for producing the antimicrobials or for the design of trans-
genic plants with specified properties, it is necessary to define the relationship between 
the structure and function of these molecules. 

For detailed structural and functional studies of defensins, a significant amount of 
active peptides is needed. Purification of defensins from their original source, where 
their content is very low, is a time-consuming labor-intensive procedure, and the yield of 
target peptides is low. Therefore, large-scale production of purified active defensins is 
typically done in heterologous expression systems, usually using Escherichia coli [8]. 
Previously, we have employed this approach to obtain the recombinant defensin 1 from 
Scots pine for NMR structural analysis. PsDef1 is the first defensin of the coniferous 
plants whose NMR structure and properties have been thoroughly investigated [6, 10, 
12, 13, 15]. It is worth mentioning that defensins in the pine genome are represen  ted by 
a multigene family. Previously, we cloned several defensin genes including PsDef2 (Gen-
Bank Acc. No. EF 455617.1) whose sequence has 90 % identity to PsDef1 (GenBank 
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Acc. No. EF 455616.1) [14]. We hypothesize that the comparative characteristics of bio-
logical activities and features of three-dimensional structures of these two highly homolo-
gous pine defensins can reveal which structural motifs are involved in the performance 
of their functions. Isolation of an active PsDef2 peptide is an essential step in testing this 
hypothesis.

Here, we addressed the production, purification and subsequent determination of 
the in vitro antimicrobial activity of PsDef2.

MATERIALS AND METHODS 
Biological material. Escherichia coli strain BL21-CodonPlus(DE3)-RIL genotype 

B F – ompThsdS (r B – m B-) dcm + Tetr gal λ(DE3) endAHte [argUileYleuW Cam r] 
(Stratagene) was used as a host strain for fusion protein TRX-PsDef2 expression. Luria-
Bertani (LB) medium (w/v), containing 0.5 % yeast extract, 1 % tryptone, and 1 % NaCl, 
was used for routine bacterial growth and as protein expression medium.

The Fusarium sporotrichiella Bilai fungus and Phytophthora gonapodyides 
(H.E. Petersen) Buisman oomycete were maintained on potato dextrose agar (PDA) at 
25 °C. 

Construction of expression vector and protein expression. The construct for 
recombinant PsDef2 expression was designed by GenScript Biotech Corporation (USA). 
The construct containing PsDef2 cDNA encoding the mature form of the protein was in-
serted into pET-32 Ek/LIC vector (Novagen). The vector was used to transform E. coli 
BL21-CodonPlus(DE3)-RIL competent cells, as described in manufacturer’s recom -
mendations.

Isolated colonies were inoculated in LB medium (containing 100 µg/ml ampicillin 
and 50 µg/ml of chloramphenicol) and shaken overnight at 30 °C. Then, the overnight 
cell suspension was added to medium with appropriate antibiotics with a ratio of 2 % (v/v) 
at 37 ºC. To find optimal condition for TRX-PsDef2 protein expression different concentra-
tions of IPTG, as well as time of protein expression were tested. When the culture reached 
an OD600 of 0.8, protein expression was induced by the addition of IPTG at three concen-
trations: 0.1, 0.5 and 1.0 mM. Additionally, we tested the effect of temperature (37 ºC, 
28 ºC and 25 ºC) on protein expression at four time points: 2, 3, 4 and 18 h. To monitor 
protein expression, non-induced cell culture was used. After finding the optimal condi-
tions, TRX-PsDef2 fusion protein expression was induced with 0.5 mM of IPTG at 25 ºC, 
and cells were harvested after 3 h post-induction by centrifugation at 10000 × g for 10 min 
at 4 ºC. Cells were disrupted in the lysis buffer containing 20 mM Tris-HCl, pH 8.0, 300 mM 
NaCl, 25 mM imidazole and 1 mM phenylmethanesulfonyl fluoride (PMSF) by sonication 
(QSonica Misonix XL-2000). Soni cation was performed on ice for 3 × 1 min at 50 % 
amplitude, pulsing at 1 s on /1 s off, and with breaks between cycles to prevent heating 
of the mixture and subsequent centrifugation at 12000 rpm for 20 min at 4 ºC. Total ly-
sates and supernatants were analyzed by 12 % SDS-PAGE performed using Laemmli 
method [18].

Protein purification and analysis. TRX-PsDef2 fusion protein was purified using 
HisPurNi-NTA resin (Thermo Fisher, USA). Briefly, the resulting supernatant was added 
to a 50 % metal affinity sorbent, equilibrated with lysis buffer and incubated for 1 h at 
4 °С. After incubation, the suspension was loaded in the column. Unbound proteins 
were removed by washing sorbent with 20 mM Tris-HCl buffer at pH 8.0 with 400 mM 
NaCl and 40 mM imidazole. Bound proteins were eluted from the column with 300 mM 



32 N. I. Hrunyk, Yu. I. Shalovylo, Yu. M. Yusypovych, I. I. Roman, I. V. Nesmelova, V. A. Kovaleva

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2019 • Том 13/№2 • С. 29–40

imidazole dissolved in 20 mM Tris-HCl, pH 8.0, 300 mM NaCl. Then eluted fractions 
were analyzed by 12 % SDS-PAGE electrophoresis [18]. Fractions containing recombi-
nant TRX-PsDef2 were pooled and dialyzed against buffer containing 20 mM Tris-HCl, 
pH 8.0, 50 mM NaCl. To remove 6His-TRX-tag, TRX-PsDef2 protein was cleaved using 
enterokinase (New England Biolabs, UK) at 18 ºC for 20 h in the recommended buffer 
(20 mM Tris-HCl, pH 8.0, 50 mM NaCl, 2 mM CaCl2).

After cleavage, the digestion mixture was subjected to ion-exchange chromatogra-
phy on a SP-Sepharose Fast Flow column (GE Healthcare) equilibrated with the 20 mM 
Tris-HCl, pH 8.0, 50 mM NaCl buffer. After extensive washing using the same buffer, 
bound proteins were eluted using step gradient from 0.05 to 1 M NaCl in the 20 mM 
Tris-HCl at pH 8.0. The elution of protein was monitored by absorbance at 280 nm and 
confirmed by 16.5 % SDS–PAGE. Fractions containing pure PsDef2, as determined by 
electrophoresis, with molecular mass about 6 kDa were collected, desalted, and con-
centrated by ultrafiltration with an Amicon Ultra 3K device (Millipore). Recovered Ps-
Def2 peptide solution was tested against the phytopathogens.

Antimicrobial activity assay. Pathogenic F. sporotrichiella fungus and P. gonapo-
dyides oomycete were inoculated on a PDA medium plate (90 × 15 mm Petri dish) and 
cultured at 25 ºC. When each colony reached 4 cm in diameter, 10 µL of 5 µM recombi-
nant PsDef2 aqueous solution were added dropwise on the nutrient medium at 5 mm 
from the periphery of the microbial colony. As a blank control, 10 µL of sterile distilled 
water was applied. After the treatment, plates were cultured at 25 ºC, and the growth 
status of each phytopathogen was monitored within 2 days.

RESULTS AND DISCUSSION
To follow the heterologous expression of Scots pine defensin 2 gene, the cDNA 

sequence encoding PsDef2 fragment was inserted in the pET-32 Ek/LIC (Novagen), 
linearized in a frame as a fusion with the thioredoxin. Thioredoxin was selected as  
a fusion partner, because it helps in maintaining the expressed fusion protein in a solu-
ble fraction and prevents its precipitation in inclusion bodies [5, 17]. 

This construct was transformed into BL21-CodonPlus(DE3)-RIL E. coli cells for 
expression. Besides fast growth rate and low cost, this strain also offers IPTG-inducible 
protein expression. It was specially designed to resolve the codon bias problem to im-
prove protein expression by supplying additional copies of specific tRNA genes that are 
rare in E. coli. The SDS-PAGE analysis of total lysates from induced and non-induced 
cells revealed the presence of recombinant protein with expected molecular weight of 
22.8 kDa (Fig. 1, A). The fusion protein consists of 109 amino acids of thioredoxin pro-
tein at the N-terminus and 50 aa corresponding to mature form of PsDef2 at the C-ter-
minus. There is also a 50 aa insert between TRX and PsDef2, that contains cleavable 
S-tag and His-tag sequences for protein detection and purification along with sites for 
thrombin and enterokinase proteases. In addition, this analysis has shown that TRX-
PsDef2 fusion protein is soluble in buffer without any detergents. No peptide bands 
corresponding to the recombinant protein were observed in the non-induced cultures 
(Fig. 1, A). We also found that at chosen experimental setup, some TRX-PsDef2 protein 
was accumulated in inclusion bodies (data not shown). Therefore, we optimized the 
conditions for achieving maximal yield of soluble TRX-PsDef2. Expression of soluble 
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fusion PsDef2 was optimized by varying IPTG concentrations (0.1–1 mM), tempera-
tures (25 °C, 28 °C, 37 °C), and time of induction (Fig. 1, B). We found that optimal ex-
pression of soluble TRX-PsDef2 was achieved by the induction of bacterial culture with 
0.5 mM IPTG for 3 h at 25 °C. 

Fig. 1. Expression of TRX-PsDef2 in BL21-CodonPlus(DE3)-RIL cells. (A) SDS-PAGE analysis of soluble 
protein fractions from E. coli cells transformed with pET-32 Ek/LIC-PsDef2 expression plasmid and 
incubated in the absence (-) or presence of IPTG (+). (B) Optimization of TRX-PsDef2 expression 
condition in transformed cells. 2, 3 and 4 h – time of protein expression induced with 0.1, 0.5 and 
1.0 mM of IPTG. 0.0 mM of IPTG is non-induced control. All bacterial test cultures were maintained at 
25 °C. The arrow indicates the TRX-PsDef2. M: MW protein markers SM 0661 (Fermentas)

Рис. 1. Експресія TRX-PsDef2 у клітинах штаму BL21-CodonPlus(DE3)-RIL. (A) Електрофоретичний 
аналіз фракцій розчинних протеїнів, які виділені з індукованих (+ ІПТГ) і неіндукованих (- ІПТГ) 
клітин E. сoli, трансформованих вектором pET-32 Ek/LIC-PsDef2. (B) Оптимізація умов експресії 
TRX-PsDef2 у трансформованих клітинах. 2, 3 і 4 год – час культивування індукованих клітин за 
концентрації ІПТГ: 0,1; 0,5 і 1,0 мM ІПТГ. 0,0 мM ІПТГ – контроль, неіндуковані клітини. Всі тести 
проводили за температури 25 °C. Стрілка вказує на положення TRX-PsDef2 на гелі. M: маркери 
молекулярної маси протеїнів SM 0661 (Fermentas)

Affinity purification of recombinant TRX-PsDef2 was carried out on HisPurNi-NTA 
column. As shown in Fig. 2, A (lanes 5–10), fractions eluted from the affinity column by 
step gradient of imidazole mainly contain a protein of approximately 23 kDa that closely 
correlates to the predicted molecular mass of the TRX-PsDef2 fusion protein. 

Purified preparations of TRX-PsDef2 were pooled and dialyzed against the buffer 
containing 20 mM Tris-HCl, 50 mM NaCl, pH 8,0 (Fig. 2, B, line 1). To remove the TPX-
tag, fusion protein was subjected to proteolytic cleavage according to the manufacturer’s 
recommendation. Initially, we performed a time-course digestion analysis with enteroki-
nase. We found that the complete cleavage of the fusion protein TRX-PsDef2 is achieved 
after 20 h of incubation with the protease at room temperature (Fig. 2, B, line 2). 

After enzymatic proteolysis, the reaction mixture contained defensin 2 and Ніs-
tagged proteins. Repeated affinity purification on Ni-NTA resin is often used to remove 
proteins with His-tag from digestive mixture. According to our and other researchers’ 
results (data not shown), this procedure is not effective for obtaining a desired product 
of high purity [3]. In our previous studies, Scots pine defensin1 was purified from seed-
lings, as well as from bacterial cells, using ion-exchange chromatography with a high 
yield of purity ≥ 95 % [12, 13]. 
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Fig. 2. Affinity purification and cleavage of TRX-PsDef2 fusion protein. (A) Purification of TRX-PsDef2 on 
HisPurNi-NTA resin. Lane 1: crude protein extract from E. coli cells; lane 2: soluble E. coli proteins; 
lane 3: flow-through the HisPurNi-NTA; lane 4: proteins bound with metal affinity resin; lane 5: pro-
teins eluted with 0.1 M imidazole; lanes 6–8: proteins eluted with 0.3 M imidazole; lanes 9–10: pro-
teins eluted with 0.7 M imidazole. The arrow indicates the TRX-PsDef2 on the gel. Proteins were 
separated on 12 % SDS-PAGE. (B) SDS-PAGE analysis of TRX-PsDef2 fusion protein before (lane 1) 
and after the treatment with enterokinase (lane 2). Proteins were fractioned on the 16.5 % SDS-
polyacrylamide gel; M: MW protein markers SM 0661 (Fermentas) 

Рис. 2. Афінне очищення та протеолітичне розщеплення гібридного протеїну TRX-PsDef2. (A) Очищен-
ня TRX-PsDef2 на HisPurNi-NTA сорбенті. Доріжка 1: тотальні лізати клітин E. coli; доріжка 2: 
розчинні протеїни E. coli; доріжка 3: протеїни, що не зв’язались із метал-хелатним афінним 
сорбентом; доріжка 4: протеїни, іммобілізовані на Ni-NTA-агарозі; доріжка 5: протеїни, що елю-
ювались 0,1 М імідазолу; доріжки 6–8: протеїни, елюйовані 0,3 М імідазолу; доріжки 9–10: про-
теїни, елюйовані 0,7 М імідазолу. Стрілка вказує на положення TRX-PsDef2 на гелі. Протеїни 
фракціонували ДСН-електрофорезом у 12 %-ному поліакриламідному гелі. (B) Електрофоре-
тичний аналіз гібридного протеїну TRX-PsDef2 до (доріжка 1) та після (доріжка 2) протеолізу 
ентерокіназою. Протеїни фракціонували у 16,5 %-ному поліакриламідному гелі; M: маркери мо-
лекулярної маси протеїнів SM 0661 (Fermentas)

In order to isolate PsDef2 from the digested mixture, we used ion-exchange chro-
matography on a SP-Sepharose with a step gradient from 0.05 to 1 M NaCl. The elec-
trophoretic profile of different fractions of the recombinant pine defensin 2 obtained 
during the purification process can be seen in Fig. 3. Thioredoxin detected in the flow-
through (lane 2). In addition, the enzyme/peptide mixture contained about 5% of the 
fusion protein TRX-PsDef2, which was eluted by 0.2–0.3 М NaCl, is shown in lanes 3–4. 
The presence of PsDef2 was tested electrophoretically, and it was determined that it 
was contained in fractions that were eluted from the cation exchanger using a high 
ionic strength buffer from 0.4 to 0.8 M NaCl (lanes 5–9). 

One of the proofs of the correct folding of the recombinant protein expressed in the 
prokaryotic system is the presence of expected biological activity. As shown earlier, 
defensin 1 from Scots pine, that is highly-homologous to PsDef2, exhibits high activity 
against a number of phytopathogenic fungi. We tested the biological activity of Scots 
pine defensin 2 against F. sporotrichiella and Ph. gonapodyides. The assay of antimicro-
bial activity revealed that PsDef2 manifested growth inhibitory activity against tested 
phytopathogens. Recombinant Scots pine defensin 2 at 5 μM the concentration inhibi-
ted hyphal growth and affected the shape of microbial colonies (Fig. 4).

Similar inhibitory activity of recombinant Scots pine defensin 1 against Heterobasi-
dion annosum and Fusarium solani was shown in our previous studies. Therefore, there 



35PROKARYOTIC EXPRESSION AND PURIFICATION OF BIOACTIVE DEFENSIN 2 FROM PINUS SYLVESTRIS L.

ISSN 1996-4536 (print) • ISSN 2311-0783 (on-line) • Біологічні Студії / Studia Biologica • 2019 • Том 13/№2 • С. 29–40

is a need for further studies of antibacterial and other activities of PsDef2. Since it  
belongs to the same group of Scots pine defensins as PsDef1 and is similar to PsDef1, 
it may demonstrate a broader spectrum of biological activity.  

Fig. 3. Purification of PsDef2 on a SP-Sepharose Fast Flow column. Proteins were separated by 16.5 % 
SDS-PAGE electrophoresis. Lane 1: digestive mixture of cleaved proteins and enterokinase; lane 2: 
flow through; lanes 3, 4, 5, 6, 7, 8 and 9: proteins eluted with а step gradient of 0.2, 0.3, 0.4, 0.5, 0.6, 
0.7 and 0.8 M NaCl, respectively. M: MW protein markers SM 0661 (Fermentas)

Рис. 3. Очищення PsDef2 на колонці SP-Sepharose Fast Flow. Протеїни фракціонували у 16,5 %-ному 
поліакриламідному гелі за допомогою ДСН-електрофорезу. Доріжка 1: суміш продуктів протео-
лізу й ентерокінази; доріжка 2: протеїни, що не зв’язались із катіонітом; доріжки 3, 4, 5, 6, 7, 8 і 9: 
протеїни, які елюювалися ступінчастим градієнтом 0,2; 0,3; 0,4; 0,5; 0,6; 0,7 і 0,8 М NaCl, відпо-
відно. M: маркери молекулярної маси протеїнів SM 0661 (Fermentas)

Fig. 4. Inhibitory effect of the PsDef2 peptide at the concentration of 5 µM on the phytopathogens’ growth 
(A) Fusarium sporotrichiella; (B) Phytophthora gonapodyides after 48 h of cultivation. Control – sterile 
distilled H2O. Arrows indicate the inhibition zone

Рис. 4. Інгібувальний ефект PsDef2 за концентрації 5 µM на ріст фітопатогенів: (A) Fusarium sporotri-
chiella, (B) Phytophthora gonapodyides після 48 год культивування. Контроль – стерильна дис-
тильована вода. Стрілками вказано зони інгібування
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The developed protocol resulted in the production of highly homogeneous recom-
binant defensin 2 that runs on the SDS-PAGE with a predicted molecular mass of 6 kDa 
(Fig. 3). By optimizing the expression conditions, affinity purification of recombinant 
TRX-PsDef2 and removing of TRX moiety from the fusion protein by proteolytic cleava-
ge, as well as ion-exchange chromatography on strong cation exchanger, we managed 
to produce 1mg of PsDef2 per liter of bacterial culture. Importantly, the developed pro-
tocol results in the production of highly stable and biologically active PsDef2. 

