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Background: Bacillus thuringiensis is the most successful biological control agent used in agriculture, forestry and mosquito control. 
However, the insecticidal activity of the B. thuringiensis formulation is not very stable and rapidly loses its biological activity under field 
conditions, due to the ultraviolet radiation in sunlight. Melanin is known to absorb radiation therefore photo protection of B. thuringiensis 
based on melanin has been extensively studied.
Objectives: The aim of this study was to find a wild type strain of naturally melanin-producing B. thuringiensis to avoid any mutation or 
manipulation that can affect the Cry protein content.
Materials and Methods: Bacillus thuringiensis strains were isolated from soils of different States of Mexico and pigment extraction was 
followed by lowering the pH to 2 using 1N HCl. Pigment was characterized by some chemical tests based on its solubility, bleaching by 
H2O2 and flocculation with FeCl3, and using an Infrared (IR) spectrum. Ultraviolet (UV) irradiation experiment was performed to probe 
the melanin efficacy.
Results: ELI52 strain of B. thuringiensis was confirmed to naturally produce melanin. The Cry protein analysis suggested that ELI52 is 
probably a B. thuringiensis subsp. israelensis strain with toxic activity against the Diptera order of insects. Ultra Violet protection efficacy of 
melanin was probed counting total viable colonies after UV radiation and comparing the results with the non-producing melanin strain 
L-DOPA (L-3, 4-dihydroxyphenylalanine) was also detected in the culture. ELI52 strain showed an antagonistic effect over some common 
bacteria from the environment.
Conclusions: ELI52 wild-type strain of B. thuringiensis is a good bio-insecticide that produces melanin with UV-resistance that is probably 
toxic against the Diptera order of insects and can inhibit the growth of other environmental bacteria.
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1. Background
Bacillus thuringiensis is a Gram-positive, spore-forming, 

soil bacteria and the most successful biological control 
agent that produces distinctly shaped crystals during 
sporulation. These crystals are composed of proteins 
known as insecticidal crystal proteins (Cry), which are 
selectively toxic to different species of several inverte-
brate phyla. Therefore, B. thuringiensis has been used 
as a bio pesticide in agriculture, forestry and mosquito 
control and today B. thuringiensis is the most widely 
used bio-pesticide in the world (1). However, one of the 
main disadvantages is that the insecticidal activity of B. 
thuringiensis formulation is not very stable and rapidly 
loses its biological activity under field conditions, due 
to the Ultraviolet (UV) radiation of sunlight (2). There-
fore, the use of B. thuringiensis as a bio-insecticide is 
more expensive than other alternatives because repeat-
ed spraying is necessary.

Melanin is known to absorb radiation consequently 
photo protection of B. thuringiensis based on melanin has 

been studied extensively. Liu et al. (2) reported the use of 
melanin pigment extracted from Streptomyces lividans for 
photo protection of larvicidal activity of a mosquitocidal 
strain of B. thuringiensis subsp. israelensis. Patel et al. (3) 
and Saxena et al. (4) obtained a melanin-producing mu-
tant by artificial mutation of B. thuringiensis subsp. kursta-
ki after successive rounds of UV radiation. Although com-
pared with their parent strains the two mutants had a 
higher UV resistance, this mutation had some negative 
impacts on them, such as the loss of some Cry genes.

Several research groups have obtained B. thuringiensis 
mutants producing melanin after treatment with a mu-
tagenic agent (5-7). Although, these mutants were more 
resistant to UV radiation, some of them lost their toxin-
encoding genes.

