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Biochemical, Immunological and Toxicological
Characteristics of the Crystal Proteins of Bacillus
thuringiensis subsp. medellin

Sergio Orduz*, Thais Diaz, Nora Restrepo, Maria M Patiio, Martha C Tamayo

Unidad de Biotecnologia y Control Biolégico, Corporacion para Investigaciones Bioldgicas,
Apartado Aéreo 7378, Medellin, Colombia

Characterization of the insecticidal and hemolytic activity of solubilized crystal protddaciius
thuringiensigBt) subspmedellin (Btmedwas performed and compared to solubilized crystal proteins
of isolates 1884 d8. thuringiensisubspisraelensis (Btipnd isolate PG-14 d. thuringiensisubsp.
morrisoni (Btm) In general, at acid pH values solubilization of Btecrystalline parasporal inclusions
(CPI) was lower than at alkaline pH. The larvicidal activity demonstrated by the (Bthwdd indi-
cated that optimal solubilization of CPI takes place at a pH value of 1183, &t pH values from 5.03
to 11.3 and irBtm at pH values from 9.05 to 11.3. Hemolytic activity against sheep red blood cells was
mainly found following extraction at pH 11.3 in Bli strains tested. Polyacrylamide gel electrophoresis
under denaturing conditions revealed that optimal solubilization of the CPI Bt atrains takes place
at the alkaline pH values from 9.05 to 11.3. An enriched preparati@noédcrystals was obtained,
solubilized and crystal proteins were separated on a size exclusion column (Sephacryl S-200). Three
main protein peaks were observed on the chromatogram. The first peak had two main proteins that
migrate between 90 to 100 kDa. These proteins are apparently not common Btainains isolated
to date. The second and third peaks obtained from the size exclusion column yielded polypeptides of 6
and 28-30 kDa, respectively. Each peak independently, showed toxicity against 1sCurstar
quinquefasciatutarvae. Interestingly, combinations of the fractions corresponding to the 68 and 30
kDa protein showed an increased toxicity. These results suggest that the 94 kDa protein is an important
component of thBtmedtoxins with the highest potency to kill mosquito larvae. When crystal proteins of
Bti were probed with antisera raised independently against the three main protein fractBimsedf
the only crystal protein that showed cross reaction was the 28 kDa protein. These data suggest that
Btmedcould be an alternative bacterium for mosquito control programs in case mosquito larval resis-
tance emerges tBti toxic proteins.
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Bacillus thuringiensi¢Bt), an ubiquitous gram ingested by susceptible insects. These CPI contain
positive rod has been used in agriculture duringroteins that exhibit a variety of biological actions
the last 30 years to control insects. Since the digicluding cytolytic, hemolytic and entomocidal
covery of the first mosquito active strain in 1977activities (Aronson et al. 1986, Hofte & Whiteley
by Goldberg and Margalit, it has been implemente@d989).
worldwide in mosquito control programs. In re-  Numerous natural variations in the primary
cent years, an increased and extensive search §ucture of the crystal proteins exist and are re-
new strains oBt have been performed in order tosponsible for differences in susceptible host range
discover new or increased activiti€ strains are  of each toxin (Hofte & Whiteley 1989). Many
toxic to either lepidopteran, dipteran, or coleopteraphysicochemical properties of the crystal inclusions
insects and some to nematodes (Héfte & Whiteletyaye been reviewed (Huber & Luthy 1981, Tyrrel
1989, Feitelson et al. 1992). _ et al. 1981, Pfannenstiel et al. 1986, Koller et al.
~ This bacterium produces crystalline parasporalgg2, Du et al. 1994) including the pH required
inclusions (CPI) usually composed of one or sewor solubilization of the crystal, an important pa-
eral polypeptide subunits, which are toxic whemameter, since it is an essential step for toxicity in

susceptible insects. In this paper we describe the
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MATERIALS AND METHODS from the Sephacryl column, were dialyzed against

Bacillus thuringiensistrains and mosquitoes PBS PH 7.2. Samples of 400 pl of the fractions
- Strains 1884 oBt subsp israelensis(Bti) and Were acetone-precipitated, and.protems separated
PG-14 ofBt subspmorrisoni(Btm) were obtained ©N & 10% SDS-PAGE as described above.

from the Unite de Bacteries Entomopathogenes, Hemolytic activity assaySheep red blood cells .
Institut Pasteur, Paris. Strain 163-13Bogubsp. Were collected and washed three times in 0.85%

medellin (Btmed was isolated from Colombia S&line solution (SS), and brought to a final con-
(Orduz et al. 1992). Bacteria were grown on | gcentration of 2.8% in SS. One hundred microliters
agar plates (tryptone 10 g, NaCl 10 g, yeast extra@iquots of a fraction eluted frolm tlhe SePhacrgl
59, agar 20 g per liter of distilled water), and incu€0/umn were mixed with an equal volume of a 2.8%

bated for 24 hr at 30°C. Tubes containing 5 ml giUSPension of sheep red blood cells in U-shaped
liquid M-one medium (Proflo 1 g, peptone 5 gbottom microtiter plates. Plates were incubated at
glucose 3 g, KHPO, 6 g chioride salts 10 mi, 37°C with 5% CQfor 2 hr, then centrifuged at
containing 0.02 g of each one of the following>C0 X g for 10 min and absorbance of the superna-
MgCl,.6H,0, MnCl,.4H,0, FeCl 6H,0, ZnCl, tants was measured at 540 nm in a Multiskan MCC/
and CaCJ2H,0, phosphate buffer 200 ml, in 1340 ELISAreader. | ubilized

liter of distilled water and pH adjusted to 7.2) were | OXICity on mosquito larvaeSolubilized crys-
inoculated and incubated for 8 hr at 30°C and 20@ Proteins ofBtmedseparated in the Sephacryl
rpm. Bacterial cultures were transferred to 200 nffolumn and the proteins extracted with the buffer
of M-one, and incubated at 30°C, 250 rpm in a ystem were tested for toxicity towards first instar

environmental incubator shaker for two days. Th&+ duinquefasciatugarvae. Five, first instaC.
final whole culture (FWC) was collected by cen-duinquefasciatusarvae were placed in each one
trifugation at 4°C, 9000 x g for 30 min. The result2f & 24 well plate with 1 ml of deionized water.
ing pellet was treated for 30 min with 1M NaCl, réatments were given to determine the;Gf
washed twice in distilled water, resuspended in §2ch one of the gel filtration fractions, and their
20 of the original volume with distilled water angMixtures. Each dose or pH extract was assayed
stored at -20°C until neede@. quinquefasciatus twice, and experiments were conducted in four dif-

in th ; field-coll fflerent days. Interactions petvveen the different pro-
used in these experiments were field-collected Iteins ofBtmedseparated in the Sephacryl S-200

the vicinity of Medellin, and were maintained un- .
der laboratory conditions at 30£2°C under a 12:1¢0/umn were evaluated according to the formula
(light:dark) photoperiod. escribed by Tabashnick (1992).
pH-mediated solubilization of crystalsFor Preparation of antisera againBtmedcrystal
proteins and Western bletPolyclonal antisera

solubilization assay, a universal buffer with cont” - tindividuaBtmedcrvstal protei
stant ionic strength at several pH values was prélgalns indlviduabimeccrystal proteins were pre-

: ared in mice by weekly intraperitoneal injections
e e et 1992). S8l broti racions separaied n 10% PAGE-SDS
with 400 pul of each one of the pH solutions of thcle:'rSt injection was given in Freund's complete ad-

. . Juvant, and other three injections in Freund’s
buffer system, ranging from 2.55 to 11.22, durin ’ . ;
24 hr, 30°C at 200 rpm. The solubilized proteinéé1Complet adjuvant. Crystal proteinsitined and

: ! o i i
were dialyzed against phosphate buffer salin tiwere separated in a 10% SDS-PAGE and trans

ferred to nitrocelulose paper. Western blot with
(PBS), (0.32 g NabPO, 1.18 gNaHPO,, 8.58 0  ,icara was performed by probing the membranes

NaCl, per liter, pH 7'2.)' The S.Olid ma;erial WaSyith antibodies raised againBtmed94, 68, and
collected by centrifugation, and its protein concensg i pa toic proteins, diluted 1:500 and incubated
tration was measured by Bradford’s methody zoc oyernight. Other incubations were performed

(Bradford 1976). Aliquots of 400 pl of the super-3¢ .oom temperature in TBS pH 7.4, using 3% gela-

natant were acetone-precipitated, and proteins wefg 55 blocking agent, and 0.05% Tween-20. For
separated on 10% sodium dodecyl sulfatgymynodetection, alkaline-phosphatase conju-
polyacrilamide gel by electrophoresis (SDS-PAGHated to Protein A was followed by a substrate/

acrylamide-bisN-N" acrylamide) (Laemli 1970).  ¢color system composed of naphtol phosphate/Fast
Gelfiltration - A sample of 12.5 mg of the solu- Req (Sigma Chemical Co.)

