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The effect of complex carbon and nitrogen, salt, Tween-80 and
acetate on delta-endotoxin production by a Bacillus
thuringiensis subsp kurstaki

N Zouari and S Jaoua

Centre de Biotechnologie de Sfax, BP ‘K’, 3038 Sfax, Tunisia

Delta-endotoxin production by a strain of Bacillus thuringiensis ~ subsp kurstaki on complex media based on crude
gruel and fish meal was investigated. High proteolytic activities were concomitantly produced with the bioinsecti-

cide. In such complex media, the repressive regulation due to readily consumed carbon sources was partially over-

come. In order to improve substrate assimilation, 0.5gL -1 sodium chloride and 0.1% Tween-80 were supplemented

to the production medium, increasing delta-endotoxin yields when using gruel concentrations below 59 g L -1 At
and beyond 75 g L ~* gruel, delta-endotoxin yields were not affected in the presence of 0.5 g L ~1 NaCl and 0.1% Tween-
80, but proteolytic activity yields were remarkably reduced. Thus, the use of sodium chloride and Tween-80 allowed
reduction of the initial gruel concentration to 42 g L -1 for the production of 3350 mg L ! delta-endotoxin, while it was
only 3800 mg L ~* with 92 gL ~* gruel. Moreover, similar to 0.5gL ~* NaCl and 0.1% Tween-80, the use of 10gL *
sodium acetate significantly improved delta-endotoxin production and also reduced the proteolytic activity to

250 Uml™,
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Introduction media based on complex substrates such as corn steep

Bacillus thuringiensis (Bt) is a Gram-positive, spore- liquor [4], peptones [16] blackstrap molasses and Great

forming, insecticidal crystal protein-producer. The crystalsNorthern White Bean concentrate [8] are efficient for Bt

are composed of proteins named delta-endotoxins Whicﬁ:ac’s'nsfggﬁf:ds SL?S]UC{L?Q’ ?g\t&ttrr:ir?:lli oifnh%de:o;);tsl?nifatllt\i/gn
exhibit larvicidal toxicity upon ingestion by susceptible » P 9 9 ycle,

) . ; LI .=~ of complex carbon or nitrogen sources was not elucidated.
insect larvae, dissolution and activation by larval gut-juice P g

proteases [1]. Delta-endotoxins are synthesized concomE'S(\:é%Vgr’ ;vierl]:gt%ﬁc htahrjrcirt]eri'gﬁgi ;hkeugggifaﬂ?tgﬁgg pro-
tantly with sporulation. The bioinsecticide is composed of y ' g !

spores and crystals. Bt represents 90% of the bioinsectici v?a]illacka)lrgeilr'] ?arcghee?q%;rﬁ_iggzdulici;r?frr?gzglm#gg E)aecggnv?/isdellsy
used for the control of pests in agriculture, forestry and . : .

veterinary medicine [8]. In previous work [17], we investi- usﬁ]d (?r?jear r,:gr%%g?cgmgcgaﬁgﬁtcg& %%Tit;gnrélfg.ssion we
gated the nutritional requirements of a newly isolaid P '

SN S ; . opted for the combination of crude gruel and fish meal for
thuringiensissubspkurstaki which is toxic to Lepidoptera the formulation of media supporting growth, sporulation

fjsn ﬂgﬁgﬁ’; dCergtSrl(Jeltsd)e I?I'Ir?faescehn?(leos%lﬁs dih%ﬁé’d ng'\iﬁ’ nd delta-endotoxin production. First, we determined the
P ' %roduction of extracellular proteolytic and amylolytic

mgr”t:rﬂgl nI;wcl)taélr?nsséutraggscglrl]yi/ncr)e?(t:%d rfgedogggglc(i: ag(rjtectivities by strain BNS3 on several media used for delta-
9 9 ' + Pt L dotoxin production. Since we observed overproduction

cularly, carbon metabolic repression which regulated toxin f proteolytic activities by our strain when it was grown

production. Gruel hydrolysate, prepared by alpha-amylas . A
uction, but in order to improve the final concentration o

delta-endotoxin, it is important to overcome the repressivén;[::jfgl:“lﬂgncsoencé'igfﬁs‘\)Ar/ﬁ?jclﬁ]cﬁgjdnlj c'\e/l('[)igioﬁrt'egetig];i;s;—
regulation. One way could be to use complex substrateg b Y

assimilation. This alternative could be useful because it is ' y

: . approach of Donovaet al [3] who improved crystal pro-
well-known that bacteria related to the gerBacillus pro- in stability and yield by genetic deletion of specific pro-
duce many hydrolases such as proteases and amylases [igr es from genetically modifigdl thuringiensis
which are involved in assimilation of proteins and starch-
based compounds, respectively [11]. Moreover, several

