L, Internattéd Journal of Advanced Biotechnology and Research
. /( / " ISSN 0976-2612, Online ISSN'22599X,
Uhold 1 Vol 3, IgsB, 2012, pp 570-577
http://www.bipublication.com

Journals

STRAIN IMPROVEMENT OF A POTENT BENZO-A-PYRENE
(BAP) DEGRADER Bacillus Subtilis BMT41 (MTCC 9447)

Madhuri K. Lily *, Ashutosh Bahuguna, Kamlesh Kumar Bhatt?,
Veena Gard, and Koushalya Dangwal’

! Department of Biotechnology, Modern Institute &chnology (MIT), Dhalwala,
Rishikesh-249201, Uttarakhand, India.
’Department of Bioscience and Biotechnology, Barastniversity, Rajasthan, India.
*Corresponding author: e-mail: kdangwall@yahoorto.i
Tel. Ph: +919897839590; +911352435220; Fax: +91439260)

[Received-30/05/2012, Accepted-16/06/2012]

ABSTRACT

Benzo [a] pyrene (BaP), a pentacyclic polyaromhtidrocarbon, is 1 of the 12 target compounds défine
in the new US Environmental Protection Agency'sitgtgy for controlling persistent, bioaccumulatiaad
toxic pollutants. We previously isolated a noveastBacillus subtilis BMT4i (MTCC) capable of utilizing
BaP as sole source of carbon and energy and degr&#P via an inducible chromosomally encoded
pathway. The present study was done to improveBidde degradation ability dB. subtilis BMT4i by
means of inducing random mutations through treaiMir4i with physical mutagen (UV irradiation) or
chemical mutagens such as ethyl methane sulfoS), 5-bromo uracil (5-BU) and acridine orange
(AO). The observation showed that a UV mutant BMiidv2, amongst various other mutants exhibited
highest BaP degradation up to 62% which was sigpnitly superior in comparison to the control wijge
BMT4i that showed 46% BaP degradation. The BMT4ithwvas further characterized by time course
experiment which showed almost 100% BaP degradatiocompletion of 28 days in contrary to 84.66%
by control wild type BMT4i confirming a substantishprovement of the BaP degradation potential of
BMT4i after treatment with physical mutagen UV (2%4#). The growth scenario of the mutant was found
to be somewhat different. BMT4imuv2 showed a steepease in the log values reaching to 16.60 &fter
days attaining maxima of 45.47 lggCFU/mI after 7 days. Further, increase in incubatperiod led to

decline in the cell number reaching 0.00 after 28sd In view of the above, it could be concludest th
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BMT4imuv2 is an improved version of BMT4i havingsaperior capability of BaP degradation, hence it

could serve as a leading biological weapon to réatedaP contaminated sites.

Key words: Bacillus subtilis BMT4i (MTCC 9447), Benzo-a-pyrene (BaP), Biorenatidin, CFU/m,

Mutagen.

[l INTRODUCTION

Benzo [a] pyrene (BaP), a high molecularviolet irradiation (UV 254 nm) or chemical
weight polycyclic aromatic hydrocarbon mutagens including alkylating agent EMS, base
(HMW-PAH) containing five benzene rings, is analogue 5-BU and DNA intercalating
commonly found as pollutant in the air, water,fluorescent cationic dye AO. The improved
and soil [1]. Due to its multiple ring structure mutant BMT4i strain could serve as a potent
and low aqueous solubility, BaP is biological weapon in the development of an
thermodynamically stable and recalcitrant toeffective bioremediation protocol for the
microbial degradation [2, 3, 4]. BaP has beeremoval HMW-PAH including BaP from
shown to possess potent carcinogenicgcontaminated soil.

genotoxic and cytotoxic properties [5, 6, 7, 8].[”] MATERIAL AND METHODS

The removal of BaP from contaminated soil2 1. Chemicals and reagent8aP (99.9%) was
during remediation is essential in order to meeE).ur-chased from  Supelco (BeIIef(-)nte PA)

current “clean up” standards. Microbial Tryptone, peptone, beef extracts, bacto-agar,

degradation of BaP may play a major role 'nyeast extract, dextrose, EMS, 5-BU and AO

th? decontamir.lation of sediment and SurTaC(\':‘/vere obtained from HiMedia Laboratories
SOIIS.[g’ .10]' T_'” today, only a few bacterial (Mumbai, India). General chemicals, including
SPecies, ||jclud|ng\/lycobacter!um sp [11, 12, constituents of basal salt mineral medium
13],  Sphingomonas pa‘,*‘?'mb"'s [14], (BSM) and solvents of analytical grade were
Strenotrophpmonas maltopfnha [15, 16] and purchased from Glaxo (Mumbai, India) and
Mycobacterium vanbaalenii Pyr-1; [17], are