bilized preparation oBtmedcrystals purified by

sucrose gradient centrifugation was loaded on a RESULTS

Sephacryl S-200 column (1 x 0.05 m.). Fraction As a general trend, the alkaline treatment of
elution was performed in a buffer system as decP| of all threeBt subspecies evaluated in this
scribed by Thiery (1987), collected in 4 ml samplestudy, extracted higher amounts of proteins than
and absorbance measured atgymm. Fractions acid treatment. The solubilized CPIBfsubspe-
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cies evaluated in this study displayed hemolytiandBtm, the 68 kDa crystal protein was also ob-
activity. The CPI ofBti, Btm and Btmedsolubi- served when solubilization of the CPI took place
lized at pH 11.3 produced 100% hemolysis in sheegt pH values of 5.03 and 6.01 respectively (Figs
red blood cell, while at the pH below this value2B and 2C, lanes 6 and 7, respectively).
hemolysis was found between 0% and 30%. Un- Fractionation in Sephacryl S-200 of crystal pro-
treated FWC oBti, BtmandBtmed caused 20%, teins solubilized at alkaline pH showed three main
15% and 10% hemolysis respectively (Table I). peaks (Fig. 3A). Fraction 23 showed two protein
On SDS-PAGE, CPI from FWC d8tmed bands when analyzed in SDS-PAGE (Fig. 3B, lane
showed polypeptides of 90-100 kDa, multiple3), which migrated between 90 to 100 kDa, with
bands at 80, 75, 67,65, 40, and 28-30 kDa (Fighe most abundant protein component at approxi-
2A, lane 2). CPI from FWC d@ti andBtmshowed mately 94 kDa. For the larvicidal studies these frac-
mainly protein bands of 144, 135, 125, 67, and 28ons will be referred to as the 94 kDa protein. The
kDa when solubilized at pH values between 9.98&ain polypeptide present in fractions 24 through

and 11.3 (Figs 2B, 2C, lane 2). The optimal solu30 (lanes 4 to 10) migrated with a molecular weight
bilization of BtmedCPI takes place at pH 11.3 (Fig.

2A, lane 12), but crystal proteins could be observe

also at pH values from 4.1 to 9,98 (Fig. 2A, lane =}

5 to 11). When tested on a bioassay challengir ?
:
A

e T L 4

E
1stinstaiC. quinquefasciatuarvae, samples cor- :f: [
responding to lanes 6 to 11 (Fig. 2A), caused le:
than 62% mortality. Similarly t®tmed crystals
from Btm show solubilized proteins at pH values
between 4.1 and 11.3 (Fig. 2B, lanes 5t0 12); hov 1

ever, solubilized crystal proteins frddtmcaused ‘g; e .t
less than 50% mortality at pH values below 6.0 23 EE a0l A3 &M T4 ISE 905 RSE L3
and more than 80% at pH values higher than 7.0 pe

= ——

Larval mortality was 100% only when crystals were JE—— i — i
solubilized at pH values from 9.05to 11.3 (Fig. 1) e
In Bti, solubilized crystal proteins were observe

- .$'.li tality of first inst | i fasciat!
mainly at pH values between 9.05 and 11.3 (Fi ig. 1: mortality of first instaCulex quinquefasciatusrvae

Greated with the solubilized proteins at different pH values.
2C, lanes 10 to 12), however more than 90% MOBtmed: strain 163-131 oBacillus thuringiensissubsp.

tality of C. quinquefasciatukarvae was observed medellin Btm: strain PG-14 oBt subspmorrisoni Bti: strain
in pH values between 5.03 and 11.3 (Fig. 1Btin 1884 ofBt subspisraelensis

TABLE |

Protein concentration and hemolytic activity assaBadillus thuringiensissubsp medellin B. thuringiensis
subspmorrisoni andB. thuringiensissubspisraelensis at different pH values

