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Abstract

A simple technique is described for the large scale purification of the B. thuringiensis var thuringiensis
protein crystal. The method is bassd on the property of prefeientizl aggregation of crystals and their
subsequent separation from the spores in a columr rontaining 0-001 M NaHpPOy, 0-4 M NaCl and
10 pez cent glycerol at pHL 5-5. The separation of crystals from spores is dependent on the conditions
of pH, presence of sodium chloride in the culture medjum as well as in the column buffer and
presonce and content of cellular debris in the spore crystal mixture. About 99 per cent pure crystal and
spore preparations are obtained with high yields.

Beywords: Parasporal crystal, J-emdotoxin, crystal aggregation, spore-crystal complex {sce),
spore-crystal mixture (sem), crystal recovery, Bacillus thuringiensis var thur {B.1.1.).

1. Introduction

Bacillus thuringiensis is an economically important microbial insecticide and it shares
the status of many chemical compounds that are used in controlling economically and
biomedically important insects. The insecticidal principle resides in the parasporal
protein. erystal which is highly toxic when ingested by lepidopteran larvael, However,
efficient separation of spores from crystals is a prerequisite for studying the chemistry
of the crystal itself. The spores and crystals can be efficiently separated from each other
because of the differences in their density, surface properties and solubility. The earliest
methods for obtaining pure crystals relied on spontaneous germination and autolysis
of spores, followed by repeated differential centrifugation of crystals®s, These tech-
niques were followed by several diphasic systems in which organic solvent emulsions
were formed. The crystals remained in the aqueous phase.  Among the solvents
employed are trifluorotrichloroethane?, tetrabromomethane?, carbomtetrachlorides, and
chloroform®, Unfortunately, the extractions have to be repeated several times to achieve
aceptable purity. Moareover, the yields are very low and the danger of crystal modi-
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fication by the organic solvents is ever present. The last objection has been overcon
by the use of diphasic systems containing dextran s.ulfate'SOO and polyethylene glycgj
6,000 ; the spores preferentiaily enter the phase richer in polyethylene glycofts,

The above methods are very laborious and time consuming with very low erysial
yields and loss of spores which cannot be recovered from the organic phase.

Probably the best method for the crystal preparation is isopycnic density gradiens
centrifugation in CsCI?, or in certain X-ray contrasting agenis such as Renografinti-is,
Both these methods give crystal preparations of bigh purity. But the high cost and nog.
availability of CsCl and Renografin make these methods highly uneconomical, Also,
the requirement for larger quantities of purified crystal for its biochemical character-
zation make these methods time consuming as the technique cannot be used Tor large
scale purification. Nickerson ef al't have described an isopycnic zonal centrifugation
method for the large scale purification of the J-endotoxin crystals employing Nabr
gradients in a Beckman J-21B centrifuge equipped with a JCF-Z40-1900 titanium
rotor which cannot be used in other available centrifuges. This places a restriction on
the general use of this method.

"We report here a simple, rapid and inexpensive lechnique for the efficient separa.
tion of the crystals and spores of B.r.t. based on the property of preferential aggregs-
tion of the protein crystals under specified conditions. Large quantilies of 1elatively
pure crystals as well as spores can be obtained within a short time without the
disadvantages of any of the earlier methods. This method yields 99 per cent puwe
crystals with about 60 per cent crystal recovery.

2. Methods, results and discussion
2.1. Procedure for sepavation of crystals and spoves

Growth of the organism :  B.Lt. is grown in nutrient broth containing 0-3 to 0-4 yer
cent NaCl. Presence of NaClin the culture broth is found to be a prerequisite for the
phenomenon of preferential crystal aggregation to occur and their subsequent separa-
tion from the spores. No crystal aggregation is observed when NaCl is omitted from
the uuient broth. The culture is grown for 72 hr at 30°C on o rotory shaker
(250 rpm) and the spore-crystal complex (scc) is harvested by centiifugation in a Sowvall
GB8A, rotor at 7,000 rpm for 10 min. The spore crystal complex is washed twice by
suspending in distilled water followed by centrifugation at 7,000 rpm for 20 min. .