The use of a prokaryotic system for the production of bioactive plant defensins is 
challenged by a correct pairing of four disulfide bridges, which is a characteristic feature 
of these peptides. To enhance disulfide bond formation in bacteria cytoplasm, active 
plant defensins were produced as translational fusion proteins with thioredoxin in Ori-
gami E. coli strain [9, 25]. Pervieux et al. (2004) used this system for the production of  
a bioactive defensin from Picea glauca that exhibits 80 % identity to PsDef2 [24]. We 
found that recombinant PsDef2 possesses antimicrobial activity at 5 µM concentration. 
These results suggest that pET32/BL21 CodonPlus(DE3)-RIL expression system is 
also efficient for the production of bioactive plant defensins. The availability of recombi-
nant PsDef2 provides a possibility not only to examine its antimicrobial properties but 
also to study its structure by spectroscopic methods (circular dichroism, NMR) to estab-
lish the relationship between the structure and function of pine defensins. 

In conclusion, this work describes a successful heterologous expression of plant 
defensin with antimicrobial activity against phytopathogens. The antimicrobial activity of 
the recombinant PsDef2 warrants further investigation of its potential in biotechnology 
applications for protecting plants against infectious diseases. 
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Рослинні дефензини – це багаті на цистеїн пептиди із 45–54 амінокислотних 
залишків, які характеризуються консервативною структурою βαββ, стабілізованою 
4–5 дисульфідними зв’язками. Ці пептиди є одними із ключових молекул природ-
ної імунності рослин. Вони пригнічують ріст широкого кола фітопатогенних грибів, 
а деякі з них характеризуються антибактеріальною активністю. На додаток, де-
фензини виконують й інші біологічні функції, не пов’язані зі захистом рослин. Саме 
мультифункціональні властивості дефензинів роблять їх перспективними канди-
датами для створення нових препаратів із антимікробними властивостями. Для 
дизайну таких сполук важливо з’ясувати зв’язки між структурою і біологічною ак-
тивністю молекул. Раніше ми отримали ендогенний та рекомбінантний дефензин 1 
сосни звичайної (PsDef1), який проявив високу активність проти фітопатогенних 
грибів і бактерій. Це є перший дефензин хвойних рослин, структура якого була до-
сліджена методом ЯМР, зокрема, авторами цієї роботи. У цій статті нами представ-
лено гетерологічну експресію й очищення рекомбінантного дефензину 2 Pinus syl-
vest ris L. (PsDef2), амінокислотна послідовність якого ідентична до такої PsDef1 на 
90 %. Використання системи експресії pET32/BL21-CodonPlus (DE3)-RIL дало 
можливість отримати дефензин 2, кон’югований із тіоредоксином (TRX), у розчин-
ній формі. Встановлено, що найвищий вихід розчинного TRX-PsDef2 досягається 
за індукції трансформованих клітин 0,5 мМ ізопропіл-β-D-1-тіогалактопіранозидом 
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(ІПТГ) і культивуванням їх протягом 3 год за температури 25 °С. TRX-PsDef2 очи-
щено на HisPurNi-NTA колонці. Гібридний протеїн розщеплено ентерокіназою. 
PsDef2 виділено зі суміші продуктів протеолізу й ентерокінази за допомогою іоно-
обмінної хроматографії SP-Sepharose Fast Flow та ступінчастого градієнта концен-
трації NaCl (0,05–1 М). Чистота отриманого рекомбінантного PsDef2 була вищою 
за 95 %, що перевірено за допомогою електрофорезу у 16,5 % ДСН-ПААГ. Вста-
новлено, що рекомбінантний пептид PsDef2 має активність щодо фітопатогенного 
гриба Fusarium sporotrichiella й ооміцета Phythophtora gonapodyides за концентра-
ції 5 мкМ. Отримання рекомбінантного PsDef2 відкриває можливість не тільки ви-
вчити його біологічну активність, але й дослідити його структуру спектроскопічними 
методами (круговим дихроїзмом і ЯМР), що дасть змогу встановити зв’язки між 
структурою та функцією дефензинів сосни.

Ключові слова: дефензини, сосна звичайна, гетерологічна експресія, очи-
щення протеїну, антимікробна активність


