EXPERIMENTAL WORKS

https://doi.org/10.15407/microbiolj84.04.003
S.A. LOPEZ-PAZOS™, EM. CHAVARRIO CANAS!, A.C. ROJAS ARIAS?

IFaculty of Sciences, Universidad Antonio Narifio,
Carrera 3 Este 47A-15, Bogota D.C., Colombia

Fundacion Universitaria Agraria de Colombia — UNIAGRARIA,
calle 170 54A-10, Bogota D.C., Colombia

* Author for correspondence; e-mail: alejandrolopezpazos@uan.edu.co

INSECTICIDAL AND POTATO GROWTH-STIMULATING
ACTIVITY OF BACILLUS THURINGIENSIS KURSTAKI HD-1

Bacillus thuringiensis (Bt) produces Cry toxins against pest insects. Cry proteins are conformed by domains related to
pore formation and recognition of protein receptors. Plant-induced systemic resistance (ISR) is triggered due to pest
attack, it could be activated by Bacillus sp. Tecia solanivora (T5) is a potato pest, susceptible to CrylAc and CrylB
proteins. This paper indicates the endorsement of Bt kurstaki HD-1 (BtkHD1I) in relation to Ts control (CrylAc and
CryIB proteins), potato growth promotion, and plant ISR due to pests related to the BtkHDI-potato system. To ensure
that ongoing quality control of BtkHDI1 was maintained, crystal synthesis (microscopy), cryl genes presence, and Cry
protein production were checked. Bioassays Ts larvae and potato plantlets and an in silico analysis of the hybrid CrylAc-
CrylBa protein and potato ISR related to the BtkHD1 influence were performed. Bioassay on Ts larvae shows an LC,,
of 536 ng/cm? of diet. A potato growth promotion assay revealed the effect of BtkHD1 on the length and dry weight of
stems. The prospective analysis took into account relevant factors affecting the biological function of the hybrid protein
focused on domain IL In silico identification of 15 BtkHDI proteins and 68 potato proteins related to plant ISR due to
pests was completed. This project serves to validation of toxicity on Ts larvae and potato growth effect based on BtkHD1,
including a forward analysis of the hybrid CrylAcl-CrylBal, and proteins associated with this strain and potato for
eliciting plant ISR due to pests.

Keywords: Bacillus thuringiensis strain ABTS-351, Cry protein, Tecia solanivora, Solanum tuberosum development
promotion, induced systemic resistance.

Crystal (Cry) proteins of Bacillus thuringien- | this fact has led to the production of biological
sis (Bt) strains exhibit insecticidal activity on | pesticides and genetically modified (GM) crops
moths, beetles, or mosquitos [1]. These proteins | due to their specificity coupled with their safety
are an option in commercial agriculture, and | for the environment and human health, and so
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today they replace the use of chemical insecti-
cides [2]. Cry protoxins are solubilized by alka-
line pH and proteolytically processed in insect
midgut to the activated toxin form which un-
dergoes specific binding to the cell membrane
surface of cadherin (CADR) or other receptors
(aminopeptidase N, alkaline phosphatase), and
posterior insertion into the cell membrane to
form lytic pores. It is accepted that Cry subunits
are assembled into oligomers for insertion into
the cell membrane. A second relevant described
action mechanism is associated with the CADR
receptor binding and activation of a signaling
pathway with the interaction of G protein, ad-
enylyl cyclase, cyclic AMP, and protein kinase A,
resulting in the cytoskeleton disruption, channel
formation, and cytolysis [3]. Activated Cry toxin
comprises three structural domains: domain I
has seven or eight amphipathic a-helices which
disrupt the midgut epithelial cell membrane by
forming ion pores; domains IT and III (antiparal-
lel B-sheets) are involved in specific folding and
interaction with membrane receptors in the in-
sect midgut. There are projects for cry gene-di-
rected evolution to swap domain sequences that
have been characterized to improve potency and/
or to reach new specificities [3, 4]. Cry proteins
are classified by amino acid sequence homology
and structure [5]. This classification corresponds
to specificity in some cases, e.g. Cryl and Cry9
toxins have activity against Lepidoptera order,
Cry2 toxins are active against Lepidoptera and
Diptera orders, Cry3 and Cry7 are Coleopteran-
specific toxins, and Cry4, Cryl10, and Cryl1 are
Dipteran-specific toxins [2].

There are several lepidopteran models with
a relevant Bt susceptibility for bioassays com-
parisons such as Spodoptera frugiperda and
Trichoplusia ni [2]. Tecia solanivora (Ts) Povolny
(Lepidoptera: Gelichiidae) is a potato pest in the
Andes (America) causing about 20% of direct
losses. Ts has susceptibility to Bt kurstaki HD-1
(BtkHD1)-carrying cryl genes, and CrylAc and
Cry1B proteins among other Cryl proteins, and
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GM potato lines expressing a crylAc gene have
been generated [6, 7]. A bacterium develop-
ing in the root ecosystem of plants can increase
adaptation to insect pests by induced systemic
resistance (ISR) using hormones such as ethyl-
ene, jasmonic acid induced by bacterium elici-
tors as volatile organic compounds (VOCs) and
lipopeptides [8]. It has been described that Bt
has activity as a biofertilizer, however, scientists
still know too little about the effects of inocula-
tion of Bt during plant development or on the
health of potato crops [9]. It has already been
seen that Bt can be used to trigger tomato ISR
against Ralstonia solanacearum [10], but there
are no studies about the Bt’s impact on plant re-
sponse to insects. Nevertheless, studies on Ba-
cillus sp. triggering ISR as a response to insects
are advanced [11-13]. This paper presents results
obtained through applying bioassays, both to as-
sess existing Ts larvae mortality and to promote
potato growth with the use of BtkHD1. This was
accompanied by a theoretical analysis that takes
into account the processes of protein evolution
and relevant Cry proteins (CrylAc and CrylB)
with activity to Ts, as well as determination of
BtkHD1 and potato proteins associated with the
bacterium-plant interaction and ISR that collec-
tively improve response to insect aggression.
Materials and Methods. Quality control.
BtkHD1 (formerly ABTS-351) was obtained
from a commercial formulation named Dipel™,
which is commercialized by Valent BioSciences
LLC (a subsidiary of Tokyo-based Sumitomo
Chemical Co., Ltd.) in the United States. Di-
pel™ was registered by Abbott (1970). Schering
marketed it from 1972 in Australia, also Bayer
marketed Dipel™ Forte 2X under Abbott’s per-
mission from 1994 until 1997. Abbott has been
marketing Dipel™ SC and DF since 1997. By
2000, Sumitomo had purchased Abbott agro-
chemicals, including Dipel™. The product was
serially diluted and plated on nutrient agar at 30
+ 2°C an orbital shaker set with 150 rpm for 24
h. Afterwards, the bacterium was picked to ob-
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serve the colony morphology and verify the cul-
ture purity. BtkHD1 was subsequently stored in
glycerol at -80 °C and filter paper after 25 days of
sporulation. BtkHD1 was cultured on nutrient
agar. A wet mount slide was achieved by trans-
ferring one loopful of biomass onto a micro-
scopic slide. The culture was spread in the thin
film and then covered with a cover slip. The slide
was examined for the presence of spores and
parasporal crystals under a phase contrast mi-
croscope. Plasmid DNA from BtkHD1 was ex-
tracted according to He et al. [14]. DNA, MgCL,
Taq DNA polymerase concentration, and hy-
bridization temperature of primers are relevant
components for PCR. Effects and interactions
of these four components were assessed using
three levels (DNA (50, 100, and 200 ng), MgCl,
(1.5, 2.0, and 2.5 mM), Taq DNA polymerase
(1, 2 and 3 U), and hybridization temperature
of primers (50, 55 and 60 °C) with the Taguchi
method [15] using E = 2k + 1 (E is the number
of experiments, k is the number of factors), so,
this applies, in this case, to obtaining a mini-
mum necessary of nine experiments: E = 2 (4)
+ 1 =9. DNA was then subjected to a cryI gene
screen using PCR with a set of primers (for-
ward 5-CTGGATTTACAGGTGGGGATAT-3;
reverse 5-TGAGTCGCTTCGCATATTT-
GACT-3’) [16] in 25 ul reaction that contained
1X Buffer (100 mM Tris-HCI pH 9.0, 500 mM
KCl, 1.0% Triton X-100), 0.2 mM concentrations
of each dANTP, 2 mM MgCl,, 2U Taq DNA poly-
merase, 1 uM forward and reverse primers, and
100 ng of DNA. PCR conditions were: melting
temperature of 94 °C for 1 min, followed by 35
cycles of melting at 94 °C for 1 min, annealing at
53 °C for 30 s, and extension at 72 °C for 1 min,
with additional step of extension of 72 °C for 5
min. Water was used as negative control (data
not shown). Crystal extracts were prepared and
solubilized in 50 mM sodium carbonate buffer
(pH 10.0). The concentration of solubilized pro-
toxin was determined by Bradford assay [17].
Protoxin was analyzed by SDS-PAGE.
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Bioassays. Biological activity of BtkHD1 was
monitored on the first instar larvae of Ts from a
laboratory colony and a rearing diet [6]. An easy
infrastructure is needed for hatching, rearing,
keeping in cages, and finally for the life cycle
development of these insects (egg, larva, pupae,
and adult). Eggs were put into small rearing cag-
es containing potato tubers where larvae are fed
until they are mature enough to lay new eggs.
For toxicity tests, autoclaved potato sheets of
0.2 mm in Petri dishes impregnated with 0.7%
ascorbic acid and 0.5% methylparaben were
surface inoculated with a protein concentration
of 0-400 ng/cm? diluted in 50 uL deionized wa-
ter. The potato sheets were infested with one Ts
first instar larvae. Plates were sealed and incu-
bated into 18 °C, 60 + 5% relative humidity, and
12:12 h light: dark photoperiod room. For insect
bioassay, 20 neonate larvae with four replicates
per treatment were used, and mortality was re-
corded after 5 days.