Lysis of the vegetative cells : The s:c has to be processed prior to the separation of
crystals from spores. The vegetative cells, if any, in the scc are lysed by the following
procedere. The scc is sespended in IM NaCl containing 0-01 per cent Triton X-100
and magnetically stisred at 0-5° C or at room temperature for 2 hr at an ODgpu =
10-0.  The homogeneous suspension is centrifiiged at 7,000 rpm for 10 min in a Sorvall
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G8A, rotor.  The pellet is suspendf:d in appropriate amount of distilled water and sonj.
aated 5 times, each of 30 sec duration. The suspension is diluted and then centrifuged
at 7,000 rpm for 15 min. The pellet is resonicated and then centrifuged at 7,000 tpm
for 20 min. The process is repeated once more but this time centrifuged for 30 min.
It js observed that excessive or complete removal of cellular debris from the scc results
ia the loss of the phenomenon of preferential crystal aggregation. Care must be taken
to avoid the excess loss of cellular debris during centrifugation either by increasing the
fength of the run or the cenirifugal force, as the centrifugation of the spore-erystal sus.
pension in distilled water results in slow pelleting. The spore-crystal mixture (scm)
d&id not contain any vegetative cells at this stage. The Iyophilized scin when solubilized
i 0-0135N NaOH, the ODy, of the supernatant is about 0-60 per mg dry weight
per ml. - o S .

1.3, Separation of crystals from spores

Swep I: Initial separation

The sem obtained from 6 litres of growth medium is suspended in appropriate amount
of distilled water and somicated 5 times each of 30 sec duration. The suspension is
made 0-001 M in NaH,PO,, 04 M in NaCl and 0-01 per cent in Triton X-100 at an
0ODgp = 5-0 and allowed to stand at 0 to 5° C in a 1L beaker. The crystals pre-
ferentially aggregate under these conditions and the aggregates start settling at the
hottom of the beaker. After 2 hr, the supernatant rich in spores is decanted and centri-
fuged to recover spores. The sediment rich in crystals is resonicated and again sus-
pended in the above suspension buffer. The process is repeated 3 times and the crystal
rich fraction is centrifuged.” The pellet is washed 3 tirnes with disfilled water and each
time centrifuged at 10,000 rpm for 10 min in an SS,, rotor and can be stored at — 20°C
before further processing.

Step I Final separation

Tee final step involves the suspension of the above crystal-rich fraction in the"supen-
sion buffer A, which is 0-001 M in Na¥,PO,, 0-4 M in NaCl, 0:01 per cent in Triton
X100 and 2 per cent in glycerol and sonicated. The final suspension has an ODyg,, = 5-0.
About 30 ml of the crystal-rich suspensionis then layered on to the top,of the support-
ing solution B, which is 0-4 M in NaCl and 10 per cent in ‘glycerol-in a ‘glass column
of 20 x 4om (Fig. 1). The crystal aggregates fall to the bottom of the column leaving
the remaining ‘spores at the top of thé column. The crystals are collected through the
outlet of the column. The process is repsated once or twice to achieve reasonable purity,
Finally, the orystals are collected and centrifuged. ’

Step IIT Removal 6f.cellul;zriz{¢bris e

The final crystal preparation contains cellular debris and. it must be removed 1o obtain
pure crystals. The debris can be removed by sonication of the crystal fraction in distitied
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Crystal-rich fraction contaminated with spores

Buffer A .
[0-001 M NaH:PO,, 0-4 M NaCl, 001 per cent Triton X100 and
2 per cent glycerol]

4—— Solution B
[0-4 M NaCl + 10 per cent glycerotl

“ ol Crystal aggregates

Crystals

Qutlet
Fio. 1. Final purification of crystals in a glass column (20 X 4 tm).

water followed by differential centrifugation. The crystals are suspended in distilled
water and sonicated 5 times, each of 30 sec duration, and centrifuged at 4,000°rpm for
10 min in a Sorvall 88y, rotor. Crystals form a compact pellet and the cellular debris
remains in the supernatant which is removed by decantation. The process.is repeated
516 times when almost all the debris has been removed. The pure crystal prepara-
tion is then lyophilized to constant weight and stored at —20° C, The overall procedure
for the separation of crysti}IS from spores is represented in scheme 1.

The purity of the crystal preparation is determined by the viable spors’ count
methods™ ™7, carbolfuchsin staining method®, as well as by determining the protein
content of the crystal preparation.

The crystal preparation is suspended in distilled water, sonicated and plated o
nutrient agar in serial dilution for the spore count. The results of the average valus
obtained in three independent experiments are reported in Table L It is observed
that in all cases 99 per cent purification of crystals is obtained.
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The crystal purity is also measured by the prc?tein content of the crystal preparation.
The protein content of the final crystal preparation is comparable to that of the crystal
preparation obtained by Renografin density gradient centrifugation'. Protein values
obtained on various steps during crystal purification are given in Table II.

