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Abstract 

A simple technique is described for the large scale purification of the B. thUringiensi3 var thwingiensis 
protein crystal. T.r..e method is based on the property of prefClcnti2l1 aggregaticlll of crystals and 1i'.eir 
",bsequent separation from the spores in a column containing 0'001 M NaH,PO., 0'4 M NaCI and 
10 per cent glycerol at pH 5'5. The separation of crystals from SPOrES is dependent on the conditions 
of pH, presence of sodium chloride in the culture medium as well as in the column buffer and 
presence and content of cellular debris in the spore crystal roixtUl'c. About 99 per cent pure crystal and 
I!IOTe preparations are obtained with high Yields. 

ley words: Parasporal crystal, a·endotoxin, crystal aggregation, spore.crystal complex (sec), 
spore.cryst.l IlliXture (scm), crystal recovery, BacilliJ.s thllrj11lljensjs var thllrjngjen.ris {B. t.t.,. 

1. Introduction 

Bacilhls thuringiensis is an economically important microbial insecticide and it shares 
the status of many chemical compounds that are used in controlling economically and 
biamedically important insects. The insecticidal principle resides in the parasporal 
protein crystal which is highly toxic when ingested by lepidopteran larvae'. However, 
efficient separation of spores from crystals is a prerequisite for studying the chemistry 
oftl!llC])'stal itself. The spores lind crystals can be efficiently separated from each other 
because of the differences in their density, surface properties and solubility. The earliest 
mothods 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 crysta.ls remained in the aqueous phase. Among the solvents 
employed are triftuorotrichloroethane', tetrabromometha.ne', carbontetra.chloride5, and 
chloroform". Unfortunately, the extractions have to be repeated several times to achieve 
ao:ceptable purity. Moreover, 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 overcome 
by the use of diphasic systems containing dextran sulfate 500 and polyethylene glvcol 
6,000; the spores preferentially enter the phase richer in polyethylene glycol','.' 

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

Probably the best method for the crystal preparation is isopycnic density gradient 
centrifugation in CsCl', or in certain X-ray contrasting agents such as Renografin"l-l'. 
Both these methods give crystal preparations of high purity. But the high cost and non
availability of CsCI and Renografin make these methods highly uneconomical. Also, 
the requirement for larger quantities of purified crystal for its ,biochemical characteri
zation make these methods time consuming as the teChnique cannot be used for large 
ssale purification. Nickerson ef all< have described an isopycnic zonal cenlrifugation 
method for the large scale purification of the ii-endotoxin crystals employing NaBr 
gradients in a Beckman J-2lB centrifuge equipped with a lCF-Z40-1900 titanium 
rolOr which cannot be used in other available centrifuges. This places a restriction on 
the general use of this method . 

. We Teport here a simple, rapid and inexpensive teChnique for the efficient separa. 
tion of the crystals and spores of B.I.!. based on the property of preferential aggrega. 
tion. of lb.e protein crystals under specifioo conditions. Large ql'.antilies of wlativel), 
pure crystah as well as spores can be obtained within a short time without the 
disadvantages of any of the eadier methods. This method yields 99 per cent pure 
crystals with about. 6() per cent crystal recovery. 

2. Metbods, results and discussion 

2.1. Procedure for sepIII'ation of crystals and spores 

Growth of the organism: B.f.t. is growll in nutrient broth cOlltainillg O· 3 to 0·4 per 
cem NaCL Presence of NaCI in the culture broth is found to be a prereqnisite for the 
phenomenon of preferelltial crystal aggregation to occur and th,ir subsequent separa
tion from tr~e spores. No crystal aggregation is observed w\len NaCI is omitted fwro 
the Dultient broth. The culture is grown for 72 hr at 30" C on a rotory shaler 
(250 rpm) and the spore-crystal complex (sec) is harvested by centrifugation in it SolVali 
GSA, rotor at 7,000 rpm for 10 min. The spore crys!al complex is washed twice by 
suspending in distilled water followed by centrifugation at 7,000 rpm for 20 nun. 

