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Bacillus thuringiensis ELASTASES
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The purpose of research was a screening of proteases with elastase activity among Bacillus
thuringiensis strains, their isolation, partially purification, study of physicochemical properties and
insecticide activity in relation to the larvae of the Colorado beetle. The objects of the investigation were
18 strains of B. thuringiensis, isolated from different sources: sea water, dry biological product
“Bitoksibatsillin” and also from natural populations of Colorado beetles of the Crimea, Kherson, Odesa,
Mykolaiv and Zaporizhiia regions of Ukraine. Purification of enzymes with elastase activity isolated
from above mentioned strains was performed by gel-chromatography and insecticide activity was studied
on the 3—4 larvae instar of Colorado beetle. The ability of a number of B. thuringiensis strains to
synthesize the proteases with elastase activity has been established. The most active enzymes were
obtained from strains IMV B-7465, IMV B-7324 isolated from sea water, and strains 9, 902, Bt-H and
0-239 isolated from Colorado beetles. The study of the physicochemical properties of the partially
purified proteases of these strains showed that they belong to enzymes of the serine type. Peptidases of a
number of B. thuringiensis strains (IMV B-7324, IMV B-7465, 902, 0-239, 9) are metal-dependent
enzymes. Optimal conditions of action of all tested enzymes are the neutral and alkaline pH values and
the temperatures of 30—40 °C. The studies of influence of the complex enzyme preparations and partially
purified ones of B. thuringiensis strains on the larvae instar of Colorado beetles indicated that enzymes

with elastase activity may be responsible for insecticide action of the tested strains.
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Bacillus thuringiensis is a gram-positive
spore-forming bacterium, which synthesizes
insecticide toxin and a number of virulent
factors. At the beginning of sporulation
and during the stationary phase of growth
bacterium produces parasporal crystalline
inclusions, consisting of wide spectrum of
insecticide crystalline (Cry) and cytolytic (Cyt)
proteins, also known as 6-endotoxins. After a
penetration in the organism of insects, these
crystals are dissolved in a middle intestine,
whereupon it is activated by proteases of insect
and contact with specific receptors, located on
a cellular membrane, that results in death of
insect [1, 2]. These proteins are toxic to the
insects of orders of Lepidoptera, Dipteran,
Coleoptera, Hymenoptera, Homoptera,
Orthoptera, Mallophage, and also to nematodes
[3]. In addition, B. thuringiensis secretes
thermo stable, water soluble low-molecular
(700 Da) insecticide exotoxins [4], and also
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it is reported [5—7] that some extracellular
chitinases and proteases of these bacteria
also can be one of virulent factors of their
multicomponent systems [8]. It is possible to
assume that proteases possess hydrolyzing
activity in relation both to proteins of animal
tissues and insects and as a result is death of
insect. The targets of action of these enzymes
can be proteins both of membranes, cuticle and
enzymes of insect hemocoel. Therefore, the
research of Bacillus enzymes with insecticide
activity, in particular B. thuringiensis, can be
actually.

We have previously demonstrated [8—10]
that B. thuringiensis IMV B-7324 synthesizes
a serine peptidase which has high affinity to
number of native proteins of animal origin
(elastin, fibrin, fibrinogen, collagen, casein).
The purpose of this work was screening
of proteases with elastase activity among
B. thuringiensis strains, their isolation,
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partially purification, study of their
physicochemical properties and insecticide
activity in relation to the larvae of the
Colorado beetle.

Materials and Methods

The objects of the investigation were
18 strains of Bacillus thuringiensis: IMV
B-7324, IMV B-7465, 5, 8, 9, 0-239, 0-293,
187, 98, 218, 240, 297, 304, 902, 275, 315,
LH-4 and Bt-H. B. thuringiensis IMB B-7324
was obtained by chemical mutagenesis from
B. thuringiensis 27 which was isolated from
the Black Sea water [11]. B. thuringiensis
var. israelensis IMV B-7465 was isolated
from the Black Sea water near Snake Island.
B. thuringiensis 98 is the component of the
dry biological product “Bitoksibatsillin”.
Other strains tested were isolated from
natural populations of Colorado beetles of the
Autonomous Republic of Crimea, Kherson,
Odesa, Mykolaiv and Zaporizhiia regions of
Ukraine.

