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Abstract - Bioremediation using microbes is eco-friendly and economical. There is an increased demand for improvised 
strain of microbes for chromium removal from effluents. Strain improvement using mutagens are promising for generation 
of strains with better chromium removal efficiency. The present work aims at improvising the bacterial strainsBacillus 
subtilis, Bacillus amyloliquifaciensand Micrococcus luteus (isolated from an indigenous source of electroplating effluent of 
an industry in Peenya, Bangalore)by inducing random physical mutations with ultraviolet light and studying its impact on 
chromium remediation capacity. The study also reveals the effect of chromium on growth of microbes. UV survival curve 
was plotted and mutants with more than 50 % survival rate, were chosen for remediation studies. Wild type and mutants 
were assessed for chromium removal efficiency using diphenylcarbazide method. Bacillus amyloliquifaciens exposed to UV 
radiation for 80 minutesshowed 100 % chromium removal efficiency in 8 hours, while the wild type remediated in 10 hours. 
Bacillus subtilis that was exposed for 120 min showed 100 % removal efficiency in 17 hours, while the wild type remediated 
96 % of chromium in 19 hours. Both wild type and mutants of Micrococcus luteusremoved 96 % chromium in 18 hours. 
This study indicates the successful strain improvement of Bacillus subtilis and Bacillus amyloliquifaciens in generating 
mutant with a better ability for chromium removal, while Micrococcus luteus being resistant to UV irradiation failed to show 
any improvement in removal efficiency of chromium. 
 
Keywords - Chromium, Microbial remediation, Strain improvement, Bacillus amyloliquifaciens, Bacillussubtilis, 
Micrococcus luteus, Ultraviolet light. 
 
I.  INTRODUCTION 
 
Microbial remediation of chromium 
Chromium is a high priority heavy metal pollutant 
that needs to be remediated as per EPA as it is 
carcinogenic and has a potential to induce spectrum 
of health hazards [1]. It has the potential to 
contaminate the ground water and accumulate in the 
strata of food chain. Various anthropogenic activities 
like electroplating, tanning etc are sources of 
chromium contamination of environment [2]. Various 
microbes have been found to reduce the chromium 
thereby detoxifying it by converting toxic hexavalent 
chromium to nontoxic trivalent form. Microbes have 
been found to thrive in effluents containing 
chromium, which indicates that the microbes have an 
inbuilt resistance to chromium or it might also have 
the capacity to detoxify chromium. Microbes like 
Bacillus subtilis,Bacillus amyloliquifaciensand 
Micrococcus luteus have been isolated from 
electroplating effluentsand have been found to 
possess the ability to detoxify chromium [3].These 
microorganismscan also be used to remove chromium 
from contaminated sites as they can efficiently 
accumulate chromium from the environment. These 
organisms can be further manipulated to enhance 
their chromium removal ability. 
 
Strain improvement 
The science and technology of manipulating and 
improving strain in order to enhance their metabolic 
capabilities for biotechnological applications is 

referred to as strain improvement [4]. Application of 
strain improvement for chromium removal from 
electroplating effluents will be greatly beneficial. 
Research has indicated that various microbial strains 
have a potential ability to remediate chromium. 
Therefore it is important to select a potential 
microbial strain forchromium removal which is in 
turn controlled by their genetic makeup. The 
challenge is to improvise these strains by inducing 
mutations randomly, for a better chromium removal 
ability. Such improved strains will reduce the cost of 
the remediation process[4]. 
 
Ultraviolet radiation 
Ultraviolet light is a physical mutagen that exerts its 
mutagenic effect by exciting the DNA molecules in 
thymine base pairs, inducing formation of pyrimidine 
dimers, thereby causing the damage.  It forms a 
covalent link between the pyrimidine dimers, thereby 
distorting DNA,inhibiting DNA transcription and 
replication[5]. 
 
II. MATERIALS AND METHODS 
 
UV survival curve 
Loopful of inoculum of Bacillus subtilis, Bacillus 
amyloliquifaciensand Micrococcus luteuswere 
separately inoculated into LB broth in aseptic 
conditions and incubated overnight in orbital shaker 
at 37°C. 100ml of overnight culture was taken in a 
petriplate. 5ml of inoculum of each strain was 
pipetted out and the initial cell density was noted by 
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measuring the absorbance of the suspension culture at 
600nm against sterile LB broth as blank.1ml of the 
culture was pipetted out and serially diluted to 10-5 to 
10-7 dilutions,which were used for the viable count 
method. This served as the control. The inoculum in 
the petridish was placed at a distance of 30cm from 
the UV source and exposed to UV radiation. After 
every 10 min interval, 500 µl of each of the culture 
was drawn and spread over sterile LB agar plate and 
incubated overnight at 37°C.Similarly, the plates 
were streaked with inoculum till the end of 120 min 
of exposure to UV radiation. A graph was plotted 
with time in min on the X-axis and log CFU per ml 
on Y-axis in order to obtain survival curve[6]. 
 
Isolation of mutants 
Overnight bacterial cultures of Bacillus subtilis, 
Bacillus amyloliquifaciens and Micrococcus 
luteusprepared separately in LB broth were 
aseptically centrifuged at 5000 rpm for 15 min. The 
bacterial pellets were suspended in 10 ml of sterile 
saline water(0.9%). The suspension wastransferred to 
sterilized petriplates placed under the UV lamp 
(emitting the energy of 1.6×102 J/m2/s) for 80 min to 
120 min (50 % survival rate on wards as per the UV 
survival curve). The bacterial suspensions (0.5 ml of 
each strain) was collected after every 10 min interval 
and transferred to separate solidified LB agar plates 
by spread plate technique. The plates were invertedly 
incubated in an incubator at 37°C for 24 h. 
 
Chromium remediation studies of the wild type 
and UV irradiated mutants of Bacillus subtilis, 
Bacillus amyloliquifaciens and Micrococcus luteus 
Loopful of inoculum from the isolated colonies of 
Bacillussubtilis, Bacillus amyloliquifaciensand 
Micrococcus luteusculture plates exposed to UV light 
for 80, 90,100,110 and 120 min were 
inoculatedseparately into sterile LB broth and 
incubated overnight to obtain the log 
phasecultures.The wild typestrains of Bacillus 
subtilis, Bacillus amyloliquifaciens and Micrococcus 
luteusthat were  not subjected to UV treatment served 
as controls.  From the log phase cultures, 1ml each of 
inoculum of both wild type and mutants,were pipetted 
out and separately inoculated into different LB broth 
spiked with potassium dichromate at a concentration 
of 100mg/L. The remediation was studied every hour 
by estimating the chromium in the media by 
diphenylcarbazide assay using a UV-Visible 
spectrophotