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ABSTRACT

Studies of the entomogenous bacterium. Bacillus
thuringiensis, revealed that the presence of starch
in the medium, used as a carbon and energy source,
stimulated growth.

It was also shown that by limit-

ing the concentration of peptone in the medium (less
than .2595)» the pH of the medium during growth and
sporulation can be controlled.

These observations

may allow an increase in nximbers of spores and crystals
produced smd a higher level of toxicity of the crystal.
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CHAPTER I
INTRODUCTION

Bacillus thuringiensis, a gram positive sporeforming bacterium, was first considered to be entomogenous because of its isolation from diseased larvae
of the silkworm, Bombyx mori in 1902 by Ishiwata (21).
In 1915» Bacillus thuringiensis was again isolated by
Berliner from diseased larvae of the Mediterranean
flour moth, Anagasta kuehniella (4).
B. thuringiensis is closely related to Bacillus
cereus in several characteristics including formation
of an exopsorium—delicate membrane which is synthesized in the early stages of spore formation and which
envelops the mature spore as a loose sac.

Until I963,

B. thuringiensis was classified as a variety of B. cereus,
at which time Bonnefoi and de Barjac developed a system
of classification that separated the numerous strains
of B. thuringiensis into serotypes according to flagellar
antigens and electrophetic analyses of vegetative cell
esterases (5). The constant characteristics of B. thuringiensis—the ability to use citrate as the sole source
of carbon and energy, residual phosphate content in the
spore ten times that of B, cereus, amd presence of a parasporal body—supported the name Bacillus thuringiensis
as a species (24).
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All strains of the group studied thus far form an
oval subterminal spore, are motile by means of peritrichous flagella, and are facultative anaerobes.

Acid

is produced from ribose, glucose, fructose, glycerol,
soluble starch, maltose, and trehalose.

Hemolysis is

observed in horse blood agair, a positive methyl red test
is obtained, and indole is not produced (10).
Glucose is catabolized predominately by the EmbdenMeyerhof-Parnas pathway.

In media deficient in some

intermediates, the pentose phosphate pathway is utilized
(sometimes up to 5?5) to support biosynthetic needs (23).
Bacillus thuringiensis requires tricarboxylic acid
cycle (TCA) activity for biosynthesis of spore specific
smd crystal components.

In the presence of inhibitors

of the TCA cycle, or-picolinate or fluoracetate, spore
smd crystal formation is inhibited (27). Although the
enzymes of the TCA cycle sire repressed during vegetative growth, smd derepression of aconitate hydratase
does not occur until the onset of sporulation, Aronson,
et. al., found unexpected levels of second hailf TCA cycle
enzymes in vegetative cells (18). He was also unable to
demonstrate af-ketoglutarate dehydrogenase activity.
Further research revealed high levels of glutamate decarboxylase and y-aminobutyric acid (GABA).

It is

evident that B. thuringiensis possesses a modified TCA
cycle that operates in conjunction with the GABA pathway

and the glyoxylate pathway (2) (see Figure 1).
The primary morphological distinction of B. thuringiensis. the parasporal body, was first described by
Hsmnay in 1953. He termed it the "crystal" because of
its regular diamond shape (16). It was not until this
time that the pathogenicity of this organism was attributed to the crystal. Angus proved toxicity of the crystals by feeding a dilute alkaline (0.2 M carbonate buffer, pH 10.3) suspension of dissolved crystals (spores
removed by centrifugation) to silkworm larvae. This suspension caused paralysis smd death whereas spores had
no effect on the larvae except when injected (1).
Shortly thereafter, Hannay and Fitz-Jsunes provided data which showed the crystal possessed ultraviolet
absorption characteristics of protein, contained at
least 17 amino acids, smd 1795 nitrogen, smd no phosphorus (17). Bulla demonstrated that the crystal is composed of a single glycoprotein subunit with a moleculsir
weight of 134,000 daltons.

Carbohydrate consitituted

595 of the crystal, and glutsunic smd aspartic acid residues were the most abundsmt (6).
The mature crystal varies in size, often exceeding one micron in length and 0.5 micron in width and may
account for some 3095 of the dry weight of the sporulated
cell.

