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Background. Pine bark beetle Ips acuminatus (Gyllenhal, 1827) is one of the most
harmful pests of pine trees as it affects the phloem of the upper part of the stem and
branches, disrupting the flow of nutrients and water to the crown. I. acuminatus feeds
by plant tissues rich in starch, so a-amylases must play a pivotal role in the carbohy-
drate metabolism of these insects. However, in conifer bark beetles, a-amylases remain
poorly understood.

Materials and Methods. To detect the a-amylase activity in the digestive system
of I. acuminatus, we obtained extracts from larvae, pupae, and adults that were col-
lected from naturally infested Scots pine. The a-amylase activity of crude extracts from
different stages and parts of the bark beetle’s body was assessed using 1% starch agar
plates. The quantitative evaluation of the a-amylase inhibitory activity of recombinant
defensins PsDef1, PsDef2, and PsDef5.1 was performed using the Bernfeld method.
The docking models of Scots pine defensins and Ips typographus L. a-amylase (Amyip)
complexes were predicted using the ClusPro 2.0 web server.

Results and Discussion. As a result, we found the presence of a-amylase activity
in the digestive systems of both larvae and adults of I. acuminatus, but not in pupae. All
tested defensins, PsDef1, PsDef2, and PsDef5.1, exhibited inhibitory activity against
insect a-amylase at micromolar concentrations. The IC,values for these peptides were
4.94+0.6 uM, 4.6+£0.8 uM, and 2.8+0.5 uM, respectively. In the PsDefs-Amylt complexes,
a network of hydrogen bonds, ionic bridges, and nonbonded contacts are formed
between the enzyme and its inhibitor, which prevents the substrate from reaching the
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catalytic site. The PsDef5.1-Amylt complex has the largest interfacial contact area,
2328 A2, in comparison with two other defensins, which correlates well with the inhibi-
tory activity of defensins in this study.

Conclusion. Thus, we have identified a-amylase activity in /. acuminatus and dem-
onstrated the ability of Scots pine defensins to inhibit it, suggesting that they play a role
in pine defenses against this pest.

Keywords: Pinus sylvestris L., pine bark beetle, plant defensin, a-amylase,
molecular docking

INTRODUCTION

The pine bark beetle, Ips acuminatus (Gyllenhal) (Coleoptera: Curculionidae,
Scolytinae), also known as the sharp-dentated engraver beetle, has recently been
ranked among the ten most damaging wood boring insects in Europe (Colombari et al.,
2013). The adult beetles of I. acuminatus attack the upper part of the stem and branches
of pine trees. They bore into the bark and chew galleries within the phloem, disrupting
the flow of nutrients and water to the crown. This ultimately leads to the death of the
tree (Meshkova et al., 2022). Like most bark beetles, I. acuminatus primarily feeds on
the phloem of pine trees. This tissue is rich in cellulose, hemicellulose, lignin, starch,
and other carbohydrates that serve as vital nutrients (Noronha et al., 2018). Because of
this diet, a-amylases must play a pivotal role in the carbohydrate metabolism of these
insects.

a-Amylases (EC 3.2.1.1) are enzymes that hydrolyze a-1,4 glycosidic bonds within
a-linked polysaccharides, such as starch and glycogen, yielding maltose, maltotriose,
and residual branched maltodextrins. While these enzymes have been extensively stu-
died in many insects, including their structure, biochemical properties, phylogeny, locali-
zation, expression profiles, and regulatory mechanisms (Da Lage, 2018), a-amylases
in conifer bark beetles remain poorly understood. I. Viktorinova et al. (2011) demon-
strated the presence of two closely related a-amylase genes (Amy) in Ips typographus,
and another bark beetle a-amylase was identified in Dendroctonus rhizophagus (Soto-
Robles et al., 2020).