For bacteria cultivation it was used a
liquid nutrient medium [12] of the following
composition (g/1): maltose — 1.0; gelatin —
10.0; yeast autolysate — 0.15; KH,PO, — 1.6;
MgSO,7H,0 — 0.75; ZnSO,7TH,0 — 0.25;
(NH,),SO, — 0.5 (pH 6.8-7.2) [12]. Cultivation
was performed by submerged method in
the flasks (750 ml) under rotation (220 rpm) at
36 °C for 24 h.

For obtaining complex protein preparations
the cells were separated by centrifugation
at 5000 g, 30 min and to the supernatant of
culture liquid dry ammonium sulfate with final
concentration of 90% was added . The mixture
was incubated at 4 °C for 24 h, centrifuged
at 5000 g, 30 min, the formed precipitate
was collected and dissolved in 0.01 M
of Tris-HCI buffer, pH 7.5, and loaded on the
column (1.8x40 ¢cm) with a neutral TSK-gel —
Toyopearl HW-55 (Toyosoda, Japan). The
elution was carried out with the same buffer
and fractions with elastase activity were
collected.

Elastase activity was estimated
colorimetrically by the color intensity of
the solution after enzymatic hydrolysis of
elastin stained with Congo red [13]. Reacting
mixture consisted of 2.5 ml of 0.01 M Tris-
HCI buffer (pH 7.5), 5 mg of elastin stained
by 0.002% of Congo red solution and 1 ml
of the enzyme solution. The mixture was
incubated during 5 h at the temperature of
37 °C. The reaction was stopped by standing
the tubes with reacting mixture in an ice

bath during 30 min. Unhydrolyzed elastin
was separated by centrifugation at 10 000 g,
5 min. The color intensity was measured on a
spectrophotometer SF-26 at the wave length
515 nm. The unit of activity was such amount
of enzyme that catalyzes the hydrolysis of 1 mg
elastin for 1 min.

The protein was measured by the method
[14]. The protein content of the fractions
obtained from gel-filtration was determined
spectrophotometrically at 280 nm.

The study of action of inhibitors, pH
and temperature on the activity of the
partially purified enzymes was performed
on peptidases preparations with protein
concentration 1 mg/ml. For inhibitory
analysis it was applied the following specific
chemical reagents: phenylmethylsulfonyl
fluoride (PMSF), 1-ethyl-3-[3-dimethyl-
aminopropyl]carbodiimide (EDC), sodium
ethylenediaminetetraacetate (EDTA),
ethylene glycol tetraacetic acid (EGTA), DL-
dithiothreitol (DTT), p-chloromercuribenzoic
acid (PCMB), N-ethylmaleimide (NEM). Enzy-
me with reagent (final concentration 10~3 M)
was incubated at a temperature of 15-20 °C
for 60 min. After this the aliquotes were
picked out and activity measured as described
above. The studies of the effect of pH and
temperature of the reaction medium on the
peptidase activity were carried out in the range
of temperatures from 4 to 90 °C and pH from
3.0 to 11.0 using universal 0.05 M solution of
phosphate buffer.

The study of the insecticide activity
was carried out on both complex protein
preparations and partially purified ones
as a result of gel-filtration. The protein
content in tested preparations was 0.1 mg/
ml. Experiments were performed in triplicate
on the 3—4 larvae instar of Colorado beetle.
The leaves of potato were placed into a Petri
dish and treated by 5 ml enzyme preparations
(pH after dialysis against the distilled water
was near 6.0). The excess of preparation
was not observed. Then 40 larvae were put
there and incubated in a dark cool place for
5 days. Distilled water was used as control
preparation. Interpretation of results was
conducted after 3, 4 and 5 days.