Protein concentratiéh Hemolytic activity (%
(mg/ml)
pHC Btmed Btm Bti Btmed Btm Bti
2,3 <0,025 <0,025 <0,025 0 5 5
2,8 <0,025 <0,025 <0,025 5 5 5
4,01 <0,025 <0,025 <0,025 5 5 5
5,03 <0,025 <0,025 <0,025 5 5 5
6,01 <0,025 <0,025 0,06+0.02 5 5 10
7,04 <0,025 0,06+0.02 0,08+£0.01 5 5 15
7,98 0,06+0.02 0,05+0.02 0,08+0.02 5 10 10
9,05 0,10+0.02 0,05+0.02 0,08+0.01 5 10 10
9,98 0,09+0.01 0,08+0.04 0,10+0.01 10 30 10
11,3 0,30%0.06 0,29+0.10 0,36%0.10 100 100 100
FwWC 0,31+0.17 0,24+0.08 0,40+0.02 10 15 20

a: protein concentration measured by Bradford’s methodolubilized proteins tested by duplicate and repeated in
two different days;c: pH at which the CPI were solubilized. pH was adjusted to 7.2 before hemolysis tests were set;
Btmed:strain 163-131 oB. thuringiensisubspmedellin, Btmstrain PG-14 oB. thuringiensisubspmorrisoni,

Bti: strain 1884 oB. thuringiensisubspisraelensis FWC: final whole culture.
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Fig. 3A: elution profile of the alkali solubilizeBacillus
thuringiensissubspmedellincrystal proteins from a Sephacryl
S-200 column. Fig. 3B. SDS-10% PAGE, stained with
Coomasie Blue of fractions &@tmed crystal proteins eluted
from a Sephacryl S-200. Lane 1, molecular weight markers
indicated in kDa; lane 2 final whole culture Bfmedlanes 3

4 4 5 & 7 B 9 101N 1 through lane 12, fractions 23, 24, 25, 26, 27, 28, 29, 30, 31,

: . . 32, and 33 respectively. Fractions causing mosquito larval mor-
Fig. 2: SDS-10% PAGE, Coomassie blue stained gels of (ﬁhlity are indicated by a line.

Bacillus thuringiensisubspmedellin (B) Bt subspmorrisoni,
(C) Bt subspisraelensidfinal whole cultures treated at differ- TABLE Il

ent pH values. Lanes 1, molecular weight markers indicated )

in kDa, lanes 2 crystal proteins from (&),thuringiensisubsp. ~ Percent hemolysis of sheep red blood cells caused by
medellin (B), Bt subsp.morrisoni, and (C),Bt subsp. differentBacillus thuringiensisubspmedellincrystal
israelensis lanes 3 pH 2.3; lanes 4, pH 3.8, lanes 5, pH 4.1;  proteins separated in a Sephacryl S-200 column
lanes 6, pH 5.03; lanes 7, pH 6.01; lanes 8, pH 7.04; lanes §;

pH 7.98; lanes 10, pH 9.05; lanes 11, pH 9.98; lanes 12, pRraction Size of protein  Percent hemoljsis
11.3. number in kDa
. 20 94 0
between 66 and 68 kDa. Fractions 32 and 33 (lane§; 04 0
12 and 13) showed two main protein bands at ap», 94 0
proximately 28 and 30 kDa. Hemolytic activity was 23 94 0
mainly found in fractions containing the 28-30 kDa 24 94 0
proteins (Table II). 25 94 0
The mosquito larvae mortality results obtained 26 68 35
in the treatments with the fractions collected from 27 68 35
the Sephacryl S-200 column indicate that the 9428 68 60
kDa protein is perhaps the most important compo-22 68 100
nent of theBtmedtoxins with an LG, of 82.6 ng 32 gg:gg 188
of protein/ml (Table IIl). Proteins of 68 and 30 kDa 28-30 100
of Btmedhave LG of 1256 and 1948.5 ng/ml 33 28-30 100
respectively irC. quinquefasciatuirst instar lar- g4 28-30 100
vae. The effect of crystal protein mixtureBdined 35 28-30 100

was also evaluated in bioassays with mosquito lag= - : -
d results analyzed according to the formuf' solubl_llzed proteins tested by duplicate and repeated
vae, an ftwo different days.

described by Tabashnick (1992). Results indicate
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that the mixture of the 94 and 68, and 94 and 3€hown that the hemolytic proteinsRtimedare the
kDa proteins did not interact synergistically; howdow molecular weight components of the CPI. In
ever the 68 and 30 kDa proteins interact synergigarticular, it has been shown thaBitmed the 28-
tically. The mixture of the fractions containing the30 kDa protein is responsible for the hemolytic ac-
94, 68 and 28-30 kDa proteins produced a slighivity, and that the various degrees of hemolysis
increase in toxicity compared to the expected, buaused by the 68 kDa protein fractions could be
this could not be considered a synergistic effectue to contamination with small amounts of the
(Table 1II). 28-30 kDa protein during the gel filtration proce-
Crystal proteins oBtmed andBti were probed dures. In the pH mediated solubilization experi-
by Western blot with each one of the antisera raisadents with allBt strains tested, mortality and
in mice independently against the three main prdiemolytic activity increased with pH increase in
tein fraction ofBtmed(94, 68, and 30 kDa pro- the treatments. This indicate that most of the crys-
teins). The anti 94 kDa and the anti 68 kDa proteital proteins were solubilized at alkaline pH values.