The first electron micrographs of the B. thurin-

giensis crystal were published by Hsmnay smd Fitz-James

Figure 14.

Effect on growth of Bacillus thuringiensis
with addition of arabinose to the basal medium.
A = no arabinose
B = 0.195 arabinose
C = 1.095 arabinose
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(1955)» smd they showed that the parasporal body was
a regular bi-pyramidal crystal with surface structure
in the form of rather coarse striations parallel to the
base plsme of the crystal (18). It is now evident from
X-ray diffraction methods of Holmes and Monro (I965),
that subiinits are rod- or dumb-bell shaped smd arranged
with their centers on a closely packed arrangement in
such a way as to produce a four-fold screw symmetry (20).
Crystal formation occurs at the ssime time as spore
formation.

The crystal develops on the surface of the

exosporium (25). Use of the inhibitors of protein synthesis, Actinomycin D smd chlorsimphenicol, seem to indicate that the formation of the crystal is based upon
typical mRNA-dependent protein synthesis. There inhibitors were not capable of selectively inhibiting spore or
crystal synthesis without inhibiting synthesis of the
other body (27).
Susceptible larvae ingest the crystal when they feed,
smd the alkaline pH (9*5-10) and proteolytic enzymes
in their guts hydrolyze the crystsLl to its toxic subunits.

Several investigators have provided evidence to

support the protoxin nature of the crystal, smd they found
the smaller active frsigments range in molecular weight
form 68,000 to 1000 daltons (6,7).
It has been difficult to identify the mode of action
of the crystal because there are conflicting results in
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isolation, purificsition, and characterization of the active subimits. However, studies of the effects of the
crystal on larvae smd tissue culture have shown that the
primary action of the toxin results in a paralysis of the
gut which occurs within minutes after ingesting the crystal (19). Fast and Angus suggested that a breakdown of
the mechanisms which confer selective permeability upon
the gut wall, results in the inhibition of glucose transport, but also permits a more rapid movement of smions
into the hemolymph from the gut lumen (13). Cooksey
found evidence that suggested the mode of action is to
impair membrsme permeability by disruption in potassium
ion regulation (9).
Potency of the crystal preparation is determined
by response of sm insect (first-instar larvae) to a certain dilution of a spore-crystal mixture in semi-synthetic diet (11). A system of standardization utilizing
International Units/milligram was introduced when it became apparent that the spore count could not be used (26).
In 1970, Dulmage found that the fermentation conditions
employed influenced the production of spores smd crystals
smd, the amount produced did not depend solely on growth
of the organism.

Powder recovered from the fermentation

beer of Bacillus thuringiensis var. aizawai grown on
tryptone-based smd Proflo-based (a partially defatted
cooked cottonseed flour) media were counted for spores.
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and the diet dilution unit (reciprocal of LD50) assayed.
Growth in the tryptone-based media produced l(i x 109
spores/gram smd a DDU^o/grsun of 76,000, whereas growth
in Proflo-based media produced 120 x 10^ spores/gram
but only 34,000 DDU5o/gram (12). It is possible that
the varying toxicity in different insects occurs because the individual insects may be susceptible to different toxic moities in the crystal. Also variation in
gut pH, enzyme content, smd different rates of proteolysis between species affects yields of the same toxic
molecules (9).
Commercial production of B. thuringiensis as a
microbial insecticide has received much attention, smd
it is currently being produced by many countries including the U.S., Frsmce, Germany, Czechoslavsikia,
Yiigoslavia, smd the U.S.S.R.

In i960, the FDA granted

full exemption from tolerance for B. thuringi ensi sbased preparations for use on food smd forage crops.
It has no known adverse effect on other insect or life
forms such as man, pets, fish, birds, earthworms, beneficial insects or plants (14).
The insecticidal activity of B. thuringiensis is
limited to the insect order Lepidoptera.

But at least

150 species of these caterpillaxs have been shown to
be susceptible to B. thuringiensis formulations.