Potato growth stimulation activity of Bt-
kHDI1. BtkHD1 strain was characterized for
plant growth promotion. Nitrogen fixation was
evaluated by inoculation of bacterial colony into
Nitrogen free bromothymol blue (NFb) agar
(0.5% malic acid; 0.4% KOH; 0.5% K,HPO,;
0.005% FeSO,7H,0; 0.001% MnSO,-H,O;
0.001% MgSO,-7H,0; 0.002% NaCl; 0.001%
CaCl,; 0.0002% Na,Mo00O40; 2 mL Bromothymol
blue (0.5% ethanol); 0.005% yeast extract; 2%
agar, pH 6.6-7.0). Phosphate solubilization ac-
tivities were measured through SRS agar (0.05%
(NH,),SO,, 0.02% KCI, 0.03% MgSO,-7H,0,
0.0004% MnSO,-H,0, 0.0002% FeSO,-7H,0,
0.02% NaCl, 1% glucose, 0.05% yeast extract,
0.01% Bromocresol purple, 0.5% Ca,(PO,),,
1.8% agar, pH 7.0-7.2). Siderophore produc-
tion was verified by Chrome Azurol sulphonate
(CAS) agar by means of pre-CAS solution (0.065
g CASin 50 mL of HPLC water + 10 mL of 0.0027
g FeCl,-6H,0 in 10 mL of 10 mM HCI + 0.073
g Hexa-decyl Trimethyl Ammonium bromide
(HDTMA) in 40 mL of HPLC water) and added
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to 0.9% agar (CAS solution). Then the CAS solu-
tion was added to a inoculated nutritive agar and
incubated at 28 °C (darkness) for 3 h. IAAsyn-
thesis was identified by inoculation of 0.3 mM
L-tryptophan in nutritive agar (30 °C, 48 h), then
Salkowski reagent (35% perchloric acid plus 10
mM FeCl,) was added to crude bacterial extracts
and evaluated after 2 h at 30 °C. BtkHD1 strain
was also used to evaluate the growth promo-
tion effect on potato. Creole potato (S. tuberos-
um Group phureja) was host for the bioassay,
which required up to 35 days to complete. All
soil and materials used in each treatment were
sterile. BtkHD1 treatment contained vegetative
cells (1-10'° UFC/mL) plus two positive (Pseu-
domonas aeruginosa strain PAO1 (Pa PAO1) at
1-10'° UFC/ml and urea fertilizer (0.09 g)) and
one negative controls. A total of 371 individu-
als in intervention and control groups, respec-
tively, were analyzed. Analytical phenotypes in
this process were root and stem length, root and
stem wet weight, root and stem dry weight, foliar
area, and stem and leaf number. Data were ana-
lyzed using ANOVA and Bonferroni tests at 5%
level of probability.

In silico analysis of Cry proteins. Amino-
acid sequences of CrylAcl and CrylBal pro-
teins were obtained from the National Center
for Biotechnology Information (NCBI) database
(http://www.ncbi.nih.gov) (accession numbers:
AAA22331 and CAA29898 respectively). Struc-
tural domain identification was realized with
the Conserved domain database (CDD) from
NCBI (http://www.ncbi.nlm.nih.gov/Structure/
cdd/cdd.shtml). Primary sequence alignment
between CrylAcl and CrylBal domains I was
carrying out with the ClustalOmega program
(18]  (https://www.ebi.ac.uk/Tools/msa/clusta-
lo/). Kyte and Doolittle hydrophobicity, flexibil-
ity, and accessible residues plots were generated
using ProtScale [19] (http://www.expasy.ch/cgi-
bin/protscale.pl) and Horizontal Protein Com-
parison Tool (HePCaT) Portal [20] (http://best.
bio.jhu.edu/HePCaT/). The theoretical isoelec-
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tric point (pI) and molecular weight (Mw) were
calculated with Compute pI/Mw [21] (http://
www.expasy.ch/tools/pi_tool.html). The Antige-
nicity Plot was realized with EMBOSS Antigenic
(EMBOSS package) [22, 23] (http://www.bioin-
formatics.nl/cgi-bin/emboss/antigenic). Experi-
mental structure templates for model construc-
tion were CrylAc (PDB: 4ARX) and Cry8Eal
(PDB: 3EB7) proteins. By means of DeepView-
Swiss-PdbViewer 4.1 [24] (https://spdbv.vital-it.
ch/), a 3D model for a hybrid toxin CrylAcl/
CrylBal/CrylAc was retrieved. It was also re-
fined using 3Drefine [25] (http://sysbio.rnet.
missouri.edu/3Drefine/).

In silico identification of BtkHD1 — potato
proteinsrelated to pest infestation. Identification
of BtkHD1-potato proteins and their relation-
ship with insect aggression was performed on the
basis of particular genomes (JMHWO00000000
and AEWC01000000 respectively). The strategy
required a comparative analysis against existing
case studies concerning to induction of plant
ISR against insects by use of bacteria and pro-
tein identification using tBLASTn with a default
Blosum62 matrix.

Results. BtkHD1 quality control. The start-
ing points for the BtkHD1 quality control were
microscopic, molecular, and biochemical char-
acterizations. BtkHD1 strain was observed using
a phase-contrast microscopy and taking into ac-
count bipyramidal crystals synthesis with their
distinctive refracting surfaces, which confirmed
the production of Cryl proteins (Fig. 1, a). For
molecular characterization, it was necessary to
prorate variables of PCR into individual levels.
Setting the number of experiments to 81 (3*%)
might identify a combination of DNA, MgClL,,
and Taq DNA polymerase and hybridization
temperature of primers as the most important
four-factor combination of inputs of results.
The aim of this part of the project was to iden-
tify an experimental arrangement that would
engage DNA, MgCl, and Taq DNA polymerase
concentrations and hybridization temperature
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Fig. 1. Microscopic, molecular and protein profile of BtkHD1, and rearing of Ts: a — Micros-
copy shows that spores have refringence and crystals are opaque (arrows); b — PCR showing
cryl band (arrow); ¢ — SDS-PAGE shows bands of 130 and 66 kDa related to Cryl and Cry2
proteins; d — Rearing flasks containing Ts adults (arrow); e — Rearing container for paper that
contains eggs (arrow), larvae, pupae and emerging adults from Ts; f — Ts larva on potato diet

of primers, which influence PCR for cryl gene
identification, using the Taguchi method [15]
in order to reach a minimum number of experi-
ments. For the crylAc-crylBa genes, the relative
size of amplicons regarding the conserved region
is 558-564 bp in the case of BtkHD1 in our work
(Fig. 1, b). SDS-PAGE for BtkHD1 shows two
bands with a molecular weight of ~130 kDa and
~70 kDa (Fig. 1, ).