Ruan et al. (8) claimed that B. thuringiensis strains have 
the potential to produce melanin in the presence of L-
tyrosine at an elevated temperature (42°C). However, at 
this temperature, insecticidal Cry proteins could not be 
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synthetized, thus genetic engineering is needed to pro-
duce insecticidal proteins in B. thuringiensis mutants 
producing melanin (9). In this study, we report on a wild 
type strain of B. thuringiensis capable of naturally produc-
ing melanin and Cry proteins with antagonistic effects 
over some common bacteria of the environment such as 
Micrococcus luteus, Staphylococcus aureus, Klebsiella pneu-
moniae and Serratia marcescens. The characteristics and 
UV protection efficacy of melanin in B. thuringiensis for-
mulations after UV radiation are also described. L-DOPA 
was also detected in the culture. The protein pattern 
showed that this B. thuringiensis strain probably belongs 
to subsp. israelensis.

2. Objectives
Several research groups have obtained B. thuringiensis 

mutants producing melanin by successive rounds of UV 
radiation or by treatment with mutagenic agents, how-
ever these mutants lose some of their toxin-encoding 
genes. In the present study we aimed to find a wild type 
strain of naturally melanin-producing B. thuringiensis, 
with resistance to UV radiation to avoid any mutation or 
manipulation that can affect the Cry protein contents.

3. Materials and Methods

3.1. Bacterial Strains and Growth Conditions
Bacillus thuringiensis ELI2 strain was isolated from soil of 

the North of Mexico and ELI52 strain was isolated from 
soil of South of Mexico, as a brown pigment producer. 
Samples of soil were collected from uncultivated soil, 
which did not include organic matter or inorganic waste. 
Both strains were grown at 30°C with shaking at 200 rpm, 
in Luria Bertani (LB), Brain Heart Infusion (BHI), Nutrient 
Broth (NB), Tris G (13) and Trypticase Soy Broth (TSB) me-
dium, to determine which medium was the best for the 
production of melanin. M. luteus, S. aureus, K. pneumoniae 
and S. marcescens strains were grown at 30°C with con-
stant shaking in LB medium.

3.2. Pigment Characterization
Cultures of B. thuringiensis ELI52 were grown in LB me-

dium at 200 rpm and 30°C for 20 hours and then cen-
trifuged at 6000 rpm for 20 minutes. The cell mass was 
removed and the pigment in the supernatant was pre-
cipitated by lowering the pH to 2 using 1 N HCl. The pre-
cipitate was collected by centrifugation and was dried at 
room temperature. The dried pellet was mixed with po-
tassium bromide and then IR spectrum was measured on 
a Magna-IR Spectrometer 750 Nicolet FT-IR spectropho-
tometer. Synthetic melanin from Sigma Aldrich (USA) 
was used as a standard. Melanin was also identified on 
the basis of the following characteristics: solubility in 1M 
KOH, hot 0.5 M NaOH and 1M Na2CO3 and insolubility in 
organic solvents (such as acetone, chloroform, methanol, 

ethanol, ether and water), bleaching by H2O2 (15%), and 
formation of a flocculent brown precipitate upon addi-
tion of 0.1 M FeCl3 (4).

3.3. Production of L-DOPA
The culture medium was centrifuged at 6000 rpm for 

15 minutes, followed by filtration through 0.45 µm pore-
size membrane filter. The filtrate was tested for the pro-
duction of L-3, 4-dihydroxypohenylalanine (L-DOPA) us-
ing the chemical method of Arnow (10).

3.4. Biomass Generation
Cultures of B. thuringiensis ELI 2 and ELI52 were grown 

in 100 mL of BHI at 200 rpm and 30°C during 72 hours. 
After this time period, when spores and crystals were re-
leased by the bacteria in the medium as judged by phase 
contrast microscopy, the supernatants were heated at 
65°C for 40 minutes to kill viable vegetative cells. Next, 
biomass was collected using the lactose-acetone copre-
cipitation method (11).