Some

of these insects are responsible for economic losses
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i n soybean, cotton, tobacco, smd s a f a l f a crops.
*

•

•

B. thu-

•

ringiensia is sU.so being used on grapes, vegetables,
apples and other fruits, in greenhouses smd forestry.
Although electron micrography smd physical and chemical studies have provided a considerable, but by no mesms
definitive, amount of. information about the structure
and composition of the crystal, very little research
has been done to determine nutritional requirements for
growth.
In 1974, Nickerson smd Bulla reported that when
they used a minimal medium containing glucose smd salts,
either aspartate, citrate, or glutamate had to supplemented to support growth.

These organic acids could not

be replaced by vitamin mixtures or succinate (22).
The amino acid analogue, m-tyrosine or 0-(3-hydroxyphenyl)alanine, was reported by Aronson and Wermus to
cause slowed growth, extensive chsuning, and to reduce
spore smd crystal formation.

The m-tyrosine replaced

about 1095 of the phenylalsmine present in the cell proteins (3). Conner and Hansen found that isoleucine inhibited growth of some strains of B. thuringiensis.
whereas valine and leucine enhanced growth in a citratesalts basal medium (8).
In our laboratory it was observed that B. thuringiensis grew exceptionally well on Columbia agar base
as compared to nutrient sigair and other basal media.
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Columbia sigar base contains peptones derived from both
casein smd meat.

It is usually used as a base for pre-

paration of both blood and chocolate agar media to support growth of fastidious organisms such as Neisseria
gonorrheae.

The composition (in 95) of Columbia agar

base is Polypeptone peptone 1.0, Biosate peptone 1.0,
Myosate peptone 0.3, com starch 0.1, sodium chloride 0.5,
and agar 1.35.

Because of the economic value of this

organism as sm insecticide, the ability of Columbia
SLgsur base to support more growth of B. thuringiensis
is of interest.

In order to determine which components

present in this medium stimulate growth, laboratory
studies were initiated.

Hopefully the results will fur-

ther the comprehension of the metabolism and physiology
of B. thuringiensis. smd thus aid in improvement of
fermentation products, nsimely the crystal.

CHAPTER II
MATERIALS AND METHODS
Cultures
The orgsmism used for these growth studies was
Bacillus thuringiensis variety alesti from the stsmdsird preparation HD-I-I98I, received from H. T. Dulmage,
Cotton Insects Research, U.S.D.A., Brownsville, Texas.
Stock cultures of the orgsmism were kept on nutrient
agar (Difco Laboratories) slsmts at 4° C until use.

Media
During the course of these experiments, a basal
medium was used to which various supplements were added.
The basal medium consisted of Bacto-Peptone (Difco) 2.395,
sodium chloride 0.595, soluble starch 1.095, smd BactoAgsur (Difco) 1.595.

Supplements added to the basal me-

dium were surabinose, nutrient broth, beef extract, yeast
extract, glucose smd IsovitalexTM (BBL).

Isovitalex^M

is a chemically defined supplement usually used as an
additive to media for isolation and cultivation of
nutritionally fastidious organisms.

Columbia sigar base

used was from Difco. All media was autoclaved for 15
minutes at 121^ c under 15 pounds pressure, except for
Isovitalex^^ which was added aseptically to the autoclaved media.
11

CHAPTER II
MATERIALS AND METHODS
Cultures
The orgsmism used for these growth studies was
Bacillus thuringiensis variety alesti from the standard preparation HD-I-I98I, received from H. T. Dulmage,
Cotton Insects Research, U.S.D.A., Brownsville, Texas.
Stock cultures of the organism were kept on nutrient
agar (Difco Laboratories) slsmts at 4° C until use.

Media
During the course of these experiments, a basal
medium was used to which various supplements were added.
The basal medium consisted of Bacto-Peptone (Difco) 2.395,
sodiiAm chloride 0.5^» soluble starch 1.095, and BactoAgsur (Difco) 1.595.

Supplements added to the basal me-

dium were sirabinose, nutrient broth, beef extract, yeast
extract, glucose smd IsovitalexTM (BBL).