Plants exhibit some degree of resistance to insect pests, which is reflected in the
ability of a number of insects to feed on a given plant. Evolutionarily, plants have deve-
loped several potent constitutive and inducible defenses against insect pests, including
compounds that inhibit the activity of digestive enzymes, particularly a-amylases. Two
classes of amylase inhibitors (a-Als) have been identified in plants so far: proteina-
ceous and non-proteinaceous inhibitors (Li et al., 2021). Seven types of natural protein-
aceous a-amylase inhibitors have been identified, among which are the y-thionin-like
type inhibitors (or defensins). The a-amylase inhibitory activity has been described for
plant defensins VD1 (Liu et al., 2006), VuD1 (Pelegrini et al., 2008), Sla1, Sla2, and
Sla3 (Bloch & Richardson,1991), 1-H thionin (Mendez et al. 1990), TvD1 (Vijayan et al.,
2012), and ZmDEF1 from maize (Vi et al., 2017). Structural analysis suggests that the
inhibition of the a-amylase activity occurs due to the insertion of mobile sections of the
defensin molecule (loops) into the catalytic active center of the enzyme, thereby block-
ing the formation of the substrate-enzyme interactions (Franco et al., 2002).

Recently, we discovered that Scots pine defensins PsDef1 and PsDef2 can also
inhibit the a-amylase activity of certain insect pests that impact important crops, utilizing
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the same mechanism (Kovaleva et al., 2020; Bukhteeva et al., 2022). We hypothesized
that defensins might also inhibit the bark beetle a-amylase activity and tested this
hypothesis in the current study.

Therefore, the goals of this study were to identify the amylolytic activity in the pine
bark beetle, characterize the inhibitory potential of pine defensins in relation to this acti-
vity, and elucidate the mechanism of inhibition of bark beetle a-amylase by defensins at
the molecular level.

MATERIALS AND METHODS

Biological material. Naturally infested Scots pine (Pinus sylvestris L.) was col-
lected from the 'Rava-Rus’ka Forestry’ locality (N 50.234934°, E 23.660452°), Lviv
Region, Ukraine, and transported to the laboratory to obtain larvae, pupae, and adults of
Ips acuminatus. The head and abdominal segments of the larvae, as well as the head-
pronotum and abdomen of the beetles, were separately placed into Eppendorf vials
containing 20 mM Tris-HCL buffer, pH 7.0, with 1 mM CaCl,, 50 mM NaCl, and 1 mM
phenylmethanesulfonic acid. Samples were completely crushed using a pestle on ice
and then centrifuged at 14,000 g for 15 min at 4 °C. Filter-sterilized supernatants (crude
extracts) were used as a source of their amylase activity. Three biological replicates of
each stage were processed.

Recombinant Scots pine defensins. Recombinant proteins PsDef1, PsDef2,
and PsDef5.1 were obtained as detailed in our previous reports (Kovaleva et al., 2011;
Hrunyk et al., 2019; Shalovylo et al., 2021).

Enzyme Assay. The a-amylase activity of I. acuminatus was assessed using 1 %
starch agar plates. A hole was created on the starch agar plates using a Pasteur pipette,
and then 10 pL of a-amylase crude extract was added. The plates were incubated at
30 °C for 20 minutes and subsequently stained using an iodine reagent solution (0.02 %
I, and 0.2 % Kl in 0.05 N HCI) to visualize the enzyme activity around the holes.

The inhibitory effect of defensins PsDef1, PsDef2, and PsDef5.1 against beetle
bark a-amylases was determined on 1 % starch agar plates. Recombinant peptides and
amylase crude extracts were pre-incubated at 30 °C for 20 min before being added to the
holes. The enzyme activity around the holes was documented as previously described.

