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Abstract

Background: Benzo[a]anthracene (BAA), also known as “tetraphene” belongs to the polycyclic aromatic hydrocarbons
(PAHs) which are considered as an important class of environmental genotoxins. The present work focused on the
evaluation of the efficiency of the biodegradation of the BAA by Bacillus amyloliquefaciens using animal bioassays,
which include micronucleus (MN) and DNA fragmentation as end point of genotoxicity of the resulting metabolites
from BAA biodegradation.

Results: B. amyloliquefaciens was exposed to different doses of γ radiation (0.5, 1.0, 1.5, and 2.0 kGy) kGy. The colonies
for the wild strain and its variants obtained after radiation were counted. The final counts for variant 3 (V3), variant 4
(V4), and variant 5 (V5) have been increased from its initial count by (0.3, 0.48, and 0.1 log cycle) respectively at 1 mg/
100 ml (BAA). For animal bioassay, male mice were divided into seven groups; control group received vehicle only,
groups II and III were injected with 5 and 10 mg/kg b.wt (BAA) respectively, and groups IV, V, VI, and VII were injected
with the residues of BAA after biodegradation with wild type, V3, V4, and V5 of B. amyloliquefaciens respectively.

Conclusions: Results of the micronucleus test and the DNA fragmentation as end point of genotoxicity of
(BAA) indicated that B. amyloliquefaciens have the efficiency in biodegradation of (BAA) to nongenotoxic
metabolites where (V3) and (V4) are more efficient than the wild type and (V5). So B. amyloliquefaciens could
solve the problem of soil and water contamination by oil spill or industrial petroleum waste by ecofriendly
manner.
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Introduction
Polycyclic aromatic hydrocarbons (PAHs) are considered
as pollutants which consist of two or more fused aro-
matic rings. It formed after incomplete combustion of
the organic materials such as fossil fuels, wood, or coal,
also present in the smoke of cigarette (Li et al. 2018). It
found in different environment places as fresh water,
marine sediment, sand, and also in the atmosphere.
These environmental pollution has a global concern;

this is because almost all PAHs are highly toxic, muta-
genic, and carcinogenic to humans, plant, and also to
microorganisms (Rengarajan et al. 2015). Wiley (2012)
mentioned the genotoxicity and carcinogenicity to ben-
zo[a]anthracene (BAA). Jacob et al. (1983) proved that

the formation of epoxides and dihydrodiolsas is a result
of BAA metabolization. The PAHs metabolizing en-
zymes are present in all tissues and are involved in de-
toxification of BAA as indicated by Slooff et al. (1989).
DNA adducts were formed in epithelial cells and blood
lymphocytes, and unscheduled DNA synthesis was ob-
served in HeLa cells; in addition, BAA was found to be
genotoxic in many different organisms in vivo (McCar-
rick et al. 2019). Toxic effects of BAA, benzo-a-pyrene
(BAP) and naphthalene were described in experimental
embryo of animals and laboratory studies conducted on
mice have demonstrated that ingestion of high levels of
BAP during pregnancy results in birth defects and a de-
creased body weight in the offspring (Ng et al 2009).
Also, the Environmental Protection Agency (EPA) has

classified the following seven PAH compounds as being
one of the cause of human carcinogens: BAA, BAP,
benzo(b) fluoranthene, benzo(k)fluoranthene, chrysene,
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dibenz[a,h]anthracene, and indeno (1,2,3-cd) pyrene
(Ramesh et al. 2010).
Bone marrow where the rapid cell proliferation occurs

is the most preferred organ for the evaluation of geno-
toxicity of different chemicals (Vikram et al. 2007). The
micronucleus (MN) test is widely used for screening the
genotoxic potential of different agents (Asanami et al.
1995). Micronuclei are formed in dividing cells due to
either a compound’s interaction with DNA leading to
breakage of chromosome or of its interaction with
non-DNA targets leading to loss of chromosome (De
Boeck et al. 2005). This bioassay is recommended for
genotoxicity evaluation and has become increasingly
common for regulatory acceptance. For the in vivo geno-
toxicity studies, the mice is preferred than the rats
(Ramirez-Munoz et al. 1999).
Microbial degradation is considered to be the main