Materials and methods
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isolated at our Institute according to Jacetaal [5]. This  Biomass and delta-endotoxin determination

strain was selected for large-scale production of bioinsectiAfter 72 h, the cultures contained a mixture of spores, crys-
cides because of its high toxicity to Lepidopteran insecttals and minor cell debris. The number of spores was esti-
larvae, includingPrays olea Ephestia kuehniellaSpodop- mated by colony forming units (CFU), at the end of the
tora exiguaand Ostrinia nubilalis (S Tounsi, Centre de experiments. Samples were heated &C7€r 10 min and
Biotechnologie de Sfax, Tunisia, unpublished results). Theppropriate dilutions were plated on solid LB medium [15].
nutritional requirements of this strain were studied [17].Delta-endotoxin was determined as follows [17]: 1 ml of
The acrystalliferous strain BNS3 cryspo was obtained culture medium was centrifuged for 10 min at 10 009

by plasmid curing from the wild strain BNS3 (S Tounsi, and the pellet was washed twice with 1 M NaCl and twice

unpublished results). with distilled water. The pellet was then suspended in
1000wl of 50 mM NaOH (pH 12.5). After 3 h incubation
Gruel and fish meal sources at 30°C, total proteins in the supernatant were measured

Gruel was obtained from a local semolina factory pro-using Bio-Rad reagent (Bio-Rad Protein assay, cat. 500—
cessing durum wheat to produce mainly 65% semolinaD006, Minchen, Germany). The acrystalliferous strain
10% flours, 14% gruel and other by-products. Gruel conBNS3 cry spd, obtained by plasmid curing from the wild
tained 60% starch, 5% other carbohydrates, 1.5% cellulosgtrain BNS3 was used as a negative control in order to take
and 12% gluten. Fish meal was obtained from the Officénto account contaminating dissolved proteins from spore
National de la Pehe, Mahdia, Tunisia. It contained 43% coat, cell debris and particulate or insoluble matter. The

proteins. negative control value was determined for every experiment
related to each cultivation condition. We considered the
Bioinsecticide production effect of growth conditions on insoluble protein content and

The strain was grown in liquid media under conditions opti-thus the contribution of particulate matter to the protein
mized for delta-endotoxin production [17]. The carbonlevels measured. Moreover, the high purity of the crude
source was either total sugars from gruel hydrolysate presolubilized crystal proteins from gruel- and fish meal-based
pared according to Zouast al [17] or from crude gruel med@ was proven by SDS-PAGE analysis as de.scrlbed by
(Table 1). The media also contained ammonium sulfateZouari and Jaoua [18]. We showed by Coomassie blue gel
yeast extract and fish meal as indicated in the Results segoloration that the electrophoretic pattern contained only
tion. The following minerals were used (g%): KH,PO,  the two expected major bands, corresponding to the pro-
1; K,HPO,, 1; MgSQ, 0.3; MnSQ, 0.01 and FeSQ0.01.  toxin and the acpvated toxin forms of BNS3 delta-endo-
The pH was adjusted to 7 before sterilization. In each shaktoxins [18]. Statistical treatment of the results showed
flask, 1 g of CaC@Qwas added for pH stabilization. Carbon maximal deviations of 5%. The presented values are the
source and CaCOwere sterilized separately. Inoculated average results qf three determlnatlons_, fo_r two separate
flasks, containing 50 ml of culture medium, were incubatecEXPeriments carried out for each cultivation condition.