To quantitatively assess the a-amylase inhibitory activity of recombinant Scots
pine defensins, the Bernfeld method (Bernfeld, 1955) was employed. Different con-
centrations of Scots pine defensins (1.5; 3.0; 6.0 and 9.0 uM were pre-incubated with
crude extract in 200 L buffer (20 mM Tris-HCI, pH 7.0, 50 mM NaCl, and 1 mM CaCl,)
for 20 min at 30 °C. The enzymatic reaction was initiated by adding 250 pL of 0.5 %
(w/v) starch (Sigma-Aldrich). After a 20-minute incubation at 30 °C, the solution was
mixed with 300 yL of 1 % 3,5-dinitrosalicylic acid in 0.4 M NaOH, followed by heating at
100 °C for 5 min and subsequent cooling on ice. The enzyme activity was measured by
monitoring the increase in absorbance at 530 nm. One a-amylase unit was defined as
the quantity of enzyme that caused a 0.1 OD increase during a 20-minute assay. The
a-amylase inhibitor activity was expressed as a percentage of inhibition, calculated by
comparison with the control experiment. All experiments were performed in triplicate,
with distilled water used as a negative control. The concentrations of the compound
resulting in 50 % inhibition of the enzyme activity (IC,) were determined graphically.
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Molecular docking. The 3D structure of the a-amylase from Ips typographus
(UniProt entry E7TDYB1) was retrieved from the AlphaFold DB (https://alphafold.ebi.
ac.uk/entry/E7DYB1). For docking, we utilized the solution NMR structures of PsDef1
(PDB code: 5NCE), PsDef2 (PDB code: 7LNS), and the structure of PsDef5.1, which
was modeled in a previous study (Shalovylo et al., 2021). The 3D structures of Scots
pine defensins were docked onto the a-amylase structure using the ClusPro 2.0 web
server (Kozakov et al., 2017), which employs rigid body docking, root-mean-square
deviation-based clustering, and energy minimization of the final structures. The inter-
actions between the defensins and the a-amylase were visualized using PyMol soft-
ware, version 2.5.5. Intermolecular contacts were analyzed using the PDBsum server
(Laskowski et al., 2018), with a cutoff distance of 5 A.

Statistical Analysis. Inhibition curves were generated by conducting a regres-
sion analysis on the average absorption values obtained from three replicates using
Microsoft Excel 2016. The IC,, was subsequently calculated from these curves. The
IC,, values are presented as the mean * standard error derived from three indepen-
dent experiments. Results were deemed statistically significant for P values less than
or equal to 0.05.

RESULTS AND DISCUSSION

a-Amylase activity of I. acuminatus crude extracts. The pine bark beetle is one
of the most threatening pests of pine trees causing mechanical damage to the phloem,
which disrupts the flow of nutrients and also serves as a vector for transmitting spores
of ophiostomatoid and other fungi that are responsible for wood discoloration, serious
tree diseases and high rates of tree mortality (Davydenko et al., 2017). Some tree-killing
bark beetles are associated with symbiotic fungi and bacteria that may mobilize nutri-
ents from the sapwood to the bark, where they can be utilized by beetles and develop-
ing larvae (Bleiker & Six, 2007). Therefore, the question of the ability of bark beetles
to hydrolyze complex polysaccharides of the plant cell has remained controversial for
along time. Only a few a-amylases have been characterized in coniferous bark beetles,
such as AmyA and AmyB from I. typographus (Viktorinova et al., 2011), and AmyDr of
D. rhizophagus (Soto-Robles et al., 2020).

To identify the a-amylase activity in the digestive system of the pine bark beetle at
different stages of its ontogenesis, we prepared crude extracts from pupae and the head
and abdominal segments of the larvae, as well as the head-pronotum and abdomen of
the adults of I. acuminatus. As shown in Fig. 1, the a-amylase activity was observed in
larvae and adult pine bark beetles, but not in pupae, indicating that the expression of
the Amy gene could be connected with feeding. A similar expression profile of amylase
genes has been reported for other bark beetles (Soto-Robles et al., 2020). Notably,
a-amylase activity was observed in both parts of the body, for both larvae and adults,
suggesting that starch hydrolysis begins in the oral cavity of I. acuminatus. Moreover,
a-amylase activity in the abdomen segments of both stages of the pine bark beetle
was higher than in its head-pronotum region. It is proposed that these differences in
the activity may be due to several reasons. In particular, the lack of an optimal pH for
the activity of a-amylases, the high sclerotization of the anterior part of the bark beetle
digestive system (Diaz et al., 2003), or the presence of inhibitors which are synthesized
in the response to mechanical injury caused by insects as part of the tree defense sys-
tem (Krokene, 2015).
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Fig. 1. The a-amylase activity of I. acuminatus
crude extracts from pupae (P); head (L1)
and abdominal segments (L2) of the lar-
vae; head-pronotum (B1) and abdomen
(B2) of adult beetles. Ten microliters of
a-amylase crude extract was added to
the hole at 1 % starch agar. After incu-
bation for 20 minutes at 30 °C, the agar
was treated with an iodine solution. The
extraction buffer served as a control (C)