All of experiments conducted no less
than in 3-5 replicates. Data are presented as
average value * standard error. Statistical
analysis was performed using the Student’s
t-test, estimating authenticity of the results on
the the level of significance no less than 95%
(P <0.05).
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Results and Discussion

Today there is enough information about
participation of B. thuringiensis proteases
in forming of insecticide endotoxins [15].
Moreover, it is shown correlation between
the synthesis of protease and endotoxin levels
as well as it is established that proteases are
one of many factors which are responsible
for insecticide activity of the strains [6, T].
Since there is extremely little information
about the possible role of individual proteases
as insecticide agents, we have been stated
a task to isolate B. thuringiensis proteases,
investigate their properties and biological
activity. We have previously shown [8, 9] that
two strains of B. thuringiensis IMV B-7324 and
B. thuringiensis IMV B-7465 [16] synthesize
unique proteases hydrolyzing native animal
proteins (elastin, collagen, fibrin). This is
due to their primary substrate specificity
to the hydrophobic amino acid residues, in
particular to alanine. It is known also, that
the bacillary proteases possessing similar
specificity are able to lyze the cells of some
microorganisms by cleavage of glycine-alanine
bond of peptidoglycan [17]. It is possible
that such proteases displaying affinity to the
insoluble protein structures also would exert
influence on the structural proteins of cuticle
and membranes of insects. Thus, 18 strains

of B. thuringiensis were investigated. It was
shown that B. thuringiensis IMV B-7324, IMV
B-7465, Bt-H, 0-239, 902 and 9 hydrolyzed
elastin (Table 1). Therefore these strains were
selected for further investigations.

The complex enzyme preparations from
the supernatants of culture liquids of IMV
B-7324, IMV B-7465, Bt-H, 0-239, 902
and 9 were obtained by ammonium sulfate
precipitation (90% of saturation). The
further gel-filtration (Fig. 1) permitted
to purify enzymes of all B. thuringiensis
tested strains from significant amounts of
undesirable proteins, carbohydrates and
nucleic acids. It was achieved the degree of
purification up to 10 times and decrease in the
carbohydrates and nucleic acids content up to
75-99%.

The studies of dependence of partially
purified proteases activity from pH have
shown that they have an optimum at the
neutral and weakly alkaline values 6.5—8.5
(Fig. 2). Thermo-optimums are at the
temperature of 35—45 °C (Fig. 3).

Influence of chemical reagents on elastase
activity of partially purified enzymes was
investigated. It was demonstrated (Table 2)
that all tested elastases are serine peptidases
due to reduction of the activity on 44-98%
under the action of PMSF. Peptidases

Table 1. Elastase activity of B. thuringiensis strains

B. thuringiensis strain Protein, mg/ml Elastase activity, U/mg of protein
0-239 2.2+0.11 3.95+0.2
0-293 2.26 = 0.11 -
Bt-H 2.58 =0.13 6.7=0.34

187 2.0=0.10 -
LH-4 2.2=0.11 -
98 2.58 =£0.13 -
218 1.54 = 0.08 -
240 1.48 =0.07 -
297 2.26 =0.11 -
304 1.72 +0.08 -
902 2.12=+0.11 4.1 +0.2
275 2.7+0.13
315 1.94 = 0.09 -
5 2.1+0.11 -
8 1.7+0.08 -
9 2.5+0.12 5.2+0.26
IMV B-7465 2.9+0.14 10.8 = 0.54
IMV B-7324 2.8+0.14 12.1 =0.61