72 h at 30C in a rotary shaker set at 200 rpm. Delta-endotoxin production was calculated as: delta-endo-
toxin (mg L™) divided by the initial gruel concentration
-1
Supplemental sodium chloride, Tween-80 and QL™.

sodium acetate

The strain was grown in the crude gruel media as indicate X Y . . .
in the Results section. Sodium chloride, Tween-80 roteolytic activity was determined according to Kt_ambhaw
(polyoxythelene sorbitan monostearate for bacteriology®t @l [6]: 1% of casein substrate was prepared in 0.1 M
Fluka AG, CH-9470 Buchs, Switzerland) and sodium acet-T”S'HC| buffer at pH 7.0. The reaction mixture consisting

ate were added as supplements. Concentrations and comfi- 1 Ml of casein and 1 ml of diluted enzyme preparation
itivas incubated for 20 min at 8. This incubation tempera-

ture (60C) corresponds to the optimal temperature for the
proteolytic activity in the supernatant of BNS3 culture
media [19]. The reaction was terminated with 3 ml of 5%
TCA (trichloroacetic acid). The absorbance of the filtrate
Table 1 Growth, delta-endotoxin production and proteolytic and amylo- was measured at 280 nm. Parallel blanks were prepared
lytic acti\(ities in cul'ture media based on different pre_parations of_grueI.With inactivated enzyme samples treated for 5 min in boil-
Enzymatic hydrolysis of gruel was performed according to Zoearal ing water. The enzyme was diluted to give linear reaction

groteolytic activity assay

the results.

17 A . ) o
1 product after 20 min incubation. The appropriate dilutions
Gruel Endotoxin Proteolytic Amylolytc ~ CFU  Toxin/es ~ Were those which ensured a final absorbance of almost 0.5.
(mgL™)  activity  activity (10ml™) (mgg? One proteolytic activity unit was defined as the amount of
Um?)  (Uml™) enzyme preparation required to liberatgpd of tyrosine per
minute under the experimental conditions. The statistical
ﬁe;trilfug%d 95448  850+34 3.5+#0.1 53+0.2 63+3 treatment of the results showed maximal deviations of 4%.
ydrolyse i
Crude 75G:37 1715668 05:01 65:02 50%2 The values presented are the averages of three determi
hydrolysed nations of two separate experiments for each cultivation
Crude 126763 1917+77 45+0.1 4.1+02 84+4 condition. The yield of proteolytic activity in the culture

media was: proteolytic activity (U1) divided by initial
aTs, total sugars. gruel or fish meal concentration (gi).
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Amylolytic activity assay induction due to products of their proteolysis. Thus, the
Amylolytic activity was measured according to the Miller strain produced the bioinsecticide efficiently on complex
method [7]: 0.5 ml of 1% starch in 0.1 M Tris-HCI buffer carbon sources by producing high hydrolytic activities,
at pH 6.0 was mixed with 0.5 ml of appropriately diluted mainly proteolytic activities. On 25 g crude gruel, the yield
enzyme sample and incubated for 30 min &t@0The reac- was 84 mg delta-endotoxin~gtotal sugars, while it was
tion was stopped with 3 ml 3,5-dinitrosalicylic acid and 64 mg g* total sugars from centrifuged gruel hydrolysate.
boiled for 10 min. Distilled water (20 ml) was added to the We have previously shown for the same strain that the
reaction medium and the OD at 545 nm was determineddelta-endotoxin yield was only 49 mg delta-endotoxifi g
Parallel blanks were run with inactivated enzyme sampleglucose [17].

treated during 5min in boiling water. One amylolytic

activity unit was defined as the amount of enzyme prep-+roduction of delta-endotoxin on crude gruel and

aration required to liberate (g of glucose per min under fish meal

the experimental conditions. The values presented are th&ince strain BNS3 produced protease activities of almost
averages of three determinations for two separate experk800 U mi* and enough amylase activities to enable the
ments carried out for each cultivation condition. assimilation of crude gruel components, we studied the
possibility of substituting yeast extract and ammonium sulf-
ate by a complex source of amino acids and nitrogen, fish
meal (Table 2). With 25 g t* crude gruel, corresponding to
Evidence of delta-endotoxin production on different 15 g Lt starch, and 5 g 1 yeast extract, the highest delta-
gruel preparations endotoxin production was obtained with 5.4¢L
To evaluate the capacity of strain BNS3 to grow and toammonium sulfate. These results are similar to those we
produce delta-endotoxin on gruel-based media, gruel wasbtained with gruel hydrolysate, showing the importance
used in different forms: enzymatically hydrolyzed gruel of the combination of yeast extract to a mineral nitrogen
according to Zouarket al [17], the supernatant of centri- source [17]. When using fish meal at 5 gtlor 10 g L%, no
fuged hydrolysate of gruel, and crude gruel. Total sugarsnore than 2.7 g t* ammonium sulfate were needed. With
from these preparations (15 g*) were supplemented by 20 g L™ fish meal, ammonium sulfate reduced delta-endo-
5 g L™t yeast extract, 5.4 g£ ammonium sulfate and min- toxin production. Regulation by nitrogen metabolic
eral salts according to the procedure described in Materialepression of delta-endotoxin production by BNS3 strain
and Methods. The role of hydrolytic activities in the assimi-[17] and of spore formation in several Bt strains [9] has
lation of the principal components of gruel, mainly gluten been reported.