did not recognize any of the crystal protein8tf Contrary to the data obtained by Koller et al.
while the anti 30 kDa recognized the 28 kDa prof1992) when working with CPI d8t varsan diego
tein of Bti (data not shown). we were unable to detect proteins in the acid ex-

traction treatments under pH of 4.01 in any of the
Bt strains tested. Gringorten et al. (1992) have dem-
TABLE Il onstrated that solubilized CPI froBt subsp.
] o kurstakirequired an alkaline environment in order
Observed and expected 24 hr mortality of first instarq yetain its full activity, however in our toxicity
C;Jhlﬁ)r(ir?;ig]r?sl,Jigizgls%gzjveﬁﬁngﬁﬁg%év;trﬁéigglr?: experiments, neutralization of the alkaline extrac-
tion treatments did not prevent expression of toxic

Toxin(s) LG, ng of protein/ml (proportions) activity as shown in Fig. 1.
(proportions) observed expecfed The role of the four major polypeptides
94 82.6 (CrylVA, CrylVB, CrylVD and CytA) ofBti in

the mosquitocidal activity has been controversial

12 L
gg 1922.5 (Wu & Chang 1985, Ibarra & Federici 1986,
94+68 (0.2:0.8) 430.4 (86.1:344.3) 326.9 Pfannenstiel et al. 1986, Visser et al. 1986, Thiéry

94+30 (0.18:0.82) 373.8(67.3:306.5) 384.6 1987). More recently, it has been demonstrated that
68+30 (0.42:0.58) 857.8(360.3:497.5) 1582.1 the CytA protein is not essential for larvicidal ac-
94+68+3(0.1:0.42:0.48851.8(35.3:147.7:168.8) 358.2  tivity on CulexandAededarvae (Delécluse et al.
a: calculated according to the formula described by-991) and that the CrylVA and CrylVB are respon-
Tabashnick (1992). sible, for a major part of the toxicity . pipiens
larvae in particular (Delécluse et al. 1991). Syner-
gism between CrylVA and CrylVB has been shown
DISCUSSION by Angsuthanasombat et al. (1992), Delécluse et
The C. quinquefasciatukarval mortality and al. (1993). However, analysis of the data from
sheep red blood cell hemolytic activity of tBeé  Chilcott and Ellar (1988) evaluated by the method
CPI solubilized under different pH conditions cor-of Tabashnick (1992), demonstrated that the 27
relates with the amount of protein extracted at eaddDa protein oBti interacts synergistically with the
particular pH value. We also observed a constaptoteins of 68 and 130 kDa. The effect of crystal
tendency in which larvicidal and hemolytic activ-protein mixtures oBtmedwas also evaluated in
ity of Bti crystal proteins were displayed at lowethioassays with mosquito larvae, and the results
pH values than iBtmandBtmed. analyzed according to the formula described by
The ability of the solubilized crystal proteinsTabashnick (1992). It became clear that the only
from Btmedto cause hemolysis suggests that moshixture that interact synergistically was that of 68
of the mosquitocidal strains Btidentified to date and 30 kDa proteins (Table IlI). The mixture of
contain cytolytic proteins (Thomas & Ellar 1983 the fractions containing the 94, 68 and 28-30 kDa
Gill et al. 1987). Furthermore, at leasBt, Btm  proteins produced a slight increase in toxicity.
and Btmed this biological activity is caused by  We have previously shown that differences in
proteins of low molecular weight (20-30 kDa). Inbiological activity ofBtmed, BtmandBti against
all the Bt subspecies that are active against mo€. quinquefasciatus, Anopheles albimanasd
quito at the ng/ml level, there is an immunologicahedes aegyptiould be due to the absence of the
cross reaction of the low molecular weight pro125-135 kDa proteins iBtmed,the presence of
teins. As in the case d@ti andBtm it has been the 94 kDa protein iBtmed the lack of immuno-
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