In the spore fractions obtained during the initial separation of crystals (scheme 1)
supernatant ODgg, 0f 0-2 to 0-25 is observed on dissolving 1 mg of spore fraction in
0-0135 N NaOH for 5 hr after removal of debris. Microscopic examination of these
spore fractions after staining with basic carbolfuchsin showed the presence of one to two
crystals per 100 spores, representing 98-99 per cent pure spore preparations. As our

Spore crystal complex (sec)
1

Suspended in. 1M NaCl containing 0-01 per cent
Triton X-100 at an ODge, = 10-0

Stir magnetically for 2 hr and
centrifuge at 7 K for 10 min

Lysis of _ i
vegetative
cells Suspend the pellet in distilled water, sonicate 5 times of 30 sec each

| Dilute and centrifuge at 7K for 15 min
__Resuspend the pellet, sonicate, and centrifuge at 7 K for 20 min

1

| Repeat once again and centrifuge at 7K for 30 min

Spore-crystat The pellet (scm)
separation
1 Suspend in small amount of water and sonicate

™ Make the suspension 0-001 M in NaH,PO,, 0-4 M in NaCl and
0-01 per cent in Triton X-100 at an ODggp = 5+

JI' Allow to stand at 0-5°C, for 2 hr

Step I 4 4
nitial Sediment Supernatant
eparation (crystal rich fraction) spore rich fraction

Resonjcate and resuspend in the
above solution (repeat 3 times)

4 )
Sediment Supernatant
__(crystal fraction) spore fraction

ScHEME 1 (Contd.)
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Sediment
(crystal fraction)
L

Suspend in water, sonicate, centrifuge at
10K for 10 min (repeat 3 times)

!
Suspend the crystal fraction in buffer A,
and sonicate. Final ODggy = 5:0

1

2
Layer on the top of solution B, in a column
of 20 x 4om. Allow for 2 hr

Step II b
Final 1
separation Crystal sediment Spores on top

at the bottom
| Collect through outlet
Repeat the process 2 times more

Centrifuge

4 .
__Final crystal preparation
{
Suspend in water, sonicate, centrifuge at
4K for 10 min (repeat 5-6 times)
{

Step III 1
dReel;?ic;val of Pellet Supernatant
(puze crystals) {debris)

{
|__Lyophilized and stored at —20° C.

ScuemE 1. Purification of parasporal crystals of B.r.r.

main objective was to purify the crystals, further purification of the spore fractions was
not attempted. .

The appl.icability of the technique, developed for the purification of crystals of B. ¢4
to the purification of crystals of other varieties of B. thuringiensis has been investi-
gated. The results are shown in Table II1.

2.3. Effect of pH and salt concentration on the phenomenon of crysial aggregation

The effect of the concentration of NaH,PO, and that of NaCl, effect of combination of
both SQHJ 0, and NaCl and the effect of Triton X-100 on the crystal aggregation has
been Investigated. pH as well as the ionic strength of the suspension buffer affects the
preferential crystal aggregation, Inerease in pH beyond 5-5 results in the loss of the
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Table I

Puity of crystal preparations by spore-count method

Per cent 0 Per cent

S [gjtial count @ Final count ) purity of crystal
3 crystals recovery (©)
0 Pax10s 029 x 108 99-03 58 (29)
i) 30 x 108 0-31 x 108 98-97 60 (30)
i) 30 x 108 0:30 x 108 99-00 60 (30)

190 mg by dry weight of B. r.r.scm js taken in each of the three experiments. The per cent purity of the
wstals is estimated by the viable spore count method'»1? and by casbolfuchsin staining method!s.
1~2 spores per 100 cyystals were observed with phase contrast optics in the latter method.

{a) Injtial count is the spors count of scm per mg dry weight.

{9} Final count 15 the spore count of pure crystal preparation per mg dry weight.

(e} Per cent crystal recovery : Ignoring the content of debris it is assumed that 100 mg of scm contains
50 mg of spores and 50mg of crystals.

Actual crystal recovery
x 100

Per cent crystal recovery =
% (wt of scm started with)

Bet, in practice, most of the debris comes into the crystal fraction. The actual fnal recovery of crys-
ab, indicated in parenthesis, is estimated after removal of the cellular debris and lyophilization to con-
sant weight,

preferential crystal aggregation, although one can find non-specific aggregation between
aystals and spores above 0-005 M buffer solutions. Sodium chloride alone can cause
orystal aggregation but the spore contamination is high. Below pH 5-0, the crystals
ot deformed with the resultant fusion of crystals on repeated separations.