Biological assays with Ts. Depending on the
temperature, the Ts life cycle could take ~75 days.
Ts adults were divided into several glass jars and
fed with 30-50% of honey on a cotton pad. Eggs
were collected daily on absorbent paper and in-
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cubated on healthy potato at room temperature.
Larvae that hatch from eggs often develop in po-
tato tuber (Fig. 1, d-e). Eggs should be collected
at frequent intervals at least twice per day and
placed in sterile Petri dishes until they hatch. Lar-
vae survival rate on potato diet is 95% with a vari-
ation coeflicient of 0.01%, which is suitable for
bioassays (Fig. 1, f) [26]. A preservative solution
was used as a diluent or vehicle for Cry toxin ex-
tracts. Three biological assays with a total of five
concentrations (0-400 ng/cm? of protein) were
evaluated for effects of BtkHD1 Cry protein on Ts
larvae compared to the negative control (water).
The lethal concentration 50 (LC,,) for this bioas-
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Fig. 2. Biological evaluation of BtkHD1 on potato. A. Evaluation of root and stem length. B. Evaluation of foliar area.
C. Evaluation of stem and leaf number. D. Evaluation of root and stem wet weight and root and stem dry weight.
Error bars are depicting the variation. The letters above indicate the significance for a comparison (p<0.05) of the
options: a — negative control vs Pa PAOIL, b — negative control vs BtkHD1, ¢ — control vs fertilizer, d — Pa PAO1
vs BtkHD1, e — Pa PAO1 vs fertilizer, f — BtkHD1 vs fertilizer. Letter is located on highest mean

say was 536 ng/cm? of diet (Probit analysis, 95%
confidence interval: 167, 1725).

Biological assay of BtkHDI1 and potato for
growth promotion. First of all, BtkHD1 was
positive for some biochemical tests associated to
plant growth promotion: nitrogen fixation, sid-
erophore synthesis, and acid production on SRS
medium for phosphate solubilization (results
not shown). In a subsequent phase, this study
found that potato plants actually were stimu-
lated by urea fertilizer for all phenotypes. It was
possible to determine that BtkHD1 has the same
effect as the fertilizer based on urea, specifically
for the length and dry weight of stems (p<0.05)
(Fig. 2). Furthermore, it may be observed that
BtkHD1 does not differ significantly regarding
Pa PAOL1 strain.
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Hybrid CrylAcl-CrylBal protein. CrylAc
and CrylBa toxins were used as a basis for
structure/activity comparison for the purpose
of domain swapping. CDD analysis was an im-
portant tool for identification of boundaries for
domain II from CrylAcl and CrylBal toxins.
CrylAcl domain II is composed of residues
T259-E461. CrylBal binding receptor domain
is formed by residues T278-D489. A hybrid pro-
tein containing the CrylAcl/CrylBal/CrylAcl
primary sequence was constructed by exchange
of domain II. CrylAcl/CrylBal/CrylAcl as a
protoxin begins with M1 and ends with E1187.
Hybrid protoxin is comprised of a N-terminal
fragment susceptible to cleavage (M1-L47), a
functional three-domain conformation (S48-
T571), and a C-terminal region which is lost
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due to proteolytic cleavage to release the active
toxin. The sequence alignment in both CrylAcl
and Cryl1Bal highlights 175 differences between
two intrinsic domains II (conserved substitu-
tions = 37; semi-conserved substitutions = 23)
(Fig. 3, a). CrylAcl domain II has a shorter
number of residues than CrylBal domain II
(nine residues). Therefore, a comparison be-
tween domains II of CrylAcl and CrylBal had
to be established. Domain II of hybrid toxin (cor-
responding to CrylBal) is moderately hydro-
phobic, flexible, and very accessible to solvent
(Fig. 3, b-d). Theoretical pI/Mw for hybrid toxin
and parental CrylAcl toxin was is 6.15/64210
and 6.51/64839 respectively, there is no impor-
tant variation between them. The antigenicity
plot shows possible determinants for receptor
recognition in domain II (CrylBal) (Fig. 3, e).
Based on structural alignment of the amino acid
sequence of CrylAcl/CrylBal/CrylAcl hybrid
toxin with CrylAc and Cry8Eal toxins, a theo-
retical model of the hybrid toxin was obtained,
which corresponds to residues $S48-T618 of the
primary protoxin structure. Hybrid toxin has
three domains. Domain I (residues 48-271) con-
sists of a bundle of eight antiparallel a-helices
in which helix 6 is encircled by the remaining
helices; domain II (corresponding to CrylBal:
residues 272-442) is composed of three antipar-
allel 3-sheets united in a termed «Greek key» to-
pology; domain III (residues 443-618) consists
of three twisted antiparallel B-sheets (Fig. 3F).
Structural comparison of CrylAcl and Cry-
1Bal domains II indicates differences in loops
of domains IT (Fig. 3, g).

BtkHDI-Potato-Ts interaction. These pos-
sible BtkHD1 proteins related to triggering plant
ISR in response to insects were analyzed on the
basis of background studies analyzed in detail
and then related on the basis of gene transcrip-
tion per plant-Bacillus sp.-pest insect relation-
ship, with objective criteria that generate cer-
tainty for the organisms (potato and BtkHD1) in
the interaction model. The main findings, which
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are based on specific studies reported by Deng et
al. [11], Rashid et al. [12], and Valenzuela-Soto
et al. [13], may be summarized in Table 1 and 2.

Discussion. The main mission of the Bt pro-
gram for biological control of pests is identifica-
tion of the toxic activity of different strains and
Cry proteins, and of all the parallel compounds
derived from various biological and molecular
approaches. The paper then proceeds to discuss
BtkHD1 application as a set of diverse interac-
tions that act and impact upon Ts control and
potato response to the attack of insects. Quality
control of BtkHDI, a relevant microorganism
in the insect control, needs to be evaluated with
microscopy to determine whether (1) plasmids
carrying cryl genes are required for Cry+ phe-
notype not to be lost, and (2) BtkHD1 is free
of bacteriological contamination. Cry proteins,
however, conserved five blocks separated by
sequences with high variability. Slightly differ-
ent PCR procedures have been described using
primers corresponding to highly conserved re-
gions in cry genes. Due to the high percentage
of homology of Cryl proteins (45-78%), there
is a highly conserved region used for detection
of cryl genes by means of general primers with
an expected size of their PCR products of 543-
594 bp (depending on a particular gene, e.g.
crylAcis 564 bp, or crylBa is 558 bp) [16]. If re-
quired, there are sufficient primers designed for
PCR amplification of cry genes to also be used
in characterization of Bt strains, covering wide
ranks of Cry proteins and conserved-variable
regions or functional domains [27]. PCR is sus-
ceptible to essential components (DNA, dNTPs,
MgCl,, Buffer, Taq polymerase, and primers)
because it depends on concentration and cycle
conditions, most of which are difficult to as-
sess in individual evaluations, so experiments
that would be needed to implement an optimal
PCR seem to be out of proportion to the pur-
pose. That is why optimization for PCR had to
be developed through any experimental design
so that to consider relevant variables. Taguchi
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<« Fig. 3. In silico analysis of CrylAcl/CrylBal/CrylAcl hybrid toxin: a — CrylBal and CrylAcl domains II align-
ment. Symbols: «*» means that the residues or nucleotides in that column are identical in all sequences in the align-
ment; «» means that conserved substitutions have been observed, according to the colors; «.» means that semi-con-
served substitutions are observed. Colors: Red (AVFPMILW) means small (small + hydrophobic (including aromatic
-Y)); Blue (DE) means acidic; Magenta (RK) means basic; Green (STYHCNGQ) means Hydroxyl + Amine + Ba-
sic — Q; b — Hydrophobic surface comparison of Domain II between CrylAcl and CrylBal proteins. Red is Cry-
1Acl (DILNSITIYTDAHRGYYYWS) and green is CrylBal (AAIRSPHLLDFLEQLTIFSA), hydrophobic residues
are A, L, I, P, F, and M; ¢ — Average flexibility of CrylBal Domain II, peaks correspond to higher flexible regions;
d — Solvent accessible residues in CrylBal, peaks correspond to exposed regions; e — Probable antigenic residues in
Cryl1Bal domain IT; f — Structure of CrylAcl/CrylBal/CrylAcl hybrid toxin showing a Domain I (red), Domain II
(yellow) and Domain III (green); ¢ — Superposition of the domain II Ca traces of CrylAcl (red) and CrylBal (yel-
low), arrows indicate the exposed loops. CrylBal: blue arrow is 354QN355, green arrow corresponds to 2931GG295,
and purple arrow is related to 382LPPETTE388. CrylAcl: yellow arrow corresponds with 369RPFNIGINNQ378

method [15] was used to predict an optimal
combination of factors and their corresponding
levels, which may lead to improvement of PCR
with few experiments. For this, an experiment
was designed, taking into account factors that
have the greatest effect on PCR and are adjusted
in an orthogonal array where relations between
two columns are adapted so that each level is
present in the equal number of occasions. Every
array can be recognized through the formula L,
(B©), where L is represented by A which shows a
necessary number of experiments, term B sim-
ply signals a number of levels or concentrations
included in an appropriate column, C identifies
the most important variables to be included into
the experiment. These arrays consider the effect
of each factor and their interactions. Finally,
protein analysis indicates the presence of bands
that demonstrate expression of cry genes, being
identified with two bands of ~130 kDa and ~70
kDa, which relate to BtkHD1 and their Cryl
(CrylAa, CrylAb, and CrylAc) and Cry2 pro-
teins respectively [28].