Inhibition of I. acuminatus a-amylase by Scots pine defensins. Plant responses
to wounding are associated with the activation of the octadecanoid pathway leading to
the biosynthesis of jasmonic acid (Koo & Howe, 2009). This hormone is thought to play
a central role in wound signaling, allowing activation of plant defensin genes, inclu-
ding the conifer defensins PgD1 from Picea abies and PsDef1-4 from Pinus sylvestris
(Pervieux et al., 2004; Shalovylo et al., 2015). Defensin genes are expressed in the xylem
and phloem of plants of the genus Pinus under normal conditions, and due to the influ-
ence of biotic stressors and mechanical damage, as evidenced by the presence of tran-
scripts of these genes in EST libraries from the xylem of Pinus taeda (LIBEST_002815;
LIBEST_009983); transition latewood of Pinus radiata (LIBEST_022780); mechanically
wounded xylem of Pinus banksiana (LIBEST_026166; LIBEST_026167) and RNA-seq
libraries from phloem of P. sylvestris trees (Ojeda et al., 2019).

Previously, we reported that recombinant PsDef1 and PsDef2 possessed inhibi-
tory properties against insect a-amylases (Bukhteeva et al., 2022). Since defensins are
expressed in the phloem and xylem, where the pine bark beetle feeds, we hypothe-
sized that they could affect the a-amylase activity of the pest. The results of the starch
plate assay clearly indicate the inhibitory activity of all the tested PsDef1, PsDef2,
and PsDef5.1 against a-amylase from /. acuminatus (Fig. 2A). The inhibitory effect is
expressed by the reduction in starch hydrolysis zones and their darker color compared
to the hydrolysis zone formed by a-amylase without defensin.

The quantitative evaluation of the effect of Scots pine defensins on a-amylase activ-
ity is based on the determination of reducing sugars. All tested peptides showed high
inhibitory activity (Fig. 2B). At a concentration of 9 pM, the highest concentration used
in the experiment, PsDef1 inhibited 73.7£3.0 % of I. acuminatus a-amylase activity,
PsDef2 — 78.6+4.9 %, and PsDef5.1 — 94.4£5.2 %. The IC,, values for these peptides
were 4.9+0.6 uM, 4.6+0.8 uM, and 2.8+0.5 uM, respectively.

These results, in conjunction with the findings from our previous studies (Bukhteeva
et al., 2022), indicate that Scots pine defensins exhibit significantly higher inhibitory
potential against a-amylases of insects that are specialized in coniferous trees com-
pared to those that are not their natural hosts. These findings indicate a co-evolutionary
relationship between the digestive enzymes of pest and proteinaceous inhibitors of the
plant host (Carmona et al., 2015). However, the molecular mechanisms underlying the
adaptation and specialization of insects to specific plants remain poorly understood.
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Consequently, studying the complexes formed by insect amylases with their inhibitors
can provide valuable insights into the mechanisms of molecular adaptation within the
host-pest system.
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Fig. 2. Inhibitory activity of PsDef1, PsDef2 and PsDef5.1 against a-amylase from the I. acuminatus diges-
tive system. (A) A starch agar plate assay of the a-amylase inhibitory of the Scots pine defensins:
1, 2, 5.1 — aqueous solutions of PsDef1, PsDef2 and PsDef5.1; 1+A, 2+A, 5.1+A — a-amylase extracts
preincubated with defensins solution; A — a-amylase extracts preincubated with water; C — control
(extraction buffer). (B) Quantitative determination of the inhibitory activity of Scots pine defensins against
a-amylase. Vertical bars correspond to standard deviation. Each assay was performed in triplicate

Molecular docking of Scots pine defensins to bark beetle a-amylase. To under-
stand the reason for the differences in the inhibitory activity of Scots pine defensins
against bark beetle a-amylase at the molecular level, we conducted an in silico docking
experiment using the ClusPro web server (Kozakov et al., 2017). Due to the unavailabi-
lity of the primary structure of I. acuminatus, we utilized the three-dimensional structure
of a-amylase from the closely related /. typographus for the docking of pine defensins.
Amylt shares approximately 55 % amino acid sequence identity with the a-amylase
from Tenebrio molitor larvae (TMA), which is the most extensively characterized insect
a-amylase (Strobl et al., 1998). The active site of Amylt is formed by 21 amino acid resi-
dues among these three catalytic residues D200, E236, and D301 (TMA: D185, E222,
and D287), a calcium-binding residue H204 (TMA: H189), and the other conserved
residues for substrate recognition and orientation. Residues located in and around the
Amylt active site create a surface with a strong negative potential that attracts positively
charged molecules such as plant defensins (Fig. 3A).

The docking models show that all defensins bind to the a-amylase active site, but
their orientation relative to Amylt is different (Fig. 3A). Approximately 40% of the amino
acid residues of defensins are involved in interactions with residues of the substrate-
binding cavity (Fig. 4, in red) of a-amylase and those located around it (Fig. 4, in pur-
ple). Interacting residues mainly belong to the mobile regions (loops) of the defensin
molecule, specifically, loops L1 and L3. In all three models, loop 3 plays a key role in
blocking the substrate binding site, consistently with previously reported models: VrD1-
TMA (Liu et al., 2006), TvD1-TMA (Pelegrini et al., 2008), PsDef1-TMA (Kovaleva, et al.,
2020), PsDef1-CPBA (Bukhteeva et al., 2022). All amino acid residues of the L3 loops
of pine defensins (with the exception of S40 in PsDef2) bind to residues of the active
site of the enzyme (Fig. 4).
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Fig. 3. Molecular docking of Scots pine defensins to Ips typographus a-amylase (Amylt). (A) PsDefs-Amyip
complexes. The electrostatic potential is shown on the surface of Amylp. The blue color represents
a positive charge, and the red color represents a negative charge. The active site of Amylp is highly
negatively charged (indicated by the arrow). Yellow spots represent the predicted catalytic residues
of Amylt. (B) Interactions of Scots pine defensin residues with the catalytic residues of Amy/t (D200,
E236, and D301). Yellow dotted lines show any contacts within 5 A
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Fig. 4. Scots pine defensin residues involved in any contacts within (red) and around (purple) the active site
of the enzyme. The height of the letters (red) is proportional to the number of any contacts formed by
the residue with enzyme residues within 5 A. Arrows indicate B-strands, rectangles — a-helixes

Among the triad of catalytic residues, only D301 was found within 5 A in all three
complexes. In the PsDef1-Amylt complex, a residue F36 forms nonbonded contacts with
this catalytic residue (Fig. 3B). Stronger interactions in the catalytic pocket are observed
in the other two complexes, where, in addition to nonbonded contacts, salt bridges and
hydrogen bonds are formed. In the PsDef2-Amylt complex, residues F36, K42, and 138
of the inhibitor form a network from ionic and hydrogen bonds, along with nonbonded
contacts with only a catalytic residue D301 of Amyl/t. In the PsDef5.1-Amylt complex,
H38 forms salt bridges and hydrogen bonds with catalytic residue D301, and nonbonded
contacts with another catalytic residue, D200. Additionally, the three residues H36, T37,
and L39 of loop 3 enhance the binding strength of the inhibitor to the enzyme by form-
ing contacts with D200 and D301 residues. None of the complexes of pine defensins
with Amy/t showed any contacts of the catalytic residue E236 with amino acid residues
of defensins within 5 A. Our results showed that all three defensins block the active
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site, but in different ways. PsDef2 and PsDef5.1 inhibit the enzyme by insertion of L3
into the a-amylase active site, thereby establishing a network of hydrogen bonds with
catalytic and substrate-binding residues. This mechanism of action was described for
plant defensins ViD1 (Liu et al., 2006) and TvD1 (Vijayan et al., 2012). PsDef1 does not
interact directly with any catalytic residues of the enzyme, but amino acid residues of its
loops L1 and L3 interact strongly with substrate-binding residues and a calcium-binding
residue (H204) near the catalytic site through the formation of hydrogen bonds, salt
bridges and nonbonded contacts, and thereby prevent substrate access. That mode
of inhibition was previously described for the inhibitor BASI (Vallée et al., 1998). Thus,
the analysis of interactions in the catalytic site of a-amylase indicates a higher blocking
potential of defensin 5.1 compared to the other two pine defensins.