Note: «—» — activity is absence; here and later control — reaction mixture without enzyme.
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of B. thuringiensis IMV B-7324, IMV B-7465,
902, 0-239 and 9 are metal-dependent enzymes
because chelating agent EDTA inhibits their
activity on 50—72% . Another chelating agent
EGTA inhibits only two enzymes — peptidases
of B. thuringiensis IMV B-7465 and 902. At
the same time EGTA cause an increase in
activity on 16—-66% for B. thuringiensis IMV
B-7324, Bt-H and 0-239 peptidases. Thus,
it is possible to conclude that the metal ions
(probably calcium due to influence of EGTA)
play a substantial role in maintenance of
molecular active conformation of enzymes and
in hydrolysis of the high molecular insoluble
protein substrates. However, this assumption
requires further investigation.

Investigation of the insecticide activity
was made both on the complex protein
preparations, obtained by ammonium sulfate
precipitation, and on the partially purified
enzymes. The larvae of the Colorado beetle

family of Leaf beetles were chosen as a test-
organism. Beetles and larvae of the Colorado
beetle feed on the leaves of plants which are
representatives of Solanaceae family: potato,
tomato, physalis, egg-plant, etc. In favorable
years the Colorado beetle is able to destroy up
to 40% crop yield and in spite of a progressive
development of science it remains dangerous
pest of potato.

It was established (Fig. 4) that after 3 days
of action of complex enzyme preparations
of the strains Bt-H, 902 and IMV B-7324 the
amount of the dead larvae is 50-60% (for
comparison in control only 2.5% ). This index
for the purified enzymes is from 7.5 to 35%.
After 4 days of treatment (Fig. 5) the effect
of purified preparations was more significant
than for unpurified. So, for partially purified
protease of B. thuringiensis IMV B-7324 this
index is 85% of dead larvae and for complex
enzyme preparation — 65%. It was shown

(Leptinotarsa decemlineata) — insect of (Fig. 6) that after 5 days almost all of the
1.6 - —e—EBt-H
Elnatase notivi s
14 - ey of 7324 md 0-239
902and9 7465 ———
s 1.2 ’--.------E ok el | & ——
-] \ g § ———INV B-T465
g ! I IMV B-7324
-] 0.8 ; §
E 0.6 i
0.4 P
0.2 G
o 4 \"/ hsssssssss 2 3 e
o s 10 15 20 23 30 3% 40 45 20

Mk froction

Fig. 1. Elution profiles of the complex preparations which were obtained by ammonium sulfate precipitation
(90% of saturation) from the culture supernatants of different B. thuringiensis strains
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Table 2. Influence of the chemical reagents on elastase activity of the partially purified enzymes
of B. thuringiensis strains

Chemical Elastase activity (%) of B. thuringiensis strains:
reagent Bt-H 9 902 0-239 IMV B-7465 IMV B-7324
PMSF 66+3.3% | 2=0.1% | 50+2.5% | 33=1.6% 62+ 3.1% 5+0.2%
EDC 44+2.2% | 7T9+3.9% | 50+2.5% | 66=3.3% 43 + 2.2% 15 = 0.7%
EDTA 10050 | 28=1.4% | 50+2.5% | 66=3.3% 29 + 1.4% 35+ 1.7%
EGTA 166 = 8.3* 100 = 5.0 75 = 3.8% 116 = 5.8*% 40 = 2.0* 121 +£6.1%
NEM 144 =7.2% | 89=4.4% | 10+0.5% | 83=4.1% 100 = 5.0 98 + 4.9
PCMB 133+6.6% | 7+0.35% | 10050 | 83=4.1% 156 = 7.8% 64 = 1.3%
DTT 66+=3.3% | 102+5.1 | 100=5.0 | 100=5.0 28 +1.4% 86 + 4.3%
Control 10050 | 100+5.0 | 100+5.0 | 100=5.0 100 = 5.0 100 = 5.0

Note: Control — reaction mixture with enzyme and without chemical reagent. Here and later * — P < 0.05
as compared with control.
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tested partially purified enzymes led to death
of 90-100% larvae while complex preparations
only of a number of B. thuringiensis Bt-H, 902,
9 caused similar action (from 90 to 100% ).