and starch, was investigated through the determination of

proteolytic and amylolytic activities in the supernatant of Evaluation of the metabolic repression of

each medium at the end of the culture. In spite of differentbioinsecticide production by crude gruel and fish

spore counts, crude gruel gave the best delta-endotoxin prareal

duction compared to the hydrolysates (Table 1). AlthoughBNS3 delta-endotoxin synthesis is regulated by carbon and
amylolytic activities were low in the centrifuged hydrolys- nitrogen metabolic repression as demonstrated using readily
ate and in the crude gruel, they were negligible in the crudessimilated substrates: glucose, yeast extract and
hydrolysate. This may be explained by different inductionammonium sulfate [17]. In order to evaluate the importance
events of amylase gene expression due to different concewnf this repression when using complex substrates, increased
trations and compositions of inducers. Proteolytic activitiescrude gruel concentrations were tested with 203 fish
were high: 1715 U mF and 1917 U mf', respectively, in  meal. The yield of delta-endotoxin production decreased
crude hydrolysate and crude gruel, but only 850 Utnm significantly with increasing crude gruel concentrations up
the centrifuged hydrolysate. These differences in proteoto 59 g L. But beyond this concentration and up to
lytic activity levels could be explained by strong protease92 g L™, yields were stable (42 mg delta-endotoxin' g
induction by insoluble gluten components in addition togruel) (Table 3). Previous results obtained with glucose

Results and discussion

Table 2 Growth, delta-endotoxin production and proteolytic activity in culture media based on 25a@ude gruel, yeast extract, ammonium sulfate
and fish meal

Organic and inorganic nitrogen source (@)L Endotoxin (mg %) Proteolytic activity CFU (10ml™) Toxin/gruel (mg g*)
(Uml™)
Ammonium sulfate (2.7} Yeast extract (5) 1188 59 1736+ 69 3.2+0.2 47+ 2
Ammonium sulfate (5.4) Yeast extract (5) 1298 65 1866+ 75 2.1+0.2 52+ 2
Ammonium sulfate (8)+ Yeast extract (5) 115% 58 1545+ 62 3.3x0.2 46+ 2
Ammonium sulfate (2.7) Fish meal (5) 122@ 61 1496+ 60 1.2+£0.2 49+ 2
Ammonium sulfate (5.4) Fish meal (5) 117& 59 1756+ 70 1.1+£0.2 47+ 2
Ammonium sulfate (2.7} Fish meal (10) 135% 67 1650+ 66 1.3£0.2 54+ 2
Ammonium sulfate (2.7) Fish meal (20) 138% 69 1685+ 67 3.8£0.2 55+ 3
Fish meal (10) 1248 63 1925+ 77 2.7+0.2 50+ 2

Fish meal (20) 1584 79 1585+ 63 2.8+0.2 63+ 3
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Table 3 Metabolic repression due to increased concentrations of carboTable 6 Effect of sodium chloride and Tween-80 on delta-endotoxin
source from crude gruel on delta-endotoxin production. The experimentproduction and proteolytic activity. The experiments were performed with

were carried out with 20 g1t fish meal 92 g L™* gruel and 20 g E* fish meal

Gruel Endotoxin  Proteolytic CFU Toxin/gruel Proteolytic NaCl Tween-80 Endotoxin  Proteolytic CFU Toxin/gruel

(gL (mgL™? activity 1 ml)  (mgg?) activity/gruel (gL™) (%) (mg L) activity ACmlt)  (mg gl
Uml™) (10°uUg? Uml™)