) i Merck (Mumbai, India).
capable of degrading BaP co-metabolically. 2. Improvement of the BaP degradation
However, no study has yet demonstrate

tilizati ¢ BaP as th | ¢ carb ability of the BMT4i
utilization ot Bar™ as the sole source ot car 0qmprovement of the BaP degradation ability of

andhfanergy [4, 18, ig]' q iously § BMT4i was attempted by inducing random
In this context, we have reported previously " mutations as a result of treating BMT4i with

the first time, utilization of BaP as a S(.)Ief sourceIohysical mutagen eg. ultra-violet irradiation
of c.a.rbon a”‘? energy by nove! strQEC|IIus (UV 254 nm) or chemical mutagens including
subtilis BMT4i (MTCC 9447) which is able to EMS, 5-BU and AO.

degrade more than 80% after 28 days growth

via an inducible chromosomally encoded2.2.1. Treatment with physical mutagen: UV

pathway [20, 21]. As an extension of ourirradiation

previous study, the present work was |l the experiments were set up in triplicates.
performed to improve the BaP degradationgor improving the BaP degradability of BMT4i
ability of BMT4i by inducing random py physical mutagen, the BSM-Dextrose (1%;
mutations with physical mutagen eg. ultra-gs\vp) plate containing distinct colonies of
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BMT4i was exposed to UV irradiation (254 48 h. The plate with distinct colonies {10
nm) at the distance of 5 cm in a UV irradiation“dilution) was selected for further investigation.
chamber (Vikrant Equipment India) for 15 min. Ten bigger sized colonies each of AO, EMS
UV treated 10 bigger colonies were inoculatedand 5-BU treated BMT4i culture were selected
into 5 ml BSMD broth and incubated for 24 hfrom BSM-BaP plate and grown in 10 ml
at 37C with constant stirring. After the BSMD broth till the O.D. reaches one
incubation, 10Qul of each UV treated BMT4i (approx.16 cells/ml). The 10 BMT4i isolate
culture were diluted up to 1010"° and each cultures from each of the AO, EMS and 5-BU
dilution was spreaded onto the BSM-BaP agatreated BMT4i cultures were washed thrice
plates and incubated at°87for 48 h. The plate with BSM and cell numbers were adjusted upto
with distinct colonies (I6dilution) was 10" cells/ml. The 1.0 ml BSM suspension
selected for further investigation. Ten biggerculture of each of the ten BMT4i isolates
colonies of all the UV treated BMT4i culture cultures was inoculated in 10 ml BSM-BaP
were selected from the BSM-BaP agar platéoroth separately and grown at°G7for 7 days.
and grown in BSMD till the O.D. reaches oneAfterwards, CFU/ml and efficiency of BaP
(approx.18 cells/ml). The UV treated BMT4i degradation were determined for each chemical
cultures of each of the ten isolates were washeshutagen treated isolates of BMT4i.

thrice with BSM and the cell numbers were
adjusted to10cells/ml in BSM. Subsequently,
1 ml of each of the ten UV treated BMT4i
culture was inoculated in 10 ml BSM-BaP
broth and grown at 3C for 7 days. Among the different mutant isolates of BMT4i,
Thereafter, the viability of BMT4i in all the 10 the one which showed significantly enhanced
cultures was determined by CFU count method@rowth and BaP degradation was considered as
and the BaP degradation efficiency of UVimproved mutant and was further characterized.
treated BMT4i isolates were determined byThe BaP degradation and growth kinetics of
HPLC analysis of the BaP metabolites inimproved mutant were studied and compared
methanolic extracts purified from cultures byWith that of the wild type BMT4i as mentioned
ethyl acetate extraction as mentionedPreviously [20, 21].

previously [20, 21]. [l RESULTS

2.2.2.Treatment with chemical mutagen 3.1. Improvement of the BaP degradation

Similarly. for chemical mut treatment. th ability of the BMT4i
imilarly, for chemical mutagen treatment, the, ., o\ ement in the BaP degradation ability

BMT4i (10° gells) was inoculated in 10 'm.l was attempted by inducing random mutations
BSMD broth in three separate flasks contaunlngln the BMT4i by treating it with physical

40 pg/ml each of AO, EMS r:)md >-BU mutagen (UVs) or chemical mutagens
respectively and grown for 24 h at°@7 After including EMS, 5-BU and AO
the incubation, each mutagen treated BMT4i ’ '
cultures were washed three times with BSM to3.1.1. Treatment with physical mutagen: UV
remove trace of chemical mutagens and finallyrradiation
suspended in 1 ml BSM. 100 BSM cultures  The attempt to improve the BaP degradation
of each chemical mutagen treated cultures wergpijlity by random induced mutation with UV