process involved in the bioremediation of PAH (Yuan et
al. 2002). This method was better than physical and
chemical such as combustion, photolysis, and ultrasonic
decomposition; this is due to their ecofriendly and envir-
onmental way for removal of PAHs (Toledo et al. 2006).
Some microorganisms have the ability to utilize PAHs as
a source of carbon and energy and degraded them to
carbon dioxide and water, or transformed to other non-
toxic or low-toxic substances (Perelo 2010).
Partila (2013) determined BAA degradation percentage

by different isolates with HPLC and indicated that the
best BAA degrader was MAM-62; this isolate degraded
39% of 500 μg/L BAA. And identified by DNA sequen-
cing as Bacillus amyloliquefaciens with accession No.

JN03805, Bacillus amyloliquefaciens is a non-pathogenic
soil bacterium capable of producing endospores allowing
it to survive.
For extended periods of time, it also shows some anti-

fungal properties which are influenced by environmental
nitrogen availability (Caldeira et al. 2008).
Also the intermediates as determined by GC-MS ana-

lysis of BAA degradation by B. amyloliquefaciens after
24-h incubation are hexanoic acid, hepatanoic acid,
benzeneethanol, hexanoic acid,2-ethyl, octanoic acid,
nonanoic acid, indol-5-aldhyde, n-hexadecanoic acid,
benz(a)anthracene 7,12 dione, and b-sitosterol acetate
(Partila 2013). The proposed pathway for degradation of
BAA by B. amyloliquefaciens, as shown in Fig. 1, consid-
ered as novel pathway for the bacterial metabolism of
BAA. This pathway contains a set of metabolites, not
present in previously known pathways, like benzo[a]qui-
none, phthalic acid, phthalicaciddehydroxy, phthalic acid
methylester, hydroxytetralone, naphthalonedione and
dihydroxy naphthalene (Cajthaml et al. 2006), and
BAA-dihydrodiol (Schneider et al. 1996). Also, the vari-
ants showed better results than a wild type; this may be
due to a variety and increasing of enzymes which in-
crease the rate of biodegradation for BAA. The parent
strain MAM-62 produced nine intermediates. However,
the mutant strain MAM-62(4) produced 15 intermedi-
ates (Partila 2013).
So, the aim of this work is to evaluate the efficiency of

Bacillus amyloliquefaciens for biodegradation of the
(BAA) by using micronucleus (MN) and DNA fragmen-
tation as end point of BAA genotoxicity.

Fig. 1 Proposed pathway of benzo-a-anthracene degradation by B. amyloliquefaciens (Partila 2013)
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Material and methods
Bacillus amyloliquefaciens culture media and treatments
The bacterial strain was Bacillus amyloliquefaciens with
accession No. JN038054. BAA was purchased from
(AcRos organics, New Jersey, USA). B. amyloliquefaciens
was inoculated in LB (Luria-Bertani) broth medium pre-
pared according to Martin et al. 1981 and incubated at
30 °C for 24 h in shaking incubator. The well grown bac-
terial culture were centrifuged at 8000 rpm for 10 min
and washed twice with basal salt media (BSM) (Ogawa
and Miyashita 1995). The washed bacterial cells were re-
suspended in BSM supplemented with 1 mg/100 ml
BAA. The bacterial count for the bacterial culture was
determined after 7 days incubation to confirm their abil-
ity to grow and degrade the compound.

Effect of gamma radiation on the viability of the most
potent strain
B. amyloliquefaciens was grown in LB broth medium for
24 h at 37 °C in shaking incubator (150 rpm). The well
grown bacterial cells were harvested by centrifugation at
8000 rpm for 10 min then washed and resuspended in
sterile saline. Cell suspensions were distributed into
5.0 ml sterile screw capped test tubes and then exposed
to different doses of gamma radiation (0.5, 1.0, 1.5, and
2.0 kGy) (Indian cell Co-60) with dose rate kGy/15 min
in the National Center for Radiation Research and Tech-
nology (NCRRT), Nasr City, Cairo, Egypt. Three repli-
cates were used for each dose. Serial dilution and pore
plate technique were established. The plates were incu-
bated at 30 °C for 24 h. The changes in morphological
characters (color, shape, margin, size) of the colonies at
different doses were picked up as variants.
Each picked irradiated bacterial colony was inocu-

lated in LB broth medium and incubated at 30 °C for
24 h in shaking incubator along with the wild type B.
amyloliquefaciens.
The well-grown bacterial culture were centrifuged at

8000 rpm for 10 min and washed twice with BSM.
The washed bacterial isolated strains were used to in-

oculate 100 ml BSM in 250 ml conical flask amended
with 0.5 mg of BAA. Three replicates were used for each
concentration for each strain. The inoculated flasks were
incubated at 30 °C in shaking incubator.
Samples were examined for O.D. at 600 nm by using

spectrophotometer (LW-V-200 RS UV/Vis., Germany)
and for count of cells (CFU/ml) at the beginning and
after 1, 2, 7, 14, and 21 days incubation (Partila 2013).

Experimental animals and treatments
Swiss albino male mice weighting 20–25 g were obtained
from National Center for Radiation Research and Tech-
nology, Cairo, Egypt. They were housed in steel mesh
cages in a temperature of 25–30 °C with alternating 12 h

light and dark cycles and allowed free access to standard
diet and tap water. The animals were housed five mice
per cage and randomly divided into seven groups, five
mice for each group. Group I was used as control
treated with the vehicle only i.p.(0.1 ml DMSO diluted
with 0.2 ml saline). Groups II and III were injected by
(BAA), which was dissolved in the vehicle, at dose of 5
and 10 mg/kg b.wt. respectively. Groups VI, V, VI, and
VII were injected i.p. with the residues of the equivalent
dose of 10 mg/kg b.wt. after biodegradation with wild
type, V3, V4, and V5.

Micronucleus assay
The animals were sacrificed after 24 h of treatment and
the bone marrow was collected for the micronucleus
assay (Schmid 1975) modified from the femurs were
washed with 2 ml of fetal calf serum (Sigma) in a centri-
fuge tubes, homogenizing the cell suspension, and
centrifuging it at 1000 rpm for 10 min, after which the
supernatant was partially discarded to leave few drops of
fetal calf serum in which the cell pellet was
re-suspended and then smeared on clean and dry slides,
which then fixed with absolute methanol for 10 min and
stained for 8 min with 5% (v/v) Giemsa stain diluted
with phosphate buffer (Na2HPO4 0.06 M and KH2PO4

0.06 M, pH 6.8). For each animal, 1500 polychromatic
erythrocytes (PCEs) were analyzed to ascertain the fre-
quencies of micronuclei and micronucleated cells in
mice exposed to the different treatments. The slides
were scored blindly according to the established criteria
(Titenko-Holland et al. 1997). Microscopic examination
was done under oil immersion using (LeitzWetzlar,
Germany)—Orthomat binocular optical microscope with
magnification × 1000.

DNA fragmentation assay by diphenylamine
Quantification of fragmented DNA was estimated by di-
phenylamine (DPA) assay. The method was carried out
according to Perandones et al. (1993). Cell lysates was
obtained by mechanically dissociation of 0.5 g. of liver in
400 μl hypotonic lysis buffer which was prepared by dis-
solving 5 mM, tris HCl, 20 mM EDTA, and 0.5%
Triton-100 in distilled water then the solution was ad-
justed to 100 ml. The cell lysates were centrifuged then
the supernatant containing small DNA fragmentations
was removed in another tubes and the pellet containing
large pieces of DNA and cell debris was left in the tubes,
then the reagent was added as following TCA 10% then
centrifuge; the precipitate was resuspended in 400 μl 5%
TCA. The tubes were incubated in boiling water for
30 min and then were centrifuged. The extracted DNA
was left to cool at room temperature. Further, 1 ml DPA
solution (0.88 M diphenylamine dissolved in 98% glacial
acetic acid) then 1.5% concentrated sulfuric acid was
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added to the solution. This solution was stored in a dark
glass bottle. On the day of use, 0.5% of freshly prepared
(1.6% v/v acetaldehyde) was added to 0.5 ml of extracted
DNA and the samples were kept at 4 °C for 48 h. The
absorbance of samples was recorded at 578 nm. The
percentage of DNA fragmentation was expressed by the
formula:

%DNA fragmentation ¼
O:D:of supernatant= O:D:of supernatant þO:D:of pelletð Þ½ � � 100

Statistical analysis
The data obtained in the present work were represented
as mean ± standard deviation. Statistical analysis was car-
ried out using (Statistical Package for Social Science)
(SPSS) software version 20 for windows; significant dif-
ferences among groups were evaluated using one-way
analysis of variance (one-way ANOVA); least-significant
difference (LSD) was used for multi-group comparisons.
P values ≤ 0.05 were considered as significant (Festing
and Altman 2002).

Results
The bacterial growth and count
The growth of B. amyloliquefaciens wild type and its vari-
ants in 1 mg/100 ml BAA as indicated in Table 1 cleared a
variation in the O.D., but in all samples the final OD was
not higher than the initial OD so in this experiment, it was
not recognized which sample can get the highest growth
under the effect of BAA, which could be cleared in the bac-
terial count experiment. Table 2 indicated that the initial
count in 1 mg/100 ml BAA for variants (V1 and V2) was
(36 × 106 and 18 × 106 CFU/ml) respectively. It was cleared
to be more than its count after 21 days incubation (6 × 106,
3 × 106CFU/ml) respectively. But for the other variants V3,
V4, and V5, the count after 21 days incubation was (76 ×
106, 83 × 106, and 40 × 106 CFU/ml) respectively exceeding
their initial count (36 × 106, 27 × 106, and 32 × 106 CFU/ml)
respectively. According to these results, only V3, V4, and
V5 were chosen for further evaluation by animal bioassay.

Effect of BAA on the formation of micronuclei
As shown in Table 3, a significant increases in the per-
cent of micronuclei induction in the groups that were
injected with (BAA) at different doses as compared with
the control group. As expected, the significant increase
in the total number of the cells with MN, mononucle-
ated cells, binucleated cells, and multinucleated cells was
proportionally related to the dose of (BAA). On the
other hand, the genotoxic effect of (BAA) residue, after
biodegradation with wild and variant types of bacteria,
was significantly lower than that before biodegradation
but still significantly higher than that of control group
except for the groups of variant 3 and variant 4 which
have non-significant genotoxic effect as compared with
the control group.

Effect of BAA on the % of DNA fragmentation
The percentage of DNA fragmentation increased pro-
portionally with increasing the dose of BAA as shown in
Fig. 2. The genotoxic effect of BAA significantly reduced
after the biodegradation with wild and variant types of
bacteria as compared with that before biodegradation.
Meanwhile, the residue of biodegradated BAA with V3
and V4 has insignificant genotoxic effect as compared
with control group; the residue from V5 is still signifi-
cantly higher as compared with control group.

Table 1 The growth of the wild type and variants during 21 days incubation. Data expressed as mean ± standard deviation

Variants OD 600 of the Variants

Initial (zero time) 1 days 2 days 7 days 14 days 21 days

Wild type 1.40 ± 0.20 1.15 ± 0.01 1.17 ± 0.03 1.02 ± 0.03 0.87 ± 0.01a 0.87 ± 0.05a

V1 1.07 ± 0.02 0.92 ± 0.03 0.96 ± 0.03 0.78 ± 0.01 0.75 ± 0.00 0.64 ± 0.06 a

V2 1.12 ± 0.03 0.87 ± 0.02 0.87 ± 0.05 0.71 ± 0.08 0.67 ± 0.01 0.60 ± 0.08a

V3 0.96 ± 0.01 0.81 ± 0.03 0.64 ± 0.01 0.42 ± 0.05 0.33 ± 0.03a 0.39 ± 0.00

V4 1.07 ± 0.04 0.97 ± 0.09 0.96 ± 0.01 0.59 ± 0.01 0.42 ± 0.06a 0.50 ± 0.06

V5 1.06 ± 0.06 0.88 ± 0.01 0.88 ± 0.04 0.56 ± 0.04a 0.57 ± 0.02a 0.57 ± 0.02a

asymbol mean the result of O D is significant from the initial for the same strain. The mean difference is significant at the 0.05 level. Data expressed as mean ±
standard deviation significant results indicate OD decreased at that day as compared by the initial day for the same strain