Potato diets containing low concentrations
of ascorbic acid and methyl paraben were used
because larvae can miss rearing if food preser-
vative is found in high concentration [29]. An
autoclave cycle should be used to avoid the risk
of enzymatic potato oxidation. Petri dishes were
covered with potato foil which is 0.2 mm thick
to allow larvae to construct caves for feeding and
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easy observation with a stereoscope (Fig. 1, f). A
drying process of seven hours immediately after
placing preservative + Cry toxin solution was
needed to adequate humidity before laying Ts
larvae. The overall diet survival was high (>95%)
and similar for each repetition whether the pre-
servative solution was used or not. Our bioassay
results are consistent with the previous data [6],
and with an LC,, of ~536 ng/cm? of diet, it is
feasible to think that potato field application can
be sustainable.

The effectiveness and impact of Bt as a plant
growth-promoting bacterium have to be com-
prehensively analyzed. Plant growth-promoting
bacteria have unique properties that can help
the plant development including the synthesis
of TAA, 1-aminocyclopropane-1-carboxylate-
deaminase (ACC-deaminase), phosphate solu-
bilizing enzymes, siderophores, proteases, cata-
lase enzyme, and antimicrobial factors among
others. Assessment of plant growth promotion
teatures of different strains of Bt has been poor-
ly studied. Some strains of Bt produce IAA,
ACC-deaminase, phosphate solubilizing en-
zymes, and siderophores as direct mechanisms.
However, there are Bt indirect mechanisms
(antagonist outcome) such as bacteriocin, zwit-
termicin, fengycin, chitinase, and cell wall-de-
grading enzyme production, which provides for
protection of crops. In addition, some Bt strains
are active producers of VOCs. Bt strains have
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displayed effect on wheat, corn, lettuce, pea,
and lentil (co-inoculated with Rhizobium legu-
minosarum), and soybean (co-inoculated with
Bradyrhizobium japonicum) [9, 30]. Our study
indicates that BtkHD1 is able to nitrogen fixa-
tion, siderophore production, and phosphate
solubilization, it also has a beneficial effect on

the number of leaves and dry weight of stems
for potato plantlets. Besides, it must be taken
into account that in the case of potato growth-
promoting bacterium P. aeruginosa [31], Bt-
kHD1 had a similar degree of achievement for
all the potato features of this study with regard
to Pa PAOL.

Table 1. Identification of BtkHD1 proteins connected with the potato — ISR against insects

Genes involved in lipopeptide Proteins associated to BtkHD1 Query E value Identity, Accession
synthesis from Bacillus sp. lipopeptide synthesis (tBLASTn) cover, % | %

>ABS72505.1_SpoVT_Bacillus_ | AbrB/MazE/SpoVT family DNA- 58 4E-17 | 37.14 | WP_000648325.1
velezensis_FZB42 binding domain-containing protein
>ABS75594.1_DegU_Bacillus_ | response regulator transcription 96 2E-55 | 40.99 | WP_000694629.1
velezensis_ FZB42 factor
>ABS75207.1_ComA_Bacil- |response regulator transcription 97 | 4E-35 | 36.02 | WP_000590673.1
lus_velezensis_FZB42 factor
>ABS72800.1_RapC_Bacillus_ | hypothetical protein 97 3E-38 | 28.00 | WP_001102658.1
velezensis_FZB42
>ABS72486.1_AbrB_Bacillus_ | AbrB/MazE/SpoVT family DNA- 100 2E-54 | 85.11 | WP_000843036.1
velezensis FZB42 binding domain-containing protein
>ABS72774.1_YczE_Bacillus_ | membrane protein 90 5E-25 | 27.50 | WP_000943428.1
velezensis_ FZB42
>ABS75211.1_DegQ_Bacillus_ | phage tail protein 78 0.028 | 30.56 | WP_001173498.1
velezensis_FZB42
>AFZ90901.1_Tturin_A_syntheta- | non-ribosomal peptide synthetase 67 0.0 35.59 | WP_042969737.1
se_A_Bacillus_velezensis_AS43.3
>ABS74972.1_PhoR_Bacillus_ |sensory box histidine kinase PhoR 99 0.0 49.41 | WP_042969826.1
velezensis_FZB42
>ABS74973.1_PhoP_Bacillus_ | transcriptional regulatory protein 98 | 6E-85 | 52.97 AIE36796.1
velezensis_ FZB42 YycF
>ABS74206.1_FenD_Bacillus_ | non-ribosomal peptide synthetase 99 0.0 34.86 | WP_042969737.1
velezensis_FZB42
>CAE11276.1_FenB_Bacillus_ | non-ribosomal peptide synthetase 99 0.0 3493 | WP_001255746.1
velezensis_FZB42
>ABS72764.1_surfactin_non_ | bacitracin synthetase 1 98 0.0 35 AIE33772.1
ribosomal_peptide_synthetase_
SrfAA_Bacillus_velezensis FZB42
>ABS72765.1_surfactin_non_ | tyrocidine synthetase III (plasmid) 99 0.0 34.73 AIE37512.1
ribosomal_peptide_synthetase_
SrfAB_Bacillus_velezensis_ FZB42
>ABS72767.1_surfactin_non_  |amino acid adenylation enzyme/ 97 |5E-157| 31.21 AIE37506.1
ribosomal_peptide_synthetase_ | thioester reductase family protein
SrfAC_Bacillus_velezensis FZB42 | (plasmid)
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Table 2. Identification of potato proteins associated with ISR by BtkHD1 against insects

Proteins involved in interaction

Proteins related to potato ISR

Query

Identity,

sis_auxin_regulated_protein_

homolog_Lycopersicon_escul-
entum_tomatoes_VFNS8_Pep-

tide_Partial_150 aa

sive protein IAA4-like

ISSN 1028-0987. Microbiological Journal. 2022. (4)

Bacillus sp. — plant — insect (tBLASTn) cover, % E value % Accession
arginase_2_Solanum_lycoper- |Solanum tuberosum arginase 1, 100 0.0 95.86 | XM_006347818.2
sicum mitochondrial-like
P04284_Pathogenesis_related_ | Solanum tuberosum mRNA for 100 |4E-107| 91.19 AJ250136.1
leaf_protein_6_Solanum_lyco- | pathogenesis related protein PR-1
persicum (prl-1 gene)

AA34142.1_chlorophyll_a/b_bin- | Solanum tuberosum chlorophyll 100 |6E-176|100.00 | XM_006351951.2
ding protein_precursor_partial | a-b binding protein 5, chloroplastic

Solanum_lycopersicum_M17559.1

AAZ94182.1_proteinase_inhi- | Solanum tuberosum clone StDT82 100 | 7E-79 | 97.44 ]X683427.1
bitor_I_precursor_Solanum_ | proteinase inhibitor I mRNA

tuberosum

CAA41439.1_pathogenesis_re- | Solanum tuberosum pathogenesis- | 100 | 4E-94 | 95.10 | NM_001288679.1
lated_protein_P2_Solanum_ly- | related protein P2-like

copersicum

AAZ08249.1_proteinase_inhi- | Solanum tuberosum proteinase in- 100 | 5E-76 | 100.00 DQO087225.1
bitor_1_PPI3A4_Solanum_tu- |hibitor 1 PPI3A4 (PPI3A4) mRNA

berosum

AAA34147.1_chlorophyll_ab_ | Solanum tuberosum chlorophyll a/b 100 0.0 95.09 U21111.1
binding protein_Cab_1B_Sola- | binding protein (Lhcb1-1) gene, nuc-

num_lycopersicum_M14443.1 |lear gene encoding chloroplast protein

AAF34802.1_putative_flavonol_ | Solanum tuberosum uncharacter- 99 |1E-165| 72.79 | NM_001287849.1
synthase_like protein_Euphor- |ized LOC102577668

bia_esula_ AF228663_1

AAZ83363.1_cytosolic_ascor- | Solanum tuberosum L-ascorbate 100 |3E-166| 91.20 | XM_006366063.2
bate_peroxidase_1_Solanum_ | peroxidase 1, cytosolic (APX)

lycopersicum_dq096286.1

NP_566518.1_Ubiquitin_like_ | Solanum tuberosum autophagy- 99 6E-65 | 76.32 | NM_001288500.1
superfamily_protein_Arabi- related protein 8i-like

dopsis_thaliana

AAK58857.1_FEIL1_Solanum_ | Solanum tuberosum protein ETH- 100 0.0 93.18 | XM_006361067.2
lycopersicum_AF328784 YLENE INSENSITIVE 3-like