H 0
diluted up to 18-10"° and spreaded onto the (254nm) resulted in the isolation of ten UV
BSM-BaP agar plates and incubated &C3for  ytants of BMT4i designated as BMT4imuvl,

2.2.3. Characterization of the BaP
degradation ability of improved mutant
BMT4i
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BMT4imuv2, BMT4imuv3, BMT4imuv4, Fig. 2: Comparison of BaP Degradation Efficiencies
BMT4imuvs BMT4imuvé BMT4imuv7. @s Shown by Various EMS Mutants of BMT4i in
BMT4imuv8, BMT4imuve, BMT4imuv10. All  SoM-BaP After 7 Days

the above said mutants were checked foz il 1
superior BaP degradation capabilities. Amonc=

BH
B

30 ,
the ten mutants, one mutant BMT4imuv2 = ) ‘1‘ f& % T &I _} 0 %
exhibited highest BaP degradation up to 62% = 41 I O I B O T o R
[Figure-1] followed by BMT4imuve (54%) o 3104 (o o [ 61 Fof B B 0 b
which is better than that showed by control = 0 S S I 5 0 5 I o A
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2 , el , As shown inFigure-2, it could be clearly
£ observed that none of the EMS mutants
v 1 4 revealed any significant enhancement in BaP
A § 888488 . degradation in contrast to the wild type BMT4i
¥ &@ &g&‘ &g\@ &g‘\@ &g@ & (46%) except BMT4imems7 (52.23%). The
PA A LSS BaP degradation efficiency of the EMS mutants
@Q\ ) namely BMT4imemsl, BMT4imems2,

BMT4imems3, BMT4imems4, BMT4imems5,
Most of the UV mutants including BmT4imems6, BMT4imems7, BMT4imemss,
BMT4imuv4, BMT4imuv5, BMT4imuv7 BMT4imems9 and BMT4imems10 was found
BMT4imuv8 and BMT4imuv9 showed BaP to be 46.30, 50.24, 40.7, 42.96, 48.34, 43.72,

degradation of approximately 42.92, 45.5, 46.252 23, 45.82, 41.68 and 34.99% respectively.
41.7 and 49% respectivellfigure-1] whichis 3122 5.BU

qUite similar to that of the control wild type 5-BU was emp|0yed for improving the BaP
BMT4i (46%). However, two of the UV degradation efficiency of BMT4i. For that, ten

mutants designated BMT4imuv3 (33%) ands-BU mutants were studied for their BaP
BMT4imuv10 (38%) resulted in decline of BaP degradation efficiencies. Out of the ten

degradability. mutants, BMT4imbul, BMT4imbu4 and
3.1.2. Treatment with chemical mutagen BMT4imbu5  demonstrated the  slight
3.1.2.1. EMS enhancement in % BaP degradation of 53.49,

Ten EMS mutants of BMT4i (ranging from 50,19 and 51.66 respectivelFigure-3] as

BMT4imemsl to BMT4imemsl10) were compared to that of 46% showed by control.
selected and were compared with the control

BMT4i for their BaP degradation efficiency.
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Fig. 3: Comparison of BaP Degradation Efficiencies Fig. 4: Comparison of BaP Degradation Efficiencies
as Shown by Various 5-BU Mutants of BMT4i in as Shown by Various AO Mutants of BMT4i in

BSM-BaP After 7 Days. BSM-BaP After 7 Days
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\{1 &5} &\ &\ &\ &5.\ &5} &5.\ &\ &5.\ &\\Q 3.2. Characterization of the BaP degradation
@ ’Q\ 'K‘\ ’Q*\ 'K‘\ 'K‘\ 'K‘\ 'ﬂ‘\ \‘\ 'K‘\ \Q ability of BMT4imuv2
r@ "17 "b "17 "17 Q’ "11 Q? % % %\"‘ Among various BMT4i mutants, a UV mutant
U BMT4imuv2 showed noteworthy increment

Rest of the mutants, BMT4imbu2 (40%), (1.5X) in the BaP degradation in comparison to

BMT4imbu3 (48.69%), BMT4imbu6 (49.28%), the control. Therefore, it was tentatively
BMT4imbu7 (44.3%), BMT4imbu8 (47.82%), considered as the improved version of BMT4i.
BMT4imbu9 (45%) and BMT4imbul0o N order to confirm and to exclude any

(46.23%) showed comparable BaP degradatioRSsibility of doubt regarding the improvement,
as that of the control BMT4i. the degradation ability of BMT4imuv2 was

31.2.3. AO further characterized by performing growth

Random mutations induced by AO did notkinetics and BaP  degradation  kinetic
result in any noteworthy augmentation in Bapexperiments for 0, 7, 14, 21 and 28 days.