3.5. Ultra Violet Irradiation
Biomass was suspended in 0.05 M potassium phos-

phate buffer at pH 6.8. Samples (10 mL) of these suspen-
sions were irradiated (with either 254 nm or 365 nm) in 
petri plates at a distance of 30 cm from the UV source for 
several discrete episodes. Aliquots (100 µL) were removed 
from the irradiated samples at different time intervals, 
plated on LB agar plates and incubated at 30°C to deter-
mine total viable count. The total viable count was deter-
mined by counting the colonies that grew on the next 
day after UV radiation and comparing with the colonies 
that grew without UV irradiation. The experiment was 
also performed with cells of ELI2 and ELI52 strains. The 
cells of both strains were suspended in 0.85% sterilized 
NaCl solution, mixed and irradiated at the same distance 
and at the same time as the biomass. The experiment was 
carried out three times.

3.6. Protein Analysis
After growing B. thuringiensis for 72 hours, until the re-

lease of spores and crystal proteins, the cells were recov-
ered by centrifugation and resuspended in Tris-Ethylene-
diaminetetraacetic acid (Tris-EDTA) buffer at pH 7.5 and 
0.1 M. Next, a small amount of lysozyme was added and 
the sample was incubated for 30 minutes at 37°C. These 
protein samples were then completely solubilized by 
incubation for five minutes at 100°C in Sodium Dodecyl 
Sulfate (SDS)/sample buffer (50 mM-Tris-HCl (pH 6.8), 1% 
SDS (w/v), 25 mM-β-mercaptoethanol, 2 mM phenylmeth-
anesulfonyl fluoride, 10% (w/v) glycerol and 0.0025% (w/v) 
bromophenol blue). Proteins were fractioned and ob-
served on 8% Sodium Dodecyl Sulfate in Polyacrylamide 
Gel Electrophoresis (SDS-PAGE) (12). The molecular weight 
SDS-PAGE standard was from Bio-rad (USA).
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3.7. Antagonistic Activity Against Environment 
Bacteria

Cultures of M. luteus, S. aureus, K. pneumoniae and S. marces-
cens bacteria were prepared by suspension in 3 mL of LB and 
incubated at 30°C with constant shaking at 200 rpm for 20 
hours to reach a cell density of approximately 1 × 108 colony 
forming units (CFU) per milliliter. With the cultures in sus-
pension, dilutions were prepared to seed the Petri dishes 
for the paired bacterial confrontation trials. The dilutions 
were prepared for all microorganisms to reach 1 × 105 col-
ony forming units (CFU) per milliliter. Bacillus thuringiensis 
strains were seeded with a bacteriological loop forming a 
rectangle (Figure 1) in LB agar medium. The other environ-
ment bacteria suspensions were seeded in a straight line 
crossing the rectangle diagonally to create a population 
gradient in the simple streak. The dilutions were used to 
create “crossed rectangle” tests with three proportions of B. 
thuringiensis to other environment bacterial strains, includ-
ing 1:10, 1:1 and 10:1, respectively (13). The inoculated Petri 
dishes were incubated at 30°C for 24 hours and the types of 
different bacteria growth inhibition was recorded.

4. Results

4.1. Pigment Production
The number of colonies isolated from different soil sam-

ples was variable depending of the nature of the soil. On 
average, in these soil samples the number of Bacillus sp. 
colonies was between four and ten per 100 µL of soil sus-
pension that was plated on the plates. Bacillus thuringiensis 
ELI52 strain produced pigment in a different media with 
no L-tyrosine, giving colonies, which were dark brown in 
color, 21 hours after inoculation. However, the intensity of 
the color of the pigment was highest in the BHI medium 
(Table 1). Therefore, this medium was selected for the next 
experiments. The maximum production was in the late 
exponential phase of growth after 21 hours of inoculation.