AAA34152.1_chlorophyll_ab_bin- | Solanum tuberosum chlorophylla/b | 100 | 4E-80 | 100.00 U21111.1
ding protein Cab_1C_partial So- | binding protein (Lhcb1-1) gene, nuc-

lanum_lycopersicum_M30618.1 | lear gene encoding chloroplast protein

CAA54561.1_cell_wall_protein_ | Solanum tuberosum tyrosine and 44 1E-06 | 58.97 GU233535.1
Solanum_lycopersicum lysine rich cell wall protein (Trlp)

CAA78403.1_pre_pro_cysteine_ | Solanum tuberosum cysteine pro- 94 0.0 95.89 | XM_006341935.2
proteinase_partial Solanum_ly- |teinase 15A-like

copersicum

AAB35432.1_LeAux_Arabidop- | Solanum tuberosum auxin-respon- | 100 | 3E-99 | 95.33 | XM_006350599.2
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Continuation of Table 2.

Proteins involved in interaction

Proteins related to potato ISR

Query

Identity,

anine ammonia-lyase, putative,
expressed

20

ammonia-lyase

Bacillus sp. — plant — insect (tBLASTn) cover, % E value % Accession
ABC69046.1_cinnamic_acid_4_ | Solanum tuberosum cinnamic acid | 100 |[2E-170| 95.04 DQ341174.1
hydroxylase_Solanum_tuberosum | 4-hydroxylase gene
AAS58469.1 ultraviolet_B_re- | Solanum tuberosum clone St- 98 | 2E-28 | 47.93 JX576215.1
pressible_protein_Gossypium_ | TNT48 ultraviolet-B-repressible
hirsutum_AY551823.1 protein
P26600.1_PAL5_SOLLC_Rec- |Solanum tuberosum phenylalanine | 100 0.0 95.44 | NM_001318638.1
Name_Full_Phenylalanine_ ammonia-lyase-like
ammonia_lyase_Short PAL
pir_A24727_phenylalanine_ | Solanum tuberosum phenylalanine | 100 0.0 | 83.37 MH636300.1
ammonia_lyase EC_4.3.1.5_ |ammonia-lyase
kidney_bean_fragment
AAP59427.1_phospholipid_hyd- | Solanum tuberosum probable glu- | 100 |5E-118| 97.60 | XM_006347213.2
roperoxide_glutathione_peroxi- | tathione peroxidase 2
dase_Solanum_lycopersicum_

AY301280.1

ABB29467.1_salt_tolerance_ | Solanum tuberosum B-box zinc 100 | 1E-99 | 65.84 KX576530.1
protein_Glycine_max finger protein 20 (BBX20)

AAA66308.1_thiol_protease_ | Solanum tuberosum low-tempera- 100 0.0 87.57 | NM_001287948.1
partial_Solanum_lycopersicum_ | ture-induced cysteine proteinase-like

M21444.1

LOC_0Os12g14440.1_Jacalin_like_ | Solanum tuberosum agglutinin-like | 61 | 5E-21 | 40.32 | XM_006342156.2
lectin_domain_containing_protein

LOC_Os11g32650.1_chalcone_ | Solanum tuberosum chalcone syn- | 93 0.0 | 84.99 U47740.1
synthase thase 1b

LOC_0s06g01250.1_cyto- Solanum tuberosum cytochrome 92 |8E-143| 43.27 | XM_006366196.2
chrome_P450 P450 93A2

LOC_0Os12g37260.1 lipoxy- Solanum tuberosum linoleate 13S- 87 0.0 | 49.88 | NM_001287914.1
genase 2.1, chloroplast precur- |lipoxygenase 2-1, chloroplastic-like

sor, putative, expressed

LOC_0s12g04500.1 response | Solanum tuberosum two-compo- 75 2E-77 | 74.19 | XM_006351214.2
regulator receiver domain con- | nent response regulator ORR9-like

taining protein, expressed

LOC_0s12g37320.1 lipoxy- Solanum tuberosum linoleate 13S- 97 | 2E-48 | 33.42 | NM_001287914.1
genase 2.2, chloroplast precur- |lipoxygenase 2-1, chloroplastic-like

sor, putative, expressed

LOC_0Os12g37350.1 lipozygen- | Solanum tuberosum linoleate 13S- | 100 |7E-177| 56.26 | NM_001287914.1
ase protein, putative, expressed |lipoxygenase 2-1, chloroplastic-like

LOC_0Os01g63190.1 laccase | Solanum tuberosum laccase-7-like 95 0.0 | 50.89 | XM_006342223.2
precursor protein, putative,

expressed

LOC_0s02g41650.3 phenylal- | Solanum tuberosum phenylalanine | 97 0.0 | 74.12 MH636300.1
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Continuation of Table 2.

Proteins involved in interaction

Proteins related to potato ISR

Query

Identity,

dehyde-3-phosphate dehydro-
genase, putative, expressed

hyde-3-phosphate dehydrogenase
A, chloroplastic
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Bacillus sp. — plant — insect (tBLASTn) cover, % E value % Accession
LOC_0s05g35290.1 phenylal- | Solanum tuberosum phenylalanine | 96 0.0 | 71.80 MH636300.1
anine ammonia-lyase, putative, ammonia-lyase
expressed
LOC_0Os12g01530.1 ferritin-1, | Solanum tuberosum ferritin-2, 79 | 9E-93 | 67.79 | NM_001288475.1
chloroplast precursor, putative, | chloroplastic-like
expressed
LOC_0s05g06920.1 relA-SpoT | Solanum tuberosum probable GTP 94 |8E-126| 44.88 | XM_006349806.2
like protein RSH4, putative, diphosphokinase CRSH, chloro-
expressed plastic
LOC_Os11g01530.1 ferritin-1, | Solanum tuberosum ferritin 78 | 5E-64 | 66.43 | NM_001288074.1
chloroplast precursor, putative,
expressed
LOC_0s10g40720.1 expansin | Solanum tuberosum beta expansin 86 | 2E-79 | 49.79 | NM_001288462.1
precursor, putative, expressed |1 precursor
LOC_0s07g42960.1 phospho- | Solanum tuberosum Phospho- 89 0.0 | 84.02 | NM_001288432.1
2-dehydro-3-deoxyheptonate |2-dehydro-3-deoxyheptonate al-
aldolase, chloroplast precursor, | dolase 1, chloroplastic (SHKA)
putative, expressed
LOC_0s07g24190.1 CESA3 - |Solanum tuberosum cellulose syn- | 100 0.0 | 67.58 | XM_006367741.2
cellulose synthase, expressed | thase A catalytic subunit 2 [UDP-

forming]
LOC_0Os07g48040.1 peroxidase | Solanum tuberosum cationic per- 92 |1E-119| 60.14 | XM_006349506.2
precursor, putative, expressed | oxidase 1-like
LOC_0Os04g43800.1 phenylal- | Solanum tuberosum phenylalanine | 99 0.0 | 72.80 | NM_001318638.1
anine ammonia-lyase, putative, | ammonia-lyase-like
expressed
LOC_0s02g41630.2 phenylal- | Solanum tuberosum phenylalanine | 99 0.0 | 70.34 | XM_006354277.2
anine ammonia-lyase, putative, | ammonia-lyase-like
expressed
LOC_0s03g53800.3 periplas- | Solanum tuberosum beta-glucosi- 98 0.0 | 73.62 | XM_015315133.1
mic beta-glucosidase precur- | dase BoGH3B-like
sor, putative, expressed
LOC_0s07g49310.1 omega-3 |Solanum tuberosum omega-3 fatty | 91 0.0 | 70.03 | NM_001287954.1
fatty acid desaturase, chloroplast | acid desaturase, chloroplastic-like
precursor, putative, expressed
LOC_0s08g30020.2 membrane | Solanum tuberosum uncharacterized | 92 |9E-150| 51.26 | XM_006340206.1
protein, putative, expressed
LOC_0Os01g64960.1 chloro- | Solanum tuberosum photosystem 100 | 5E-86 | 61.43 | XM_006363831.2
phyll A-B binding protein, II 22 kDa protein, chloroplastic
putative, expressed
LOC_0s04g38600.1 glyceral- | Solanum tuberosum glyceralde- 91 0.0 | 77.48 | XM_006359217.2
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Continuation of Table 2.