25 1584+ 79 1585+ 63 2.8+0.2 63+3 63+ 3 0.00 0.0 392% 196 1848+ 74 39.0+ 0.6 43+ 2

42 2093+ 105 1640t 66 4.7+0.3 50+ 2 39+2 0.25 0.1 379% 190 1353t 54 38.7+ 0.8 41+ 2

59 2488+ 124 1775+ 71 8.2+ 0.3 42+ 2 30+1 0.50 0.1 388%* 194  1120+45 38.3+ 0.6 42+ 2

75 3069+ 153 2084+83 15.8+0.5 41+ 2 28+ 1 0.75 0.1 380% 190  1134+45 39.6+ 0.6 41+ 2

92 3841+ 192 1842+74 38.4+0.6 42+ 2 20+ 1 0.00 0.1 3964 198 1831+ 73 39.2+ 0.6 43+ 2

108 4067+ 203 1999+80 43.1+0.6 38+2 18+1

Table 7 Metabolic repression due to increased concentrations of carbon
Table 4 Effect of increased fish meal concentrations on delta-endotoxinsource from crude gruel, on delta-endotoxin production in the presence of
production and proteolytic activity in culture media based on 92gL 0.5gL™* NaCl and 0.1% Tween-80. The experiments were carried out

gruel with 20 g L™* fish meal
Fish meal Endotoxin  Proteolytic CFU Toxin/gruel Proteolytic Gruel Endotoxin Proteolytic CFU  Toxin/gruel Proteolytic
(gL™) (mg L™ activity (1 ml™) (mgg?) activity/fish (gL™ (mgL™?) activity (A ml) (mgg?) activity/gruel
(Uml?) meal (Uml™) (10U g
(1°ug™
25 2237+ 112 1756+ 70 28+0.2 89+4 70+ 3

0 2125+106  875+t35 30.1+#0.6 23+1 - 42 3338+ 167 2436+ 97 51+0.3 79+4 58+ 3
10 3128+ 156 2393t95 30.4+0.6 34+2 239+ 9 59 3356+ 168 2471+ 99 8.2+0.3 573 42+ 2
15 3330+ 167 205982 354+0.6 36+2 137+5 75 3100+ 155 1350+£54 15.8+0.5 412 18+1
20 3901+ 195 1862+ 74 38.4+0.6 42+2 93+4 92 3815+ 190 1151+46 38.4+0.6 41+2 13+1
30 4087+ 204 1616+ 64 355+0.6 44+2 54+ 3 108 3996+ 200 109544 43.1+0.6 37+2 10+1
35 4030+ 201 1401+ 56 36.3+0.6 44+2 40+ 2
40 4103+ 205 137655 36.1+0.6 44+2 34+1

Table 8 Effect of increased fish meal concentrations on delta-endotoxin
production and proteolytic activity in the presence of 0.5¢ NaCl and
Table 5 The organic and inorganic nitrogen need for production of 0.1% Tween-80. The experiments were performed with 92drude

bioinsecticide on 92 g1* gruel gruel

Nitrogen sources Endotoxin  Proteolytic CFU  Toxin/gruel Fish Endotoxin  Proteolytic CFU Toxin/gruel Proteolytic

(gL™ (mg L) activity A ml?) (mgg?) meal (mg %) activity  (1®ml™) (mgg?') activity/fish

(Uml?) (gL™ (Uml™) meal
(1Fug?)

Fish meal (20) 3982199 1888t76  38.1+0.6 43+2

Fish meal (20) 242@& 121 2000+80  40.7+0.6 26x1 0 2200+ 110 909+35 30.1+0.6 241 -

+ YE? (2.5) 10 3709+ 186 1803+ 95 30.4+£0.6 40+2 180+ 9

Fish meal (20) 378+ 189 2500+ 100 49.8+0.7 41+2 15 3878£204 1688:82 35.4+0.6 42+2 113+5

+AS? (2.7) 20 3995+ 200 111945 38.4+0.6 43+3 56+ 2
30 3887+ 194  1085:44 355+0.6 42+2 36+ 1

aYE, yeast extract; AS, ammonium sulfate.

[17] showed strong reduction of BNS3 delta-endotoxinlatory role in glucose-mediated repression of genes in bac-
yields beyond 15 g t* glucose, indicating the importance teria. Regarding delta-endotoxin synthesis, glucose
of carbon catabolite repression in regulating delta-endorepressedry IVA toxin protein induction inB. thuringi-
toxin synthesis by strain BNS3. Moreover, even with thisensissubspisraeliensis[2]. The cry IVA mRNA levels are
concentration, the yield was only 49 mg delta-endotoxin g suppressed in the presence of glucose [2]. In the present
glucose, significantly reduced compared to that obtained imvork, we partially overcame carbon catabolite repression
the present work with 25 gruel (63 mg delta-endotoxifh g of strain BNS3 delta-endotoxin synthesis by use of complex
gruel). Thus the use of crude gruel and fish meal limitedsubstrates. On the other hand, proteolytic activity levels
carbon catabolite repression and allowed production ofvere not strongly affected by varying gruel concentrations
3841 mg Lt delta-endotoxin when using 92 giLgruel, as shown by the continuous decrease of the proteolytic
compared to 1584 mgt delta-endotoxin produced at activity yields, showing the complex regulation of protease
25g L™ gruel. Glucose, a preferred carbon sourcesynthesis in complex media as well as the possible effect
represses a number of operons and genes in both Grarof media modifications on proteolytic activities.

negative and -positive bacteria by catabolite repression A gruel concentration of 92 g was chosen to evaluate
[10]. Components of the phosphoenolpyruvate-dependerihe importance of various fish meal concentrations. The
sugar transport system are considered to play a central reghighest yields of delta-endotoxin were obtained at and
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beyond 20 g * fish meal (Table 4). This concentration sodium chloride and Tween-80, but reduction in protease 201
was used in further experiments. Moreover, the proteolytiactivity was noticed. Morriest al [8] showed that the
activities were reduced with increased fish meal concenincrease of nutrient solubility increased the toxicity Bxf
trations, demonstrated by a strong decrease in proteolytithuringiensissubspaizawaistrain HD133 but they did not
activity, but when the production was conducted withoutquantify delta-endotoxin and proteolytic activities. We
fish meal, delta-endotoxin and proteolytic activity were attribute the increased toxicity to the stability of the bioin-
poor. These results indicate that in crude gruel-basedecticide. For pilot plant production d8. thuringiensis
media, synthesis of delta-endotoxin depended on the consubsp galleria, 0.02-0.05% NaCl was used in the
position and the concentration of the organic nitrogenmedium [14].
sources. This conclusion may be supported by the fact that Since sodium chloride and Tween-80 increase assimi-
strain BNS3 is auxotrophic for several amino acids and thalation of culture nutrients, it was important to evaluate the
glutamic acid and cysteine improved bioinsecticide pro-gruel and fish meal concentrations to be used. Results
duction [17]. The reduction in proteolytic activities could shown in Table 7, compared to those of Table 3, clearly
be explained by repressive regulation due to the nitrogeshow that up to 59 g 1* gruel, these chemicals significantly
source [9]. improved the yields of delta-endotoxin production. It is
Since the combination of organic and inorganic nitrogenimportant to note that at and beyond 754 Igruel, the
sources improves bioinsecticide production [17], the effeclyields of delta-endotoxin were similar to those obtained in
of 2.7 g L ammonium sulfate and 2.5 gtyeast extract the absence of NaCl and Tween-80. This could be due to
on delta-endotoxin and proteolytic activity production wasoxygen limitation and to pH effects due to increased gruel
tested at 92 g t* crude gruel and 20 gt fish meal. The concentrations. Reduction of protease activities was not
final CFU show that the composition of the nitrogen sourceobserved up to 59 gt gruel which may be explained by
affected strain BNS3's growth (Table 5). Yeast extract dra-an easier assimilation of nitrogen organics from gruel com-
matically reduced delta-endotoxin synthesis but not proteopared to several organics from fish meal. This conclusion
lytic activity. Ammonium sulfate did not improve bioinsec- was confirmed by the results shown in Table 8 showing
ticide synthesis but increased proteolytic activity. Nitrogenthat at 92 g L* gruel, sodium chloride and Tween-80
sources from gruel and fish meal were sufficientBothur-  reduced the requirement for fish meal to 10-15% hut
ingiensisbioinsecticide production. Nevertheless, this com-with no reduction in proteolytic activity.
plex medium supported high protease activity which might It is clear from these results that the use of sodium chlor-
have further effect on stability of the bioinsecticide. This ide and Tween-80 could reduce the initial concentration of
effect could be predicted since Donovanhal [3] showed gruel from 92 g -2 to 42 g L. The choice should be based
that crystal protein stability and yield may be improved byon the balance between delta-endotoxin and proteolytic

deletion of specific protease genes. activities.
Involvement of sodium chloride and Tween-80 in Effect of sodium acetate on delta-endotoxin and
delta-endotoxin and protease synthesis proteolytic activity