Table 2 The counts of the wild type of B. amyloliquefaciences
and the variants at initial and after 21 days incubation. (p = 0.05)

Strains Initial count Log N Count after 21 days LogN

wild type 120 × 106 8.79 ± 0.04 33 × 106 7.51 ± 0.05a

V1 36 × 106 7.55 ± 0.03 06 × 106 6.77 ± 0.07a

V2 18 × 106 7.25 ± 0.05 03 × 106 6.47 ± 0.07a

V3 36 × 106 7.55 ± 0.01 76 × 106 7.88 ± 0.04 a

V4 27 × 106 7.43 ± 0.03 83 × 106 7.91 ± 0.01 a

V5 32 × 106 7.50 ± 0.05 40 × 106 7.60 ± 0.06
aMeans a significant log N after 21 days incubation with log N at initial time
for the same isolate and Log N for V3, V4 and V5 were more than the rest
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Discussion
Many studies previously showed that MN is a biomarker
of chromosomal damage, but now we should reconsider
MN as an important cause of genetic variation that may
be critical during the genesis of some diseases and can-
cer (Bayram et al. 2016). Chromothripsis, a sole pattern
of localized chromosome rearrangements and it was sug-
gested that DNA damage from MN could lead to a mod-
erate level of rearrangement (Zhang et al. 2015). As
indicated in Table 1, the variation of O.D. may be due to
the interference between the yellow color of BAA and
the turbidity of the B. amyloliquefaciens growth, so as
Juhasz et al. (1997) observed that the culture super-
natant turned to a yellow color when BAA was utilized
as a sole carbon and energy source. In addition, the de-
crease in the amount of PAH was evidenced by a color
change in the medium and was approved by GC-MS
analysis of BAA degradation by B. amyloliquefaciens as
was mentioned by Partila (2013).

Bacteria initiate PAH degradation by the action of
intracellular dioxygenases; the PAHs must be taken up
by the cells before degradation takes place (Smith 1990).
In the present study, the count after incubation time as
indicated in Table 2 was less than the initial in the case
of wild, V1, and V2; this may be due to the decrease of
the enzymes necessary for the consumption of the com-
pound. While in the case of V3, V4, and V5, the final
count were more than the initial, better than the wild
type, V1, and V2; this may be due to the sufficient en-
zymes which are secreted by these variants that might
play an important role in the transformation and the
degradation of BAA.
PAH dioxygenase (PDO) and catechol 2,3-oxyenase

(C23O) are identified as two key PAH-degrading-related
enzymes (Meyer et al. 1999). However, to the best of our
knowledge, there is no information regarding the simul-
taneous change of these key enzyme activities in a bio-
degradation process (Grifoll et al. 1995).

Table 3 The effect of (BAA) or its residues after biodegradation by different types of bacteria on the induction of MN. Showing MN
cells: total cells with MN, Mono-MN cells: with one MN, Bi-MN cells: with two MN, Multi-MN cells: with more than two MN. p < 0.05)

Group No. of cells
examined

Mean ± SD of percentages

Normal cells MN cells Mono-MN cells Bi-MN cells Multi-MN cells

DMSO 7516 99.57 ± 0.04 0.43 ± 0.04 0.17 ± 0.04 0.23 ± 0.10 0.03 ± 0.04

(BAA) 5 mg/kg b.wt. 7517 97.59 ± 0.38ab 2.41 ± 0.38ab 1.56 ± 0.27ab 0.64 ± 0.08ab 0.21 ± 0.10ab

(BAA) 10 mg/kg b.wt. 7510 92.93 ± 0.29a 7.07 ± 0.29a 3.57 ± 0.13a 2.36 ± 0.15a 1.15 ± 0.26a