Proteins involved in interaction

Proteins related to potato ISR

Query

Identity,

coronosyl and UDP-glucosyl
transferase domain containing
protein, expressed

22

like [Solanum tuberosum]

Bacillus sp. — plant — insect (tBLASTn) cover, % E value % Accession
LOC_0Os04g43760.1 phenylal- | phenylalanine ammonia-lyase-like | 98 0.0 | 71.65 | NP_001305567.1
anine ammonia-lyase, putative, | [Solanum tuberosum]
expressed
LOC_Os08g01380.1 2Fe-2S iron- | ferredoxin-1, chloroplastic [Sola- 71 1E-52 | 75.00 | XP_006339919.1
sulfur cluster binding domain | num tuberosum]
containing protein, expressed
LOC_0s02g15750.1 expressed | rhodanese-like domain-containing 92 |5E-125]| 51.33 | XP_006339688.1
protein protein 4, chloroplastic [Solanum

tuberosum]
LOC_0s06g06290.1 GDSL-like | GDSL esterase/lipase At5g45910- 95 | 2E-95 | 43.22 | XP_006367777.2
lipase/acylhydrolase, putative, |like [Solanum tuberosum)]
expressed
LOC_0s09g36680.1 ribonu- extracellular ribonuclease LE [So- 87 1E-42 | 31.70 | XP_006355102.1
clease T2 family domain con- |lanum tuberosum]
taining protein, expressed
LOC_0s08g06100.1 O-methyl- | caffeic acid 3-O-methyltransferase | 100 |3E-170| 59.57 | XP_015164331.1
transferase, putative, expressed | [Solanum tuberosum]
LOC_0s06g36090.1 ABC-2 type | ABC transporter G family member | 99 0.0 | 72.54 | XP_006343042.1
transporter, putative, expressed | 35-like [Solanum tuberosum]
LOC_Os12g17600.1 ribulose | ribulose bisphosphate carboxylase 96 | 9E-86 | 68.16 | XP_006363111.1
bisphosphate carboxylase small | small chain 2C, chloroplastic [Sola-
chain, chloroplast precursor, |num tuberosum]
putative, expressed
LOC_0s09g36450.1 triosephos- | triosephosphate isomerase, chloro- | 89 [4E-168| 82.35 | XP_006367334.1
phate isomerase, chloroplast | plastic-like [Solanum tuberosum]
precursor, putative, expressed
LOC_Os11g06720.1 abscisic | cold inducible product; similar to other | 63 | 7E-16 | 64.37 AADO00254.1
stress-ripening, putative, expressed | osmotic stress induced gene products
LOC_0Os06g09610.1 peroxire- |peroxiredoxin Q, chloroplastic 56 | 3E-95 | 85.91 | XP_006353774.1
doxin, putative, expressed [Solanum tuberosum]
LOC_0s02g18450.1 GTP- GTP-binding protein TypA/BipA 90 0.0 82.70 | XP_006352137.1
binding protein typA/bipA, homolog [Solanum tuberosum]
putative, expressed
LOC_Os11g47970.1 AAA-type | ribulose bisphosphate carboxylase/ | 89 0.0 | 79.52 | XP_006339015.1
ATPase family protein, puta- | oxygenase activase 1, chloroplastic-
tive, expressed like isoform X2 [Solanum tuberosum]
LOC_0s07g34006.1 transporter | glucose-6-phosphate/phosphate 86 0.0 | 73.53 | XP_006343413.1
family protein, putative, expres- | translocator 2, chloroplastic-like
sed [Solanum tuberosum]
LOC_0s06g18010.1 UDP-glu- | UDP-glycosyltransferase 708 A6- 95 |2E-109| 41.00 | XP_015162319.1
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Continuation of Table 2.

Proteins involved in interaction Proteins related to potato ISR Query | ¢ 1 Identity, A .
Bacillus sp. — plant — insect (tBLASTn) cover, % | - VA€ % ceession

LOC_0s07g32570.1 OsAPRLL1 | 5'-adenylylsulfate reductase 1, 90 0.0 | 74.94 | XP_006348128.1
adenosine 5‘-phosphosulfate | chloroplastic [Solanum tuberosum]
reductase-like OsAPRLI, ex-
pressed
LOC_0Os06g18670.1 anthocy- | UDP-glycosyltransferase 708 A6- 95 |6E-101| 37.58 | XP_015162319.1
anidin 3-O-glucosyltransfer- | like [Solanum tuberosum|]
ase, putative, expressed
LOC_0s07g33910.2 trans- glucose-6-phosphate/phosphate 59 | 3E-90 | 78.57 | XP_006366041.1
porter family protein, putative, | translocator 1, chloroplastic [Sola-
expressed num tuberosum]
LOC_0s02g46260.1 OsSCP9 — | serine carboxypeptidase-like 12 95 |8E-150| 47.54 | XP_015168617.1
Putative Serine Carboxypepti- |isoform X2 [Solanum tuberosum]
dase homologue, expressed
LOC_0s08g04500.1 terpene | (-)-germacrene D synthase-like 96 |8E-126| 39.36 | XP_006364906.1
synthase, putative, expressed | [Solanum tuberosum]
LOC_0s05g12640.1 expressed | BURP domain-containing protein 93 | 7E-55 | 44.39 | NP_001275413.1
protein precursor [Solanum tuberosum]
LOC_Os11g47980.1 expressed | ribulose bisphosphate carboxylase/ | 75 | 1E-69 | 40.43 | XP_006339014.1
protein oxygenase activase 1, chloroplastic-

like isoform X1 [Solanum tuberosum]

Toxin-receptor interaction is a prerequisite for
pore formation and thus dictates toxin specificity
[32]. Folding of Cry toxins is relevant to achieve
a specific interaction with insect receptors [33].
Strict specificity of receptor-toxin interaction
has promoted development of hybrid cry genes
by exchange of domains II and III, as very prom-
ising tools to construct insecticidal toxins and
transgenic plants with specificinsect resistance or
increased Ts lethality [34]. CrylAc and CrylBa
are highly related proteins [5]. They are lethal for
Ts [6]. In addition, it was further established that
CrylAc protoxin obtained from Bt kurstaki HD-
73 has lethality against Ts (LC,, = 295 ng/cm? of
diet) (data not shown). For all these reasons, the
two toxins were chosen for an in silico domain II
exchange as an opportunity to focus on this re-
gion. It was suggested that receptor binding sites
for Cryl proteins must have two basic character-
istics: a highly conserved structure because Cryl
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proteins have similar primary sequences and 3D
structures and can recognize similar receptors
found in midguts of several lepidopteran insects,
as well as a non-conserved structure because
Cryl1 proteins also exhibit highly specific insec-
ticidal activity and can distinguish host species
in the lepidopteran range [35].