I_‘he ODyg,," at which the scm is suspended affects the purity of the final crystal prepa-
rton, Separations at high concentrations of scm result in high contamination of
ﬂy‘stal preparation with spores. The crystal purity and crystal recovery bave been
estimated under various conditions of pH, salt concentration and the concentration of:
%, the detail results of which are summarized above but not presented here. In ail
the purification steps, maximal pure crystal preparation, without affecting the crystal
EFl'ucmm,_ has been achieved when the scm is suspended at an ODygoo= 5-0 in a solu-
tieh which is 0-001 M in NaH;PO,, 0-4 M in NaCl and 0-01 per cent in Triton. X-100. .
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Table 1

Purity of crystal preparations by protein estimation

Preparation ODyg, per
mg dry wt
pesr ml

scr 0-60

Cr? 073

Cr* 0-85

Cr* 0-98

Crt 1-02

Cr® 1-06

Crystals by

Renografin method 1-10%

1 mg of the lyophilized sample is solubilized in 1 ml of 0-0135 N NaOIH for 5 br and centrifuged. The
0D, , of the supernatant is measured to give the protein content of the preparation, Debris is removd
from the crystal fractions but not from the scm.
CrCr® = Crystal preparation after ith step of separation.
-+ = Value observed earlier by Y. 1. Skethna while working at the Biological Research Unit,
U.S. Grain Marketing Research Centre, Manbattan, Kansas 66502, U.S.A.

Table 1T

Applicability of the purification procedure to other varieties of B. thuringiensis

Bacillus thuringiensis Injtial count Final count Per cent Per cent
var x106/mg x108/mg erystal crystal

purily TECOVErY
(i) rhuringiensis 30 0-30 99-00 59
(ii) sorre 25 1-55 93-80 35
(iil)  galleriae 23 1-3 94-35 30
(iv) kenyae 27 2-0 92-65 27
) tolworth 22 315 85-68 11
(Vi) kurstaki 24 325 86-46 9
(vii)  entomocidus 2l 3-55 83-17 5

Each experiment is stavted with :00 mg by dry weight of the respective sem. Tre figures in cach case
represent the average of three independent determinations. Crystals of B. rhuringiensis var alest.
var dendrolimits, var subtoxicis, var aizawai and var morrisoni do not aggregate under these conditions.
The very little sediment obtained could not be further purified.

The strains used have been obtained from Dr. E. Afrikain, Director, Institute of Micrebiologs.
Abovian City, Armenian SSR, USSR.
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Surface orystal antigens as well as the charges on the crystal surface may play a role
in the phenomenon of crystal aggregation. Lowering the pH, at a suitable fonic
strength provides the best conditions for the preferential aggregation of crystals which
may be due to the interaction between the crystal antigens. We compared the occur-
rence of aggregation of crystals of different varieties of B. thuringiensis with their known
crystal antigens® 1% 16 in order to clucidate whether surface crystal antigens influence
the phenomenon of aggregation (Table IV). It appears that the crystal antigens are
ot the sole determinants of the property of aggregation.

Only B. thuringiensis var thuringiensis could give the best results under these condi-
tions. While this method is partially successful with a few varieties, a few others tested
did not show the phenomenon of crystal aggregation under the same conditions. Diffe-
rent varieties of B. thuringiensis may require modified conditions uader which the pheno-
menon of crystal aggregation can be observed. The non-applicability of these condi-
tions for varieties other than B.r.f. may be due to the differences in the structure, confor-
mation and surface antigens of the crystals.

Table IV

Effect of crystal antigens on the phenomenon of aggregation

B. thuringiensis var Crystal antigen Aggregation
(Ref, 3,15, 16)

daringiensis . adi ++

=tlo ¢ -+

pdleriae fh -+

femyae e -+

tabvorth e +

kurstaki +

exmocidus ac +

abtoxicus a -

Torrisoni g -

dendrolimus di -

dhest} hi -

4+ = 99 per cent purity and about 60 per cent crystal recovery.
+ = 90-95 per cent purity and ‘about 25-35 per cemt crystal recovery. '
% = 80-85 per cent purity and about 5-10 per cent crystal Yecovery.

No significant cxystal aggregation.
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