Wild + 10 mg/kg b.wt. 7524 95.81 ± 0.25ab 4.19 ± 0.25ab 2.35 ± 0.31ab 1.33 ± 0.16ab 0.51 ± 0.19ab

V3 + 10 mg/kg b.wt. 7520 99.35 ± 0.06b 0.65 ± 0.06b 0.33 ± 0.05b 0.27 ± 0.05b 0.05 ± 0.03b

V4 + 10 mg/kg b.wt. 7523 99.38 ± 0.08b 0.62 ± 0.08b 0.37 ± 0.08b 0.20 ± 0.08b 0.05 ± 0.06b

V5 + 10 mg/kg b.wt. 7515 99.15 ± 0.09ab 0.85 ± 0.09ab 0.49 ± 0.04ab 0.29 ± 0.08b 0.07 ± 0.05b

aComparison with DMSO
bComparison with 10 mg/kg b.wt

Fig. 2 The effect of (BAA) or its residues after biodegradation by different types of bacteria on the % of the DNA fragmentation. (p< 0.05), a: comparison
with DMSO group, b: comparison with (BAA)10mg/kg bwt. group
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Ting et al. (2011) showed that the degradation rate
constants for phenanthrene and pyrene increased when
the PAH concentration in the cultures contains (from 2
to 50 mg/lPAHs). But, at the level of 100 mg/l, the deg-
radation rate does not change due to the failure of the
organism to degrade the remaining PAHs after 6 days. It
appears that the organism entered an inactive phase
after 6 days incubation in the liquid culture.
It is well known that very few organisms have been

able to degrade a single compound completely (You-Q-
ing et al. 2008). Bacillus cereus and Bacillus megaterium
were observed consuming 65.8% and 33.7% of pyrene
(50 mg/l) within 3 weeks, respectively.
The results of control group presented micronucleated

cells < 3/100 cells which are the normal value of the
mean spontaneous micronucleus frequency (Salamone
and Mavournin 1994). The present data is in agreement
with many previous studies indicated that bone marrow
cells of mice are susceptible to the genetic damaging ac-
tion of BAA. This damage is due to the effect of metabo-
lites of BAA which have been indicated for their ability
to induce mutations, cell transformation, and form nu-
cleic acid adducts covalently (Conney 1982). Even with-
out external metabolic activation, BAA caused DNA
strand breaks (Platt et al. 2008). The 3,4-diol-1,2-epoxide
metabolite is mutagenic; its metabolic precursor, the
3,4-dihydrodiol, is also mutagenic. The 3,4-dihydrodiol
and a 3,4-diol-1,2-epoxide also have high carcinogenic
activity (Li et al. 2018). DNA analysis from skin of mice
or cultured cells treated with BAA indicates that a
3,4-diol-1,2-epoxide and a 8,9-diol-10,11-epoxide form
nucleic acid adducts covalently (IARC 1972).
For some metabolites from other work like ben-

z[a]anthracene-trans-3,4-dihydrodiol (BA-3,4-dihydro-
diol) which consider the minor metabolite getting
from BAA, it shows higher mutagenicity and tumori-
genicity than parent BAA; this cause the damage of
DNA. Its liberation enhanced by addition of NADH.
Also, BA o-quinone type metabolite, benz[a]anthrace-
ne-3,4-dione (BA-3,4-dione) both induced oxidative
DNA damage in the presence of cytochrome P450 re-
ductase (Seike et al. 2003). Cooper et al. (1980) de-
clared that diol-epoxide for anthracene thought to be
involved in the binding of BAA to DNA in some situ-
ations reacts mainly with deoxyguanosine.

Conclusions
From the results of the present study, it could be con-
cluded that B. amyloliquefaciens and its variants have
the efficiency in biodegradation of (BAA), which are
considered as an important class of environmental geno-
toxins; this is confirmed by micronucleus (MN) and
DNA fragmentation as end point of genotoxicity of BAA
and its resulting metabolites. So, B. amyloliquefaciens

may be used for degradation of BAA in contaminated
water and soil by oil spill or industrial petroleum waste.
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