It was observed that site-specific changes in
loop II of the receptor binding domain of CrylAc
toxin (365TLYRRPEN372) altered toxicity of
this protein in lepidopteran larvae, herein of par-
ticular interest were mutant toxins 368AR369
(not stable) and double mutants (368AA369,
368EE369, 368FF369, 368HH369) which all led
to reduction in toxicity. These residues were cho-
sen in view of their lower volume, less hydrogen
bonding capability, and hydrophobicity with re-
gard to arginine (relative solvent accessibility in
A2 of 265, 174.2 g/mol, basic polar), which has
an amphipathic side chain, is located in protein
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surfaces exposed to solvent, and can interact
forming hydrogen bonds and salt bridges. To
sum up, A (relative solvent accessibility in A% of
121.0, 89.094 g/mol, nonpolar) is a non-reactive
residue because of their methyl side-chain, E
(relative solvent accessibility in A2 of 214,
147.130 g/mol, acidic polar) has reactivity by
carbons 2, 4 and 5 and is abundant in a-helices,
F (relative solvent accessibility in A% of 228,
165.192 g/mol, aromatic nonpolar) is neutral
due to its benzyl side chain, H (relative solvent
accessibility in A2 of 216, 155.157 g/mol, basic
aromatic polar) is related to catalytic sites with
their basic nitrogen in the imidazole sidechain.
Furthermore, residue substitutions for CrylAc
loop II mostly affect reactivity, apparently ac-
counting for detraction of toxicity and probable
hydrophobic interactions between receptors and
CrylAc toxin [36, 37]. Aromatic amino acids (Y,
E, H and W) are determinants of binding affinity
in several proteins such as human lysozyme,
diphtheria toxin, human growth hormone, and
extracellular binding domain of their receptor
and other insecticidal Cry toxins. The more hy-
drophobic F rings or removal of phenolic hy-
droxyl groups at residues of Y, the higher bind-
ing affinity and activity [38]. Hybrid Cry toxin
has three exposed solvent loops in domain II (1:
3401GG342; 2: 401QN402; 3: 429LPPETTE435),
however, none of them contains aromatic resi-
dues, but some aromatic residues are located in-
side the beta sheet (387ITHGVPTVREFNFTNP400).
What can we learn about 3D structure when we
revise these loops as a model? Specific changes
would be an important determinant of receptor
binding. G has no sidechain (no beta carbon
atom), consequently, it can be very flexible,
which enables it to adopt conformations that are
prohibited to other amino acids, such as 3D
structure loops where the protein has to create
harsh turns [39]. Q is a twice-charged zwitterion
because of both intramolecular backbone inter-
actions and compact intermolecular connec-
tions. In addition, the study focused on the pro-
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duction of 3-14 GHz spectra, applying laser
pulses in conjunction with two distinct chirped-
excitation Fourier transform microwave spec-
trometers. It was determined that Q conformers
contained no intramolecular hydrogen bonding
with the backbone, perhaps the Nc-H--O=C in-
teraction may be considered weak. The report
also noted that an extra CH, unit in the carbon
chain when going from N to Q intensifies flexi-
bility of the residue, which can form a basis for
recognition of specific sequences [40], as ob-
served in the second exposed solvent loop of do-
main II. N has a polar amide side chain (-CH,-
CONH, -CH2-COO") with donor and acceptor
H-bonds; it is profuse in y- and B-turns with an
attaching connecting the side chain to its adja-
cent environment (involving CO and NH sites of
the core chain) resulting in stabilization of those
turns. The approach, focused on gas phase quan-
tum chemistry and IR/UV double resonance, es-
tablished that N is a turn inducer, mostly for
B-turns, which could be attributed to an attach-
ing process referring to its side and core chains.
So, N in position i + 2 is approximately three
times more frequent suggesting a stabilization
role. N is stable owing to 5 or 7 H-bonds con-
cerning an NH donor to a CO acceptor on back-
bone similar to apolar A or F [41]. T has a small
and aliphatic side chain with a slow-reacting po-
lar hydroxyl group, which is not often involved
in chemical reactions except for acetylation with
acetyl chloride. Even polar groups can bind hy-
drogen to backbone peptide groups and inhibit
hydrogen bonding of a-helices; these connec-
tions are established at the end of a-helices due
to the presence of carbonyl oxygens or —NH
groups, which are not related to hydrogen bond-
ing of helix [39]. Recently, a protein—protein
interaction mediated by beta barrel-based Ts has
been described as follows: these Ts are packaged
as a one-piece component, and the T-T H-bonds
have relevance to structure stabilization [42]. E
has various torsion angles whose stability is af-
fected by the environment, and the zwitterionic
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form is stable; the carboxyl group of its side
chain is ionized and polar (pKa = 4.3). E side
chain is a chelator for some metals. E is most
common in the N-terminus of a-helices [39]. P
has stabilization, helix breaker, and aromatic-ar-
omatic interaction roles in globular proteins, so,
the Moller—Plesset perturbation method (MP),
the density functional theory augmented with
empirical dispersion term (DFT-D), and the
symmetry adapted perturbation treatment based
on the density functional theory (DFT-SAPT)
applied to P-W residue interaction (P-aromatic
residue interaction) show that there is a strong
interaction (-7.8 kcal mol! at MP2 level; -7.6
kcal mol! at DFT-D level) due to the hydrogen
bond formation between P backbone C=0 group
and W ring NH group [43]. But the opposite
situation also exists, I, L and V are hydrophobic
residues that do not raise solid electrostatic in-
teractions between their sidechains and polar
atoms in the protein backbone, which depends
on the phi/psi torsion angles [44]. In this respect,
there are relevant amino acids to intermolecular
interactions (e.g. Q or N) and for effective stabi-
lization of the protein (such as T or P). The com-
putational model emphasizes that a new domain
combination may result in a higher activity
against Ts according to experimental data.
Although molecular mechanisms underlying
this phenomenon are not well understood, the
reports suggested that domains II and III confer
two separate steps in binding to Cry protein in a
two-phase step model and that the first phase
step may be rate-limiting for that binding. For
this reason, a proper combination of domains II
and III may optimize binding and toxicity [45].
The CrylAc/CrylBa model provides a guide for
the design of domain exchange manipulations
aimed at elucidating the action mechanism and
improving Cry toxicity Plant ISR may be trig-
gered by beneficial bacteria to take the form of a
signaling cascade regulated by jasmonic acid/
ethylene responsive genes without involvement
of pathogenesis-related proteins or salicylic acid,
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distinguishing it from systemic acquired resis-
tance (SAR) [46]. Additionally, it has been re-
ported that Bt promotes, directly and indirectly,
plant growth because it produces 1-aminocyclo-
propane-1-carboxylate =~ deaminase, indole-
3-acetic acid, thuricin, phosphate solubilization
enzymes or volatile compounds among others
[30]. Scientific studies have shown that there is a
strong interplay between Bacillus sp., plant ISR,
and insect infestation. Basically, Bacillus sp. often
produce a series of cyclic lipopeptides that cor-
respond to surfactin, iturin and fengycin, and
are synthesized by non-ribosomal peptide syn-
thetases (NRPS) or hybrid polyketide synthases
(PKS) and NRPS. Lipopeptides can stimulate
ISR mechanisms including lipopeptide recog-
nizing by a putative receptor and triggering the
calcium-dependent signal transduction pathway
controlled by jasmonic acid/ethylene and inter-
action with regulatory proteins named non-ex-
pressor of pathogenesis-related genes, kinase re-
ceptor, and Mitogen-Activated Protein kinases
leading to transcriptional response tocell wall
reinforcement, antimicrobial proteins or phyto-
alexins/flavonoids, phenolic compounds, lectins
and Hsp90 chaperonin synthesis among others.
Fengycin and surfactin are important activators
for defense plant response. Fengycin (a specific
solanaceae elicitor) application on potato tuber
cells with purified lead to the production of po-
tato phenolic compounds from the phenylpro-
panoid pathway, which elicits the plant defense
response [47]. B. velezensis genome revealed
genes belonging to lipopeptide synthesis such as
spoVT and comA (surfactin), spoVT, abrB, yczE,
comA and degQ (iturin) or phoR and phoP
(fengycin) among others, with a clear interde-
pendence among various genes relating to
BtkHD1. Furthermore, it was found that potato
has proteins strongly related to ISR, which en-
ables interaction among BtkHD1, potato, and
pest insect, including those related to the calci-
um-dependent transduction pathway (e.g. L-rich
repeat receptors: protein kinase EXS precursor,
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protein kinase 5 receptor, and brassinosteroid-
insensitive 1-associated receptor kinase 1 pre-
cursor), calcium signaling (e.g. calmodulin
binding protein or calmodulin-dependent pro-
tein kinases), jasmonic acid/ethylene synthesis
(lipoxygenase), oxidative stress (peroxiredoxin,
catalase, and peroxidase), flavonoids, phenolics
compounds and lignin biosynthesis, protease in-
hibitors, and pathogen defense (Table 1, 2)
[11-13].