IsovitalexTM

is a chemically defined supplement usually used as sm
additive to media for isolation and cultivation of
nutritionally fastidious organisms.
used was from Difco.

Columbia sigar base

All media was autoclaved for 15

minutes at 121° C xmder 15 pounds pressure, except for
Isovitalex"^^ which was added aseptically to the autoclaved media.
11

13
taining vegetative cells smd spores were counted for both,
and the one producing the highest count was used for
maximum cell number.

The cells were counted using the

standard pour plate method.

One milliliter of the ap-

propriate dilution (three replicates/dilution) was added
to a sterile petri plate, and nutrient agar (approx.
480 c) poured in the plate and mixed by swirling.

Plates

were incubated at 34° C for 12-18 hours, smd the colonies were counted and recorded.

CHAPTER III
RESULTS
On initial visual observation, growth on Columbia
agar base of B. thuringiensis appeared greater than on
nutrient sigar. The actual spore/cell count proved this
to be the case.

Results presented in Figure 2 show

that nutrient agar produced 1.2 x 10^ cells/ml and
Columbia sigar base produced 1.52 x 109 cells/ml. The
pH of nutrient agar at 72 hours was only '? .^ and there
was a limited amoimt of sporulation, whereas Columbia
sigar base had a pH of 8.5, and the majority of cells
had sporulated.

Effect of Starch on Growth
Starch is one of the components present in Coliombia agar base not present in nutrient agar. To determine whether starch had a stimulatory effect, growth on
nutrient agar with 0.195 starch (same concentration as in
Coliimbia agar base) was compared to that on nutrient sigar
without starch.

As seen in Figure 3, nutrient agar

supplemented with starch supported more growth (3*5 x lo9
cells/ml) thsm nutrient sigar without starch (1.2 x 10^
cells/ml).

At 72 hours, on media supplemented with starch,

the pH was 1.S* and on media without starch, the pH was
7.0.

This correlated with the fact that microscopically,

nutrient agar had very few sporulated cells, but nutrient
14
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Figure 2.

Growth of Bacillus thuringiensis on Columbia sigar base smd on nutrient sigar.
A = Columbia sigar base
B = Nutrient agar
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Figure 3.

Growth of Bacillus thuringiensis on nutrient agar smd nutrient agar with 0.195 starch.
A = Nutrient agar
B = Nutrient agar with 0.195 starch
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agar with starch showed a majority of free spores.

Growth Utilizing Starch or
Glucose
Glucose and starch were tested as carbon smd energy
sources.

Glucose (0.1 and 1.095) and starch (0.1 smd 1.095)

were added to the basal medium, and the results given in
Figure 4 demonstrate that starch supported more growth.
Media with 1.095 starch produced the greatest number of
cells (8.4 X 109 cells/ml) and media with 1.095 glucose
produced the least niamber of cells (2.9 x lo8 cells/ml).
At 72 hours, cells growing in media with 1.095 glucose
showed no sporulated cells, and surprisingly there were
ghost cells smd cellular debris present. Growth of cells
in the other three media produced free spores and a higher pH (8.5) thsm that of media with 1.095 glucose (6.0).

Effect of Varying Starch Concentration on Growth
Increasing concentrations of starch - .05, 0.1, 0.3,
0.5, 1.0, 2.0, 5.0, and 1095 were added to the basal
medium (see Figure 5).

Growth increased in media con-

taining .05-1.095 starch, 1.095 supporting the greatest
cell number of 8.4 x 10^ cells/ml. Total growth decreased in media containing 2.095 or greater starch.
Growth in media with 10^ starch produced 1.2 x 107 cells/
ml, less than the number produced in basal medium with-
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Figure 4.

Growth of Bacillus thuringiensis utilizing
starch or glucose.
A
B
C
D

=
=
=
=

0.195
1.095
0.195
1.095

starch in basal medium
starch in basal medium
glucose in basal medium
glucose in basal medium
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out any starch, 1.52 x 10^ cells/ml.

Cells grown in

media containing 5.0 smd 1095 starch produced no spores at
72 hours, smd chains of ^-6 cells were seen.