Figure 1. Streaking in the Crossed Rectangle Used for the Qualitative 
Evaluation of Bacillus Thuringiensis Interaction With Other Environment 
Bacteria

Table 1.  Intensity of the Pigment Produced by Bacillus thuringi-
ensis ELI52 Grown on Different Agar Media for 21 Hours at 30°C

Media Pigment Intensity
Nutrient Agar (NA) +
Tris G salts agar +
Luria Bertani (LB) agar ++
Trypticase Soy Agar (TSA) +++
Brain Heart Infusion agar (BHI) ++++

4.2. Pigment Characterization
Primary characterization indicated that the brown 

recovered pigment was melanin. The pigment was in-
soluble in organic solvents (such as methanol, butanol, 
isopropanol, ether and acetone) and soluble in alkaline 
conditions such as 1M KOH and 1M Na2CO3. The dark 
brown pigment was bleached to a colorless state by ad-
dition of H2O2 (15%) and a brown precipitate was formed 
when 0.1 M FeCl3 was added to the pigment solution. 
The Fourier Transform Infrared (FTIR) spectra of the pig-
ment extracted from B. thuringiensis and the standard 
melanin were compared and showed absorbance peaks 
around 3300 cm-1 and 1650 cm-1, due to the absorbance 
of -OH, -NH2 and C = O respectively (Figure 2). The cul-
ture broth of the melanin-producing ELI52 strain was 
tested qualitatively for the presence of L-DOPA. When 
tested by the method of Arnow (10) there was formation 
of a red-orange color, indicating the presence of L-DOPA, 
which appeared in the culture of ELI52 during the late-
exponential phase of growth, between the 20th and 21st 
of growth. The concentration of L-DOPA was not mea-
sured quantitatively.

4.3. Ultra Violet Resistance
The comparative survival of the melanin-producing B. 

thuringiensis strain ELI52 and melanin non-producing 
strain ELI2 by UV irradiation at 254 nm and 365 nm, are 
shown in Figures 3 and 4, respectively. The experiment 
was done with biomass and cells at the same time and 
was repeated three times. At both wavelengths, the vi-
ability of the ELI2 was inactivated much faster than of the 
melanin-producing strain ELI52. However, this phenom-
enon was more significant at 254 nm than 365 nm. This 
effect was shown both with cells and biomass, yet the bio-
mass was more relevant. Therefore, it can be concluded, 
that melanin produced by ELI52 improved the resistance 
of the spores and vegetative cells to UV irradiation.
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Figure 2. The Fourier Transform Infrared Spectra of the Pigment Pro-
duced by Bacillus thuringiensis ELI52 and Standard Melanin
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Figure 3. Effect of Ultra Violet Irradiation at 254 nm on Biomass A) and Cells B) of ELI2 (♦) and ELI52 (■)
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Figure 4. Effect of Ultra Violet Irradiation at 365 nm on the Biomass A) and Cells B) of ELI2 (♦) and ELI52 (■)

4.4. Insecticidal Crystal Protein Analysis in Bacillus 
thuringiensis Strains ELI52 and ELI2

Melanin producer strains, ELI52 and ELI2, were incu-
bated until the sporulation phase, when the crystal 
protein analysis was performed using SDS-PAGE gels. As 
shown in Figure 5, the major bands of the ELI52 strain 
included 130-KDa protein corresponding to the Cry4A 
toxin, 68-KDa protein corresponding to the Cry11A toxin 
and 28-KDa protein corresponding to the Cyt1A toxin 
(lanes 2 and 5). These data of the protein analysis along 
with the crystal morphology (by phase contrast micros-
copy observation), presenting a spherical form, indicat-
ed that ELI52 strain was probably B. thuringiensis subsp. 
Israelensis, which is toxic to larvae of a wide range of 
mosquito species. The ELI2 strain presented other bands 
quite different to that of the ELI52 strain (lanes 1 and 6). 
However, more studies are needed to identify this strain 
at the subspecies level.