Conclusions. It can therefore be concluded
that the success of BtkHD1 as an insect patho-
gen may also be related to potatos ISR triggering
and growth promotion. The results suggest a dif-
ferential molecular dynamics regarding to spe-
cific residues inside domains II of CrylBa and
CrylAc proteins. BtkHD1 has a beneficial po-

tential with reference to potato protection under
Ts attacks. BtkHD1 can affect the development
of field potato plants through nitrogen fixation,
siderophore production, and phosphate solubili-
zation, including protection against phytopatho-
gens by means of ISR; this implies an evolving
interaction between Bt and plants.
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! ®akynprer npupogHuYNx HayK, YHiBepcutet AuToHI0 Hapiubo,
3 Cxipne Illoce, 47A-15, BoroTa, Komrym6is

2 ®oup Arpapaoro yaiBepcutery Komym6ii — UNIAGRARIA,
By 170, 54A-10, Borora, Konym6isa

IHCEKTMIIMIHA TA PICTCTVIMVYJIIOIOYA
AKTVIBHICTD BACILLUS THURINGIENSIS KURSTAKI HD-1

Bacillus thuringiensis (Bt) mponykye Tokcuny Cry mpory KoMax-Ikiguukis. Binku Cry dopmyoTbcs TpboMa Jj0-
MeHaMI, [IOB’sI3aHMMU 3 YTBOPEHHIM HOP 1 po3misHaBaHHAM 6i1K0BUX perjentopiB. Jomen I moB’si3aumit 3 yTBo-
peHHAM 1op, Topni sk gomenu I ta III BigirparoTh Ba>KIMBY poONb y po3MisHaBaHHI PeLienTOPiB, 0COOMMBO MeTIi
momeny II. Bizomo, mio pisHi Buam Bacillus sgaTtHi cTuMymioBaTH picT pOCAMH MIAXoM ¢ikcaril a3ory, BUpoo6-
HuULTBa cupepodopis abo posunuenss ¢ocdaris. Tecia solanivora (Ts) (Lepidoptera: Gelechiidae) € Baxmusum
IIKiITHMKOM KapToIun B AMepuui, sxuii gy TmBuit fo 6inkis CrylAc ta CrylB 3 Bt. CuctemHa cTiffkicTh pocius
(ISR) BUK/IMKAETHCSI ATAKOK0 LIKiAHUKIB. BogHowac i Moxke axtusyBatu Bacillus sp., Hanpuxian, B. velezensis mae
TeHU, [IOB’s13aHi 3i cuHTesoM nminonentusnis spoV'T, ta comA, spoVT, abrB, yczE, comA rta degQ, phoR ta phoP.
IITo, B cBOIO Yepry, MOB’sA3aHi i3 Ka/bIiil-3a/IeXKHUM IHIIAXOM TpaHCAyKuil (L-6arati IOBTOPIOBaHI pelenTopn sK
nonepenHuKy nporteinkinasyu EXS, perentop mporteiHkiHasu 5 Ta He4yTIMBuUIL [0 6paciHOCTEPOIfiB 1-aconiitoBa-
HUIT perienTop KiHasy 1), a TAKOXX Ka/JbMOJY/IiH-3a/IeXXH] POTeiHKiHa3y ab0 CMHTE3 )KaCMOHOBOI KVC/IOTH / eTH-
JIeHY, OKMC/IIOBA/IbHUI CTpec, (praBoHoiny, deHomu, iHribiTopu Ta 3axucHi 6inkyu maroreHis. Meta. Jocnigntu Bt
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kurstaki HD-1 (BtkHD1) crocoBHO koHTpOmo Ts (BKmouaroun aHanis gomeHis CrylAc ta CrylB II), ctumyimo-
BaHH:A pocTy Kapromt ta ISR pocmus mix piero mkiguukis go BtkHD1. Meropm. [Is1 3a6esredeHHs MOCTiiTHOTO
KOoHTpo/o sikocTi BtkHD1 migTprMyBaBcst cuHTe3 KpyucTaiiB (OLiHI0Ba/IM 3a JOIIOMOTO MiKPOCKOTIii), HasiBHICTD
reHiB cryl (ouintoBanu 3a [IJIP) ta mpopykuis nporeiny Cry (ouinooBanu 3a goromorow SDS-PAGE). Bt Busyanu
11t GeHOTUIly CTUMY/TIOBAHHA pocTy pocinH (¢ikcaliis a3ory, BUpoOHULTBO cupepodopy, comobinisaris dpoc-
¢artiB Ta cuHTe3 iHfOMMIOLTOBOI KIcoTY). bioaHaisu mpoBopyy i3 3acToCyBaHHAM KpucTaliB Bt Ha mudnHKax
nepmoro Biky Ts (11 60poTb6M 3 KOMaxamu), noTiM camkanni kapromwrti (copt Kpeon) inoxymosamn 1-10'° KYO/
w1 BtkHD1. TIposeneHo ananis in silico ribpupnoro 6inka CrylAc-CrylBa s inentudikanii BifmoBigHux sammm-
KiB y posnisHaBaHHi perjerrropis ISR kapromi, nos’s3anux i3 BrmmsoM BtkHD1, sikuit BusHaua/m 3a LOIOMOTOI0
FeHOMHOro aHayi3y Bt ta xapromi. PesynpraTn. IToxasaHo xapakrepuctuky BtkHDI1 Ta xopoury sikicTb mramy,
BK/IIOYarouy OimipamMifanpHi KprcTany, HasBHICTD TeHiB cryl ta cunTte3 Cryl-momi6uux 6inkis 130 x[la. 3miHHi
ITP (xonuentpanis JTHK, MgCl,, Taq JHK-nonimMepasa Ta temneparypa ribpuausanii nparimepis) owiHoBanmu
3a goromoroo KoHcTpykuii Taguchi gep’sarbma exciepumentamu (E = 2k + 1 (E = xinbkicTh ekcrnepumenTis, k =
KinbKicTh (pakTopis)). Bioamanis 6imka BtkHD1 Ha muuannkax Ts mokasye LC, ) B parioni 536 Hr/cm?, a Takox ¢e-
HOTHIIN, [TOB’sI3aHi 31 CTUMY/IIOBAHHAM POCTY POCIUH: (hikcalis a30Ty, BUupob/eHHs cuzepodopy Ta PO3UMHEHHS
¢docdariB (LUIAXOM IIPOAYKYBAHHA KUCIOT). AHaII3 CTUMY/TIOBAaHHA pOCTY Kapromwl Busasus Bims BtkHD1 Ha
KapTOIUTI0 — JOBXMUHY i cyXy Macy creben. IIpocexTBHMIT aHa/Ii3 BpaxoByBaB BinosinHi gakropn, mo Brmm-
BalOTb Ha bioyoriuny QyHKIio ribpuaHoro 6inka, opieHTOBaHOrO Ha foMeH II, OB’ A3aHMIT 3 TPPOMA BIIKPUTUMU
nerTisaMu posunHumka (1: 3401GG342; 2: 401QN402; 3: 429LPPETTE435). Inentudixkosano 15 6inkis BtkHD1 ta
68 6inKiB KapTOIIi, OB A3aHMX 13 MIKiTHMKaMu pociut. e focmifykeHHs IOKa3ye, 110 TeHM, TOB sI3aHi 3 IMK/IiY-
HYMI finonentupamMu (CypdakTuH, iTypuH Ta (eHTIlNH), AKi IPOAYKYIOThCA HEPMOOCOMHMMM HENTH/-CHHTE-
Tasamu abo riOpupHuUMM TOiKeTHA-cyHTasaMi. JIimonenTiay CTUMY/IIOITh Ka/lbLiili-3aIe)KHII UIAX Iepenadi
CHUTHAJIY, IO KOHTPOJIIOETHCS KaCMOHOBOIO KUC/IOTOIO/€TUIEHOM, B3a€MOJII0 3 PerylIATOPHUMM OiIKaMM SK He-
eKCIIPeCOpOM TeHiB, II0B A3aHUX 3 IATOI€He30M, pellelITOpaMyl KiHa3u Ta poTeiHKiHa3aMy, aKTUBOBAHIMI MiTO-
FeHOM, 10 IPUBOANUTH O POPMYBAHHs B POCIVH CUCTEeMHOI CTifiKOCTi. BucHOBKM. Ileil mpoeKT cripsMoBaHuit Ha
Ba/Iifa1fil0 TOKCUYHOCTI A/Ist IMIMHOK T Ta edekTy pocTy Kapromti Ha ocHoBi BtkHD1, BK/mouaroun momepeHiit
anasis ribpupHoro 6inka CrylAcl-CrylBal ta 6inkiB, 10oB’sI3aHMX i3 I{MM IITaMOM Ta KapTOIUIEIO, A7Is1 BUSBJIEHHS
CUCTEMHOI CTifIKOCTi, aKTMBOBAHOI IIKiTH/MKAMIA.

Kntouoei cnosa: Bacillus thuringiensis ABTS-351, 6inox Cry, Tecia solanivora, cnpusnns possumxky Solanum tuberosum,
iHOYKOBAHA CUCEMHA Pe3UCTNEHMHICD.
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