The media

containing concentrations of starch less than 2.095 did
produce spores.

An increase of pH in media with .05-1.095

starch (8.0-8.5) and no increase of pH in media with 5.010^ starch (6.0) was concurrent with the presence of
spore formation.

At 48 hours, all concentrations of

starch, even 1095, had been completely hydrolyzed using
iodine as the indicator.

Effect of Varying Peptone
Concentration on Growth
Concentration of peptone in the basal medium containing 0.1 smd 1.095 starch was varied at 0.5» 1.0, 2.5t
smd 5.095.

Beef extract or yeast extract at 0.395 was

also added in separate experiments.
In media containing 0.195 starch smd no beef extract
or yeast extract (Figure 6), the greatest sunount of growth
occurred when 0.5 or 1.0^ peptone was added to the media.

Media with 0.595 peptone produced I.06 x 109 cells/

ml smd media with 1.0^ peptone produced 1.2 x 109 cells/
ml.

When starch concentration was increased to 1.095 in

the media with no beef extract or yeast extract (Figure 7 ) .
the greatest cell number, 2.2 x 10^ cells/ml, was obtained when 0.5^ peptone was present.

No peptone, beef

25

Figure 6.

Optimum peptone concentration for growth of
Bacillus thuringiensis in media containing
0.195 starch and no beef extract or yeast
extract.
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Figure 7.

Optimum peptone concentration for growth of
Bacillus thuringiensis in media containing
I.09J starch and no beef extract or yeast
extract.
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extract or yeast extract present in the media, resulted
in a pH of 6.0 throughout the 72 hours, although some
sporulation was present.

Peptone in the media resulted

in a pH of 8.5, except when 1.0^ starch smd 0.595 peptone
was present in the media, resulting in a pH of 6.0.

Media

with a peptone concentration of 2.595, and containing
either concentration of starch, produced only vegetative cells at 72 hours.
Largest cell number with the addition of beef extract to media containing 0.1^ starch, was 2.52 x 10^
cells/ml when 0.5^ peptone was present (Figure 8).

Ex-

cept when peptone concentration was 0.095 in the media,
the pH reached 8.5.

No peptone present in the media re-

sulted in complete sporulation (although the pH was 7.0),
smd increasing the concentration of peptone resulted
in a majority of cells forming spores.

In media contain-

ing 1.0^ starch smd beef extract, more growth (5.6 x 10^
cells/ml) occurred with 0.595 peptone present (Figure 9).
As was expected, a pH of 8.0-8.5 was reached when any
concentration of peptone was added.

When no peptone was

present in the media, the pH rose only to 7.0, but all
cells had sporulated.
When yeast extract was added to the media, more
growth (3.7 X lo9 cells/ml, see Figure 10) occurred in
media containing 0.195 starch when 0.595 peptone was present.

Media with 1.0^ starch also supported more growth.

30

Figure 8.

Optimum peptone concentration for growth of
Bacillus thuringiensis in media containing
0.195 starch and O.39& beef extract.
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Figure 9.

Optimism peptone concentration for growth of
Bacillus thuringiensis in media containing
1.095 starch and 0.37» beef extract.
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Figure 10.

Optimum peptone concentration for growth of
Bacillus thuringiensis in media containing
0.195 starch and 0.395 yeast extract.
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7.8 X 109 cells/ml, (see Figure 11), when peptone was
present at 0.595 in the media.

In media containing 0.195

starch, pH was measured at 8.0-9.0.
tone was present, the pH was 8.0.

Even when no pep-

Each concentration of

peptone tested showed complete sporulation, except 2.5 smd
5.095 still had vegetative cells present.

Starch concen-

tration increased to 1.0^ in the media with no peptone
resulted in complete sporulation but a pH of only 6.0.
As the peptone level was increased in the media, the pH
increased (8.5-9.0), but the degree of sporulation decreased (5.095 peptone in media produced only a few spores
at 72 hours).
In siimmary, media containing no peptone, beef extract, or yeast extract, the cell count was low, the pH
stayed low, but there was sporulation of the few cells.
In media with no peptone, but with beef extract or yeast
extract, pH rose to 7.0-7.5.

In all media tested, more

growth was obtained when 0*595 peptone was present in
media.

Media with 1.095 starch produced more cells thsm

media with 0.195 starch in media (with 0.595 peptone).

In

media with 0.595 peptone, in either concentration of starch,
growth was better with addition of yeast extract than
beef extract.

In media with peptone levels higher thsm

1.0^, even though the pH had risen to 8.5 in all cases,
there was not complete sporulation and there were many
vegetative cells present.

The number of cells dropped

37

Figure 11.

Optimum peptone concentration for growth of
Bacillus thuringiensis in media containing
1.095 starch and 0.3fff yeast extract.
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consistently as the concentration of peptone in media
increased above 1.095
In smother experiment based on previous results
(Figure 12), growth was measured on media that contained
• 2595 peptone, 1.095 starch, and both beef extract smd
yeast extract at a concentration of .15% each, and compared to media containing 0.595 peptone, 1.0% starch, smd
either yeast or beef extract at a concentration of 0.395.
Growth in media containing .2595 peptone and both yeast
extract and beef extract, supported more growth, 1.3 x 10^0
cells/ml.

Media with 0.595 peptone and 0.395 beef extract

had 5.0 X 109 cells/ml, smd media containing 0.595 peptone smd 0.395 yeast extract had 7.9 x 109 cells/ml.
The pH rose no higher thsm 7.5 during the 72 hours in
media with a lower concentration of peptone, although
there was almost complete sporulation of cells.

In the

media containing 0.595 peptone, pH was 8.0 and 8.5.

Effect of Inoculiim Size on
Total Growth
The number of cells used for inoculation of all
plates was small compared to the number of cells in
total growth.

If the niimber of cells was increased at

the time of inoculation, an increase in subsequent
growth might be seen.

Results in Figure 13 show the

effect of the inoculum size on total growth.

Approxi-

mately ten-fold increases of inoculum were used, smd at

40

Figure 12.

Growth of Bacillus thuringiensis in media
containing peptone, beef extract, and yeast
extract at varying concentrations.
A = 1.095 starch, 0.595
beef extract
B = 1.0% starch, 0.595
yeast extract
C = 1.095 starch, .2595
extract, and .1595

peptone, and 0
peptone, and 0.395
peptone, .1595 beef
yeast extract

41

m
H
H
0)
O

A B C

42

Figure 13. Effect on total growth of Bacillus thuringiensis in basal medium by increasing the
inoculum•
A
B
C
D
E

=
=
=
=
=

2.3 X 10^ cells/ml
1.56 X 19^ cells/ml
1.3 X 10^ cells/ml
3.7 X 10° cells/ml
2.3 X 10^ cells/ml grown in media containing 1.0% starch
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72 hours there was no significant increase in cell number.

Effect of Inoculum Grown in
Starch
Amylase, the enzyme that hydrolyzes starch, is sm
inducible enzyme. An inoculum grown in media containing
starch is already synthesizing the enzyme.

Studies were

initiated to see if an increase in growth occurred when
the orgsmism was transferred to fresh media containing
starch.

The result of growing the inoculum in nutrient

broth containing 1.0% starch is also shown in Figure 13,
and no increase in growth was noted.

Growth with Addition of
Isovitalex™ to BasaJ^edium
Results from Figure 12 showed that media supplemented with yeast extract supported better growth thsm
media supplemented with beef extract.

Isovitalex*^^ con-

tains similar components as yeast extract.

At a concen-

tration of 1.0%, growth was not stimulated but inhibited
by adding Isovitalex*^^ to the medium.

If the inoculum

was increased 100 times, some growth occurred at the
edges of the plate at 72 hours.

Effect of Arabinose on
Growth
Arabinose (0.1 and 1.0%) was added to the basal me-
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dium, and as can be seen in Figure 14, did not increase
the growth of B. thuringiensis.
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Figure 14. Effect on growth of Bacillus thuringiensis
with addition of arabinose to the basal medium.
A = no arabinose
B = 0.1% arabinose
C = 1.0% arabinose
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CHAPTER IV
DISCUSSION
Growth of B. thuringiensis increased on Columbia
agar base compared to nutrient sigar.