; ; ; Fig. 5: Characterization of Growth and BaP
degradation of BMTAI. . Compa'lratlve Degradation Efficiency of Mutant BMT4imuv2 (A)
assessment of BaP degradation potential of teg,q control wild type BMT4i (B) in BSM-BaP
different AO mutants namely BMT4imao2, A
BMT4imao3, BMT4imao4, BMT4imao5,

BMT4imao6, BMT4imao7, BMT4imao8, 100

=
=

atiom of

BMT4imao9 and BMT4imao10 revealed BaP =z 80 =3
degradation of 43.8, 41, 36, 30, 32.66, 47.2Z = W=o2
44.1, 27.7 and 45.9% respectively. The mutan 2 40 2 O
BMT4imaol showed better BaP degradation 05 = 20 ;E
55.2% as compared to the control BMT4i:: 0¥ 0 =
[Figure-4]. The data indicated noteworthy 0 S 1w 15 20 25 3
decline in BaP degradability of most of the AO Incubation Time (Days)

mutants.
—i— "% BaP Degradation -- -#--- log CFU/ml
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B version of BMT4i having a superior capability

100 ) o of BaP degradation.

9% 1 A 135 [IV] DISCUSSION
801 b 13 In general, strain improvement is considered as
;E Lo one of the major process involved in the
0l LN Iy achievement of higher titers of industrial
0l L s metabolites [22]. Conventionally, strain
0, ' ’ improvement has been achieved through
W mutation, selection, or genetic recombination
10 T8 [23]. Among these, the mutation induction
0 . . . . . 0 using physical and chemical mutagens is the
0 i 10 320 B3N commonly employed technique for strain
Teukation Time (Days) improvement. The most widely used mutagens
are nitrosoguanidine, methylmethane sulfonate,
—i— U BaP Degradation - - -9 - log CFUml EMS, N-methyl-N-nitro-N-nitrosoguanidine, 5-
At different time points of incubations, the BU, AO and UV [24, 25, 26, 27, 28, 29, 30,
logy, CFU/ml and assessment of % BaP31]. In view of the above, the improvement of
degradation by HPLC analysis of respectivethe BaP degradation ability oB. subtilis
cultures were performed. The data showed aBMT4i was attempted by inducing random
exponential increase in the BaP degradatiofutations as a result of treating BMT4i with
from 2 day to 28 day[Figure-5A]. After 2  physical mutagen UV or chemical mutagens
day, BMT4imuv2 showed 16.31% BaP including EMS, 5-BU and AO. Although
degradation which increased exponentially to'umerous mutants of BMT4i were obtained
62.24%, 78.45% and 90.99% after 7, 14 and 2@&fter mutagen treatments but only the UV
days respectively achieving almost 100% orifradiation resulted in an improved BMTA4i
completion of 28 days. As far as the growthmutant having better BaP degradation ability
kinetic is concerned, the scenario was found téhan the wild type BMT4i. The UV mutant
be somewhat different. As shown fiigure — BMT4imuv2 showed an improved BaP
5A, starting with logy CFU/ml of 7.30 on 0 degradation up to 62 % (1.5X of wild type
day, there was a steep increase in the log valugMT4i). BMT4imuv2 exhibited 100% BaP
reaching 16.60 after 2 days attaining maxima oflfegradation as compared to 84% by wild type
4547 logo, CFU/ml after 7 days. Further, BMT4i after 28 days. Furthermore,
increase in incubation time lead to decline inBMT4imuv2 also showed an improved
the loge CFU/mI, achieving 28.00 and 16.39 enhancement in lag CFU/ml (38 fold) as
logio CFU/m after 14 and 21 days respectivelycompared to that was shown by the control (29
reaching 0.00 after 28 days. The BMT4imuv2fold) after 7 days. To our best of knowledge,
revealed almost 100% BaP degradation after 2t present study is the first report
days in contrary to 84.66% by control wild type demonstrating the improvement of PAHs
BMT4i [Figure-5B] confirming a substantial degradation ability of any bacterial strain.
improvemgnt of the BaP degrad.ation potgntiatv] CONCLUSION
of BMT4i after treatment with physical
mutagen UV (254 nm). Therefore, it could pelt could be concluded that BMT4imuv2 is an

concluded that BMT4imuv2 is an improved improved version of BMT4i having a superior
capability of BaP degradation, hence it could

T10

logl CFU/m1ofBM T4
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serve as a leading biological weapon td9] Sims RC, Overcash MR. [1983] Fate of

remediate BaP contaminated sites. polynuclear aromatic compounds (PNAS) in
soil-plant systemResidue Rev 88:1-68.
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