Lysis of the vegetative cells: The see has to be processed prior to the separation of 
crystals from spores. The vegetative cells, if any, in the sec are lysed by the following 
proced"re. The soc. is suspended in 1M NaCI containing 0·01 per cent Triton. X.IOO 
and magnetIcally stured at 0_5" C or at room temperature for 2 hT at an OD" •. = 
10'0. The homogeneous suspension is centrifuged at 7,000 rpm for 10 min in a Sorvall 
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GSA, rotor. The pellet is suspend~d in appropriate ~m~unt.of distilled water and 80ni

catOO 5 times, each of 30 sec duratlOn. The suspenslOn IS diluted and then centrifuged 
at 7,000 rpm for 15 mill· The pell,et is, resonicated and then centrifuged at 7,000 rpm 
for 20 min. The process is repeated once more but this time centrifuged for 30 min. 
It is observed that excessive or complete removal of cellular debris from the sec results 
in 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 
length of the run or the centrifugal force, as the centrifugation' of the 8pory-crystal sus
pension in distilled water results in slow pelleting. The spore-crystal mixture (scm) 
did not contain any vegetative cells at this stage. The lyophilized scin when solubilized 
in 0·0135 N NaOH, the OD"o of the supernatant is about o· 60 per mg dry weight 
per roL 

Z ,2. Separation of crystals from spores 

Step I: Initial separation 

The scm obtained from 6 litres of growth medium is suspended in appropriate amount 
of distilled water and sonicated 5 times each of 30 sec duration. The suspension is 
made 0·001 M in NaH,PO., 0·4 M in NaCI and 0,01 per cent in Triton X-IOO at an 
OD", = 5·0 and allowed to stand at 0 to 5° C in alL beaker. The crystals pre
ferentially aggregate under these conditions and the aggregates start settling at the 
bottom 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 times with distilled viater' and' each 
time centrifuged at 10,000 rpm for 10 min in an SS3. rotor and can be stored at - 20' C 
before further processing. 

Step II: F!Jla1 separation 

The fina.i ,step ~volves' the suspension: of the aboY\' gystal-rich fraction i,n tl)~' ~pen
sioh buffer A, which is 0·001 M in NaH,PO., 0·4 M in NaC!, 0',01 pe,r cent !n'Triton 
X-loo and 2 per cent in glycerol and sonicated. The firial "Suspension has an OD,'" .,. 5·g. 
About 30 rol of the crystal-rich suspension is then layered' on to the top ,of the sUl?l'ort" 
ing solution B, which is 0·4 M in NaCl and 10 per cent in 'glycerol 'in 11 'glass coltimn 
of 20 x 4 era ~Fig. 1), The crystal aggregates fall to the bott0lll; of the folumn,leaving 
the remaining spores at' the top of the column, The crysthls are colleC~ed through the 
outlet of the column, The process is repeated once or twice to achieve reasonable purity_ 
Finally, the crystals are collected and centrifuged, '"' 

'Step III: R~moval oj ,cellular, ~ebris , 

The :final crystal preparation coiJ.tains cellular <Lebris and, it mn:;t' be removed to obtain 
pure crystals, The debris can be removed by" sonication of the crystal fraction in distilled 
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Crystal-rich fracti()n c()ntaminated with S\lores 

Buffer A 
[0.001 M NaH,PO" 0·4 M NaCI, O·OJ per cent Triton X-IOO and 
2 per cent glycerol] 

S()lution B 
[0,4 M NaCI + 10 per cent glycerotl 

A~~'~' ---4- Crystal aggregates 

.. ' 
.. ~ .. ' 

Crystals 

I.I-.---Outlet 

FlO. 1. Final purification of crystals in a. glass column (20 x 4 em). 

wa.ter 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 SS •• rotor. Crystals form a compact pellet and the cellular debris 
remains in the supernatant which is removed by decantation. The process.is repeated 
5 to 6 times when almost all the debris has been removed. The pure crystal pr~.· 
,!ion is then lyophilized to constant weight and stored at -20' C. The overall procedure 
for the separation of crystals from sp'ores is represented in ~cheme 1. 

The purity of the crystal preparation is determined by the viable spore' count 
methodsU, 17, carbolfuchsin staining method'S, as well as by determining the protein 
Ioontent of the crystal preparation. 

The crystal preparation is suspended in distilled water, sonicated and plated on 
nutrient agar in serial dilution for the spore count. The results of the average vab1£S 
obtained in three independent experiments are reported, in Table 1. 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 protein content of the crystal preparation. 
The protein content of the final crystal preparation is comp~rabl~ to that of the crystal 
preparation obtained by Renografin density. gradient cent:lfugatlOn10 • Protein values 
obtained on various steps durIng crystal punficatlOn are given In Table II. 

In the spore fractions obtained during the initial separation of crystals (scheme 1) 
supernatant 00"0 of 0·2 to O' 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 

Lysis of _ 
vegetative 
cells 

Spore-erystal 
reparation 

ltep I 
.nitia! 
~tion 

Spore crystal complex ( sec) 
~ 

-Suspended in 1M NaCl containing 0·01 per cent 
Triton X-IOO at an OD". = 10·0 

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

~ 

Suspend the pellet in distilled water, sonicate 5 times of 30 sec each 
1 
-!. Dilute and centrifuge at 7 K for 15 min 

_Resuspend the pellet, sonicate, and centrifuge at 7 K for 20 min 

J 
t Repeat once again and centrifuge at 7K for 30 min 

The pellet (scm) 
J . 
-!. Suspend In small amount of water and sonicate 

-Make the suspension 0·001 Min NaH,PO., 0·4 Min NaCI and 
0·01 per cent in Triton X-IOO at an 00600 = 5·0 

I 
I Allow to stand at 0_5' C, for 2 hr 

.j. 

.j. 
Sediment 
(crystal rich fraction) 

.j. 

.j. 
Supernatant 
spore rich fraction 

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

.j. 
Sediment 

_(crystal fraction) 

SCHIlMII 1 (Contd.) 

.j. 
Supernatant 
spore fraction 
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Sediment 
(crystal fraction) 

~ 
-Suspend in water, sonicate, centrifuge at 

10 K for 10 min (repeat 3 times) 
~ 

Snspend the crystal fraction in buffer A, 
and sonicate. Final OD"o = 5·0 

I 
t 

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

__ J_ 
-I 

Crystal sediment 
at the bottom 

--~--I 

Spores on top 

I Collect tbrougb. outlet 
~ 

Repeat the process 2 times more 

I Centrifuge 
~ . 

_Final crystal preparation 
t 

r
snspend in water, sonicate, centrifuge at 
4 K for 10 min (repeat 5-6 times) 

t 
~ ~ 

Pellet Supernatant 
(pure crystals) (debris) 

t 
_Lyophilized and stored at - 20° C. 

Sc1IEME 1. Purification of parasporal crystals of B. t.t. 

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

The applicability of the technique, developed for the purification of crystals of B. 1./. 
to the purification of crystals of other varieties of B. thuringiensis has been investi
gated. The results are shown in Table III. 

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

The effect of the concentration of NaH,PO, and that of NaCI, effect of comhination of 
both NaH"pO. and NaCI and the effect of Triton X·100 on the crystal aggregation has 
been inve&igated. pH as well as the ionic strength of the suspension buffer affects the 
preferential crystal aggregatiou. Incre&se in pH beyond 5·5 reslllts in thc loss of (he 
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Table I 

Pmity of crystal preparations by spore-count method 

Per cent 
Si. Initial count (a) Final count (b) purity of 
No. crystals 

m 1130 X 106 0·29 x JOG 99·03 

Oil 30 x 10' 0·31 X 10. 98·97 

(iii) 30 x 10· 0·30 X 10" 99·00 

Per cent 
crystal 
recovery (C) 

58 (29) 

60 (30) 

60 (30) 

l00mg by dry weight of B.t.t.scmistakcn in each of the tlrree experiments. Tbe per cent purity of the 
cij'Stals is estimated by the viable spore count metbodl1• 17 and by carbolfuchsin staining method11!l. 

1-2 spores per 100 crystals were observed with phase contrast optics in the latter method. 
(.a)JlIitiaJ count is the spore count of scm per mg dry wejght. 
(b) Fwd coUnt IS the spore count of pure cry,tal preparatIOn per mg dry weight. 

fc) Percent crystal recovery: Ignoring the content of debris it h assumed tr.at 100 mg of scm contains 
50 mg of spores and 50 mg of crystals. 

Actual crystal recovery 
Per cent crystal recovery = x 100 

t (wt of scm started With) 

But, in practice, most of the debris comes into the crystal fraction. The actual final recovery of crys
~ indicated in parenthesis, is estimated after removal of the cellular debris and lyophilization to con
lIallt weight. 

preferential crystal aggl"egation, although one can find non-specific aggregation between 
crystals and spores above 0 ·005 M buffer solutions. Sodium chloride alone can Cause 
crystal aggregation but the spore contamination is high. Below pH 5 ·0, the crystals 
got deformed with the resnltant fusion of crystals on repeated separations. 