Thus, as a result of the investigations
it was shown the ability of B. thuringiensis
strains to synthesize the proteases
with elastase activity. The study of the
physicochemical properties of the partially
purified proteases showed that they belong
to proteases of the serine type. Peptidases
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EJIACTAS3MU Bacillus thuringiensis
3 IHCERKTUIITHOIO AKTUBHICTIO
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MeToio po6oTu 0yJI0 TPOBECTH CKPUHIHT IIPO-
Teas i3 ejlacTa3HOIO aKTUBHICTIO cepeJ IITaMiB
Bacillus thuringiensis, 1X i30/II0BaHHSA, YaCTKOBE
OUMINEeHHA, BUBUCHHA (PiBUKO-XiMiUHUX BJIACTH-
BOCTeHl Ta iHCEeKTUIIMIHOI AaKTUBHOCTiL CTOCOBHO
JUYNHOK KOJOPaAchbKoro Kyka. O6’ekTamMu 10-
caimsxens 0yau 18 mrramis B. thuringiensis, BUi-
JIEHUX 13 PiBHUX AKepes: MOPChKOI BOAU, CYXOTO
6iosioriunoro mponyKTy «BiTokcubanuiiny, a Ta-
KOK 18 MPUPOSHUX IIOIMYJISAIINA JUUNHOK KOJOPa-
CBKOTO KyKa 3 periouiB Kpumy, Xepcona, Oxecu,
Muxkonaesa i 3anopimkiksa. OuuninenHsa eH3UMiB 3
eJIacTa3HOI0 aKTUBHICTIO, i30JIbOBAaHUX 13 BUIIIE-
3a3HaUYeHUX MITaMiB, 3AificHIOBaIN resib-hiabTpa-
i€, a iIHCEeKTUIUIHY aKTUBHICTD JTOCJIiI:KyBaIN
Ha JUYNHKAX KOJOPaIChKOTO JKYyKa.

BuBueno 3pgaTHicT, HU3KH IITaMiB
B. thuringiensis cCMHTe3yBaTU IPOTeas3! 3 eJIacTas-
HOI0 akTuBHicTI0O. HaltakTuBHimi exsumu 6yao
omep:kano 3i mramis IMB B-7465, IMB B-7324,
i301bOBAHUX 3 MOPCHKOI Boau, i mramis 9, 902,
Bt-H ta 0-239, BugiieHnx i3 KOJIOPaACbKUX KY-
KiB. BuBuenHs (pisuKo-XiMiuHUX BJIacTUBOCTEI
YaCcTKOBO OUUINEHUX IIPOTeasd IMUX IITaMiB CBij-
YUTH IIPO IX HAJEMKHICTH O €H3UMiB CEPUHOBOTO
tuny. Ilentunasu mramiB B. thuringiensis (IMB
B-7324, IMB B-7465, 902, 0-239, 9) € meTao3a-
JeKHUMH eH3uMaMu. OUTUMAJIbHUMUA YMOBaAMU
Iil MUX eH3WMIiB € HeHdTpaJbHi i JY)KHI 3HaUeH-
s pH i remneparypa 30-40 °C. Hocaimxenus
BILINBY KOMILJIEKCHUX i YaCTKOBO OUMII[EHUX €H-
3UMHUX IIpenapartiB mramiB B. thuringiensis Ha
JUYUHKA KOJOPaIChKOTro »KyKa CBiguaTh, 1110 eH-
3UMU 3 eJIJaCTa3HOI0 aKTUBHICTIO MOYKYTH BILJIMBA-
TU Ha iHCeKTUIIUAHY aKTUBHICTD JOCiI:KyBaHUX
ITaMiB.

Knrouoesi cnosa: Bacillus thuringiensis, eracras-
Ha aKTUBHICTDH, iIHCeKTUIINIHA aKTUBHICTD.
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ITenbio paboTh! OBLIO IPOBENEHNE CKPUHUHTA
IpoTeas C 9JIaCTa3Hol AKTUBHOCTHIO CPEeIU IITTaM-
MoB Bacillus thuringiensis, nx M30JUPOBAHUS,
YACTUUYHON OUUCTKU, U3yUeHUEe PUBUKO-XUMUUE-
CKMX CBOMCTB U MHCEKTUI[UAHON aKTUBHOCTHU II0
OTHOIIEHHUIO K JIMYMHKAM KOJOPAaICKOTO KYKa.
O6beKTaMu KccaemoBaHUMi Oblau 18 mramMmMoB
B. thuringiensis, 30JITUPOBAHHBIX U3 PA3JIMUHBIX
MCTOYHUKOB: MOPCKOI BOABI, CYXOT0 OGHOJIOTHYe-
CKOro ImpoayKTa « BuToKcmbanuiaina», a TaKKe
€CTeCTBEHHBIX MOIMYJIAMUN JUUNHOK KOJOPaICKO-
ro KyKa us peruoHoB Kpreima, Xepcona, Omeccsl,
HukonaeBa u 3amoposkbsi. OUUCTKY 9H3UMOB C
5JacTa3HON aKTUBHOCTBHIO, M30JUPOBAHHBIX U3
BBIMIIEYIIOMSAHYTBHIX IIITAMMOB, OCYIIECTBJIAIU
rejqb-puabTpaueii, a UHCEKTUIIUIHYIO aKTUB-
HOCTDb MCCJIeIOBAJIY HA JUYMHKAX KOJIOPAICKO-
ro }XKyKa. VIdyueHa cII0OCOOHOCTH psfa IITaMMOB
B. thuringiensis CHHTe3UPOBATh IIPOTEA3LI C dJia-
CTa3HOUW aKTHUBHOCTHIO. Hambosiee aKTUBHEBIE 9H-
3UMBI HoJTy4YeHsb! u3 mramMmmoB IMB B-7465, IMB
B-7324, n3011poBaHHBIX N3 MOPCKOW BOABI, U
mramMmoB 9, 902, Bt-H u 0-239, BrigeIeHHBIX 13
KOJIOPAJICKUX KYKOB. VgyueHue (PUBUKO-XUMU-
YeCKUX CBOMCTB YACTHUUYHO OUMIIEHHBIX IIPOTEas
STUX IIITAMMOB CBUAETEJIbCTBYET 00 UX HMPUHAI-
JI€XKHOCTU K 9H3WMMaM CePUHOBOTO Tuma. IlenTu-
nmasel mramMmMoB B. thuringiensis (MMB B-7324,
MMB B-7465, 902, 0-239, 9) aBiAr0TCSa MeTaJLIO-
3aBUCUMBIMY dH3UMaMu. ONTUMAJIbHbBIE YCIOBUS
IeHCTBUA 9TUX 9H3UMOB — HeHUTpaJbHBIE U IIe-
ngounble 3Hauenuda pH u remnepatypa 30—40 °C.
UccaenoBaHuA BIUAHUSI KOMIIJIEKCHBIX 1 YACTHY-
HO OUUITEHHBIX 9H3UMHBIX IIPEIapaToB IIITaMMOB
B. thuringiensis Ha JUUYNHKHI KOJOPAACKOI0 JKyKa
CBUIETEJNbCTBYIOT, UTO SH3UMBI C 3JIACTA3HOM
ATUBHOCTHIO MOTYT BJIUATH HA MHCEKTUIUIHYIO
AKTUBHOCTD U3YUYEHHBIX IIITAMMOB.

Knrouesvie cnosa: Bacillus thuringiensis, sja-
crasHasdg AaKTUBHOCTL, MHCEKTUIUIHAA aKTUB-
HOCTb.