4.5. Analysis of the Confrontation of Bacillus 
thuringiensis Against Ambient Bacteria

The culture conditions described in this study favored the 
growth of B. thuringiensis, and its interactions with other 
environment bacteria in a paired challenge model could be 
either beneficial or antagonistic, depending on the abun-
dance of growth in LB. For the qualitative confrontation test, 
a crossed rectangle experiment (Figure 1) was designed. The 
types of growth of the different bacteria that was observed 
in the crossed rectangle model ranged from inhibition of 
bacteria in the first zone of interaction with B. thuringiensis 
to absence of inhibition along the entire streak, as shown 
in Table 2. As an approximation of the different environ-
ments in which microbial populations can vary, different 
proportions of bacteria were also used in the confrontation 
trials. In this way, it was observed that antagonism is more 
marked when there is a population of B. thuringiensis that is 
bigger than the population of the other bacteria.
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Table 2.  Effect of Co-Culture of Bacillusthuringiensis With Other Microorganisms, Based on the Crossed-Rectangle Model Experiment

B. thuringiensis Strain Dilutiona S. marcescens M. luteus K. pneumoniae S. aureus

ELI2 1:10 1 2 3 2

1:1 1 2 3 2

10:1 1 2 1 1

ELI52 1:10 1 1 3 2

1:1 1 1 2 1

10:1 1 1 1 1
a  The relation of dilutions indicate B. thuringiensis versus other microorganism. 1) Inhibition in the first streak, 2) inhibition in the second streak, 3) no 
inhibition of growth of the environment strain versus B. thuringiensis.

Figure 5. Protein Analysis by Sodium Dodecyl Sulfate in Polyacrylamide 
Gel Electrophoresis of Bacillus thuringiensis Strains ELI52 and ELI2 Ex-
pressing the Cry Genes

Lanes: 1 and 6, B. thuringiensis ELI2 10 µL and 15 µL, respectively; 2 and 5, B. 
thuringiensis ELI52 10 µL and 15 µL respectively; 3, molecular weight mark-
er; 4, blank.

5. Discussion
The use and acceptance of entomopathogen bacteria 

such as B. thuringiensis depends on prolonging the surviv-
al of the bacteria under field conditions to avoid repeated 
spraying. Sunlight irradiation is critical in the loss of bio-
logical activity of B. thuringiensis preparations due to UV 
irradiation at wavelengths ranging from 250 to 380 nm, 
which damages the spores as well as their δ-endotoxins 
(2, 14, 15). To overcome the problem of sensitivity to UV ir-
radiation of B. thuringiensis, some chemical screens have 
been found (16, 17). However, these chemical screens have 
some negative impacts on the environment. Melanin 
is a natural pigment that is easily biodegradable in the 
nature and can absorb radiation therefore it is a perfect 
photo protective agent.

Several research groups have obtained B. thuringiensis 
mutants producing melanin by successive rounds of UV 
radiation (3, 4) or by after treatment with a mutagenic 
agents (5-7). Although, these mutants were more resis-
tant to UV radiation, some of them lost their toxin-encod-
ing genes, due to mutations affecting the cry genes.

In this work, B. thuringiensis ELI52 was isolated as a wild 
strain with UV resistance and it was proven to produce 
melanin, therefore the insecticidal protein content was 
not affected due to any mutation or manipulation. The 
FT-IR spectrum of melanin produced by ELI52, was simi-
lar to that of the standard melanin from Sigma. Also the 
presence of L-DOPA was positively checked. This strain 
does not need L-tyrosine for the production of melanin. 
Therefore, the production of pigment by this strain is 
constitutive, thus this strain did not lose its insecticidal 
proteins and could tolerate UV with its insecticidal capac-
ity unaffected.

Protein analysis of the crystals produced by ELI52 strain 
showed that this strain was probably B. thuringiensis 
subsp. israelensis, however, more studies are needed to 
identify the strain at the subspecies level. The antagonis-
tic effect exerted by B. thuringiensis ELI52 could be due to 
secondary metabolites produced to act against different 
bacteria from the environment (18). This strain is a good 
bio-insecticide with UV-resistance that is probably toxic 
against the Diptera order of insects and can inhibit the 
growth of other environment bacteria. Therefore, it can 
be an economically cheaper option because repeated 
spraying is unnecessary. In this sense, we are working to 
determine the antimicrobial activity of the extract of this 
strain against several bacteria.
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