To find conditions which reduce proteolytic activity in cul- Rowe and Margaritis [13] showed that thuringensioxid-

ture media, several chemicals were used. Sodium chloridizes carbohydrates aerobically to form organic acids,
was used in several complex media to enhance the avaitnainly acetate, causing a decrease of pH to 5.8. These acids
ability of soluble proteins [8]. Tween-80 was used as a surare further oxidized to carbon dioxide causing an increase
factant to increase bacterial cell membrane permeabilityf the pH to 8. We investigated the effect of sodium acetate
and consequent nutrient uptake [8]. The results obtainedn bioinsecticide production in several media based on
with the addition of these chemicals to 92 ¢flgruel and 42 g L* gruel and 20 g t* fish meal. We also studied the

20 g L™ fish meal are summarized in Table 6. Spore countsorrelation between the effect of sodium acetate and that
and delta-endotoxin levels were not strongly affected byof sodium chloride and Tween-80 (Table 9). At 5gL

Table 9 Effect of sodium chloride, Tween-80 and sodium acetate on delta-endotoxin production and proteolytic activity ift ¢2ugland 20 g *
fish meal

Sodium acetate NaCl (gb Tween-80 (%) Toxin (mg t) Proteolytic activity Toxin/gruel Proteolytic

(gL™ (Uml?) (mgg?) activity/fish meal
(1U g™

0 0.0 0.0 208& 104 1607+ 64 50+ 2 80+ 4

5 0.0 0.0 2213 111 1342+ 54 53+ 2 673

5 0.5 0.0 3351 168 2154+ 86 78t 4 108+ 4

5 0.5 0.1 323% 162 1200t 48 77+ 3 60+ 2

5 0.0 0.1 236@ 118 1370t 55 56+ 3 69+ 3

0 0.5 0.1 3355 168 2400t 96 80+ 4 120+ 5

10 0.0 0.0 300& 150 250+ 10 72+ 3 12.5+ 0.5

10 0.5 0.0 275% 138 350+ 14 66+ 3 17.5+0.7

10 0.5 0.1 284& 142 243+ 10 68+ 3 12.2+0.5

10 0.0 0.1 2974 149 134+ 5 71+3 6.7+ 0.3
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acetate, delta-endotoxin concentration was slightly 3
improved, but proteolytic activities were reduced to 84%.
Addition of 0.5 gL NaCl gave similar delta-endotoxin
production to that obtained without acetate, but with no 4
significant reduction of proteolytic activities. Addition of
Tween-80 to 5 gL' acetate and 0.5 gt NaCl did not
improve delta-endotoxin reduction, but reduced protease
activities. At 10 g %, sodium acetate reduced proteolytic
activities and improved delta-endotoxin concentration up to
3000 mg Lt Addition of NaCl and/or Tween did not 6
improve bioinsecticide production.

These results clearly show reduction in proteolytic activi- ;
ties in conjunction with an increase in delta-endotoxin pro-
duction. This might be caused by improving cell nutrient 8
assimilation, deviation of cell metabolism due to acetate,
osmotic changes, modifications of the growth rate, pH or g
other interactions.

Conclusion 10

Media based on both crude gruel and fish meal wer
efficient for B. thuringiensisgrowth and delta-endotoxin
synthesis, compared to glucose or gruel hydrolysates. Newp
media were formulated for the production of more than
3300 mg L= delta-endotoxin, indicating that such complex
media are able to overcome carbon catabolite repression:
The high proteolytic activities produced concomitantly with
the bioinsecticide could be reduced by sodium acetate or4
sodium chloride when using high concentrations of gruel.
With low gruel concentrations, the reduction in proteolytic
activity was not observed, even with high fish meal concen-
trations. Thus, the reduction of protease activities could be
due to our particular culture conditions, without the need
to proceed to genetic manipulation [3]. 15
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