In the docked models, PsDef1, PsDef2 and PsDef5.1 form networks of 10, 12, and
15 hydrogen bonds with Amylt, respectively (Table). In addition, the PsDef5.1- Amy/t

Characteristics of PsDefs-Amyl/t complexes

Complex PsDef1-Amylt PsDef2-Amylt PsDef5.1-Amylt
Protein PsDef1 Amylt  PsDef2 Amylt  PsDef5.1 Amy/t
No. of interface residues 21 25 19 24 18 22
Interface area (A?) 1106 1001 1125 1021 1209 1119
No. of salt bridges 3 2 6
No. of hydrogen bonds 10 12 18
No. of nonbonded contacts 172 173 178

has the largest interfacial contact area, 2328 A2, whereas those for the complexes PsDef1-
Amy/t and PsDef2- Amylt are 2107 A2 and 2146 A2, respectively. These values are close
to the value 2240 A? for the experimentally determined interfacial surface area between
an a-amylase inhibitor (AAl) isolated from Amaranthus hypochondriacus and TMA (Lu et
al., 1999). Several studies have highlighted the importance of positively charged amino
acids present along the sequence for the a-amylase inhibitory activity (Liu et al., 2006;
Pelegrini et al., 2008). The data from this study also support this, as PsDef5.1, which
exhibited a higher inhibitory activity against a-amylase from I. acuminatus than the other
two peptides, is characterized by a higher positive charge, resulting in the formation of
six salt bridges in the PsDef5.1-Amylt complex, compared to three for PsDef1-Amylt and
two for PsDef2-Amylt. In addition, earlier mutagenesis showed a negative effect of acidic
amino acids localized in loop 3 on the inhibitory properties of defensin (Lin et al., 2007).
The presence of a negatively charged D35 residue in the blocking loop of defensins 1
and 2 can also affect the inhibitory potential of these peptides. It is worth noting that the
sequence of PsDef5.1 is only 50 percent identical to that of PsDef1 or PsDef2, which differ
from each other by only six amino acids and showed a similar activity against a-amylase
from I. acuminatus. The most significant differences in Scots pine defensin sequences
are observed in the N-terminal region and loop 3, with these residues being involved in
the formation of complexes with the enzyme (Fig. 4). We believe that these differences
contribute to the superior docking of PsDef5.1 with Amy/t and its interaction with catalytic
residues resulting in its high inhibitory activity against a-amylase from pine bark beetle.

CONCLUSION

In conclusion, this study has demonstrated the presence of amylolytic activity in the
digestive systems of both larvae and adults of I. acuminatus, a harmful and destructive
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pest of Scots pine stands. Additionally, we have shown a high inhibitory potential of Scots
pine defensins against a-amylase from the pine bark beetle. Based on these findings, we
suggest that pine defensins may play an important protective role during the initial stages
of colonization of pine trees by the pine bark beetle. Since pioneer beetles evaluate the
tree’s protective potential and nutritional value during this stage, inhibiting the digestive
enzyme with defensins may affect the ability of these first attackers to produce phero-
mones, and thus prevent a massive bark beetle attack on the tree, ultimately leading to
its demise. Therefore, it may be promising to consider using defensin genes in genetic
breeding programs aimed at enhancing Scots pine resistance to bark beetles.
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BceTtyn. Ips acuminatus € ogHUM i3 HANCEPNO3HILLMX LUKIOHUKIB COCHWU 3BUYalHOI,
OCKibKM BiH 3acense BepxHi YacTuUHWM CTOBOypa Ta FiNku, NOPYLUYOYM HAAXOMKEHHS
NOXMBHUX PEYOBUH | BOOAU A0 KPOHWU. BepXiBKOBUIN KOPOIA XXMBUTLCS POCIIMHHUMU TKa-
HUHaMK, BaraTMMy Ha Kpoxmarsnb, TOMY G-aminasu MaloTb BiirpaBaTh KIHO4OBY pOrib
y ByrneBogHoMy obMiHi umx komax. OgHak a-aminasu y KopoifiB XBOMHUX POCIIUH 3anu-
LIaTbCA HEQOCTAaTHBO BUBYEHVMMU.

Matepianu Ta metoau. [Ina BUSABNEHHS A-aMina3HOi aKTUBHOCTI y TpaBHiA CUC-
Temi I. acuminatus Mn oTpUManu eKCTPakTh 3 JIMYMHOK, NANEYOK | JOPOCNX OCOOUH, SKi
Oynu 3ibpaHi 3 NPUPOOHO 3aceneHoi COCHM 3BUYaNHOI (Pinus sylvestris L.). AKTUBHICTb
O-aminasn eKCTPaKTIB i3 pi3HMX YaCTWH Tina Kopoiga Ha pPi3HUX CTafisiX MOro OHToreHesy
oujiHoBanu 3 BuKopucTtaHHaM 1 % kpoxmanbHoro arapy. KinbkiCHy OUHKY iHriGiTOpHOT
aKTUBHOCTI pekoMbiHaHTHUX aedeHauHiB PsDef1, PsDef2 Ta PsDef5.1 npotu a-aminasmu
nposoaunu 3a metogomM bepHdensaa. Mogeni komnnekcis AeeH3nHIB COCHU 3BUYaNHOI
3 a-aminasow Ips typographus (Amylp) 6ynn nobygoBaHi 3a Jonomorow Beb-cepeepa
ClusPro 2.0.

PesynbraTtu. Y pesynstaTi M1 BUSBUIW a-aMinasHy akTUBHICTb Yy TPaBHIN CUCTEMI
NMYUHOK Ta iMaro BEPXiBKOBOIO KOpoiga, ane He y naneyok. Yci npotectoBaHi gedeH-
3uHn, PsDef1, PsDef2 i PsDef5.1, BusBMnu iHribGiTopHy akTUBHICTb NPOTW O-aminasm
KOMax y MIiKpOMOSAPHUX KOHLUEHTpauisx. 3HadeHHs I1C,, Ana unx nentuais cTaHoBUNu
4,940,6 mkM, 4,6+0,8 mkM i 2,8+0,5 mkM, BignoeigHo. Y komnnekcax PsDefs-Amylt
YTBOPIOETLCSA Mepexa BOOHEBUX 3B’sI3KiB, IOHHUX MICTKIB i rigpodoBHNX B3aeMogin Mix
depMeHTOM i noro iHribiTopoMm, Lo nepeLLkogKae cybcTpaToBi JOCATTU KaTaniTUYHOro
ueHTpy. Komnnekc PsDef5.1-Amylt mae HambinbLy NNOLy NOBEPXHEBOrO KOHTaKTY,
2328 A? nopisHaHO 3 ABOMA iHLIMMM AedeH3nHamK, Lo Ao6pe KOPEenioe 3 iHriGiTOpHO0
aKTUBHICTIO AedEH3MHIB Yy LibOMY AOCHIOKEHHI.

BucHoBkun. OTxe, My BnepLue igeHTUdiKyBany akTUBHICTb 0-aminasn y I. acuminatus
i IpoAeMOHCTpYBany 3aaTHICTb AedeH3MHIB COCHU NPUrHiYyBaTw i, a Le CBig4uTL Npo Te,
Lo aedeH3nHu 6epyTb ydacTb y 3aXUCTi COCHM Bif BEPXiBKOBOrO KOPOiAa.
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