The OD600 at which the scm is suspended affects the pu~ity of the final crystal prepa
ration. Separations at high concentrations of scm result in high contamiriation of 
crystal preparation with spores. The crystal purity and crystal recovery have been 
estimated under various conditions of pH, salt concentration and the concentration of· 
scm, the detail results of which are summarized above but not' ·presented here. In all 
Ille purification steps, maximal pure crystal preparation, withoutaffectingtne crystal 
<tructure,. has been achieved when the scm is suspended at an OD","= 5·0 in a solu
lion which is 0·001 M in NaH.PO., 0·4 Min NaCI andY·Ol ~er ceut i1lTrit\l1l X-IOO .. 
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Table II 

Purity of crystal preparations by protein estimation 

Prepalation 

scm 
Cr' 
CT~ 

Cr" 
Cr4 
Cr' 
Crystal, by 
Renografin method 

OD2.80 per 
mg dry wt 
perml 

0-60 
0-73 
0-85 
0-98 
I-OZ 
1-06 

1-10' 

] mg of the lyophilized sample is solubilized in 1 ml of O' 0135 N NaOH for 5 hr and centrifuged~ The 
OD2S0 of the supernatant is measured to give the protein content of the preparation. Debris is removed 
from the cl'Ystal fractions but not from the scm. 

Cr1-crS = Crystal preparation after ith step of separation. 

+ = Value observed earlier by Y. I. Sr_ettma While working at the Biological Research UIlit~ 
U.S. Grain Marketing Research Centre, Manhattan, Kansas 66502.. U.S,A. 

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

BacilJus thllfingiertsis Initial count Final coUllt Per t;ent Pcr cent 
var xlO'jmg xJO'jmg vrystal crystal 

purity recovery 

(i) thuringiensis 30 0-30 99·00 59 
(ii) sorto 25 I-55 93- 80 35 

(iii) galle-riae 23 I- 3 94-35 30 
(iv) kenyae Z7 ZoO 92-65 Z7 
(v) tolwortlr ~2 3- 15 85- 6& 11 
(vi) kllY3taki 24 3-25 86-46 9 
(vti) entoTtJOcidlis 21 3-55 83·17 5 

Each experiment is. st.:ii.·wd with 100 mg by dry welgl1.i of ti-'.e lesptchvc ::;em. Tr.e figures in cae!'. c.ase 
Te~t thl!l average of three independent determinations. Crystals of B. thuringiensis var alesti. 
var dendtolirnll$. var subtoxicliS. var ajzawai and vaT morrisonj do not aggregate under these conditjons. 
The very little sediment obtained could not be further purified. 

The strairu; used have been obtained from Dr. E. Afrikain, Director, Institute of Miaobiology. 
Abovian City. Armenian SSR., USSR.. 
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Surface crystal antigens as well as the charges on the crystal snrface may playa role 
in the phenomenon of crystal aggregation. Lowering the pH, at a suitable ionic 
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 occnr
rence of aggregation of crystals of different varieties of B. thuringiensis with their known 
crystal antigens" 15, 16 in order to elucidate whether surface crystal antigens influence 
the phenomenon of aggregation (Table IV). It appears that the crystal antigens are 
not the sale 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 und,er the same conditions. Diffe
rent varieties of B. thuringiensis may require modified conditions n~der which the pheno
menon of crystal aggregation can be observed. The non-applicability of these condi
tions for varieties other than B.t.t. may be due to the differences in the structure, confor
mation and surface antigens of the crystals. 

Table IV 

EJfect of crystal antigens on the phenomenon of aggregation 

1. tluIringiensis var 

IInIriJlglensis 

101/0 

griJeriae 

kln}'ae 

"""'rib 

blnloki 

_Cicius 

AXicUs -tIenirolimus 

oIe&tt 

Crystal an.tigen 
(Ref. 3,15,16) 

ad i 

fh 

a c 

a 

g 

di 

h i 

Aggregation 

++ 
+ 
+ 
+ 
± 
± 
± 

++ = 99 per cent purity and about' 60 per cent crystal reCQveIY~ 
+ = 9{)...95 per cent purity and' about 25-35 per cent crystal recovery. ' 
± = 8Q.....85 per cent purity and about 5-10 per cent crystat recovery. 
- = No significant crystal aggregation. 

USc.-2 
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