Therefore, deter-

mination of the factor or factors in Columbia sigar base
stimulating growth was of interest.

It is known that

sporulation is initiated when initially the carbon source
and secondarily the nitrogen source have been exhausted.
Metabolizable nitrogen compounds generally repress
sporulation smd in combination with glucose are even
more effective.

In general, carbon sources which are

metabolized rapidly favor vegetative growth, whereas
those which are metabolized more slowly stimulate spore
formation (15)•
Coliimbia sigar base contains 0.1% starch and a much
higher peptone level thsm nutrient agar.

When starch

was added to the nutrient sigar, growth was stimulated,
possibly because the starch was being utilized as an
additional carbon smd energy source.

Growth in like

media containing the same concentration of glucose (a
usual carbohydrate) or starch, did not produce the ssune
results as far as pH, total cell number, and degree of
sporulation.

Starch was hydrolyzed at a slower con-

tinuous rate, providing a carbon source over a longer
period of time smd keeping the culture in a vegetative
state of growth.
48
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Peptone present in media is usually used as a nitrogen source. When the source of carbohydrate is depleted,
B. thuringiensis is able to deaminate some sunino acids,
especially glutamate, and use them as carbohydrate.

Lev-

els of peptone above 0.5% in the media did not support
the most growth or complete sporulation, but did produce the highest pH. Apparently only a small nitrogen
supply is needed for growth and metabolism of B. thuringiensis.

When too much peptone is present, nitrogenous

compounds are desuninated instead of transaminated, resulting in a release of NH3 into the media and a rise in
the pH.

It should be noted that in the experiment using

media with only .25% peptone, greater cell number was
obtained smd the pH never rose above 7»5 but, in media
containing 0.5% or more peptone, total cell number was
less smd the pH rose to at least 8.5 and in a couple of
instances to 9.0.

The degree of sporulation when either

of these two concentrations of peptone was present was
similar, although pH in media with .25% peptone was lower,
The inhibition of growth because of addition of Isovitalex™ to the media is not understood and requires
further study.
The pentose phosphate pathway is operational in
B. thuringiensis.

If intermediates synthesized from

this pathway were supplied, more energy might be available to support growth.

There was no evidence of arabi-
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nose being used in this pathway, and growth was decreased
with its addition to the media.
The number of cells used for inoculation does not
affect the total growth over a period of time.

B. thurin-

giensis will continue to grow until all nutrients supplied are depleted.

If a higher level of nutrients are

available, then growth time will be longer than in media
with limited nutrients.

In this study, growth measure-

ments were limited to 72 hours. Cultures with no sporulation or partial sporulation may have an increased
total number of cells if allowed to grow longer.

A viable

growth curve for a nonsporeforming bacterium would reach
a maximum niimber of cells smd remain there until the
culture enters death phase.

In sm ideal situation

for a sporeforming bacterium such as B. thuringi ensi s
the growth curve would show a continuous increase in number of viable cells until all cells had sporulated.
The fact that some of the media tested reached a
pH of 9.0 is of special interest.

This high pH could

affect formation of the crystal during sporulation possibly explaining the difference in size of the crystal.
The crystal starts losing toxicity at pH 11, so there
could be a small degree of solubilization even in pH
of 8.5 to 9.0, especially if in media with this pH for
several days (9). This solubilization could cause
different toxicities of the different cultures of the
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same variety of B. thuringiensis on the same insect.
Addition of starch to media, as a source of carbon
and energy stimulated growth smd increased spore production of B. thuringiensis. Although starch has been
used in media in large scale fermentation, no literature could be found showing the effect of starch singularly on growth.
Results from this growth study of B. thuringiensis,
indicate that limiting the nitrogen source in media in
order to control the pH, use of a carbon smd energy source
such as starch that is utilized at a slower rate, and
addition of yeast extract to supply vitamins and other
intermediates should produce a msucimum number of spores
and crystals with a higher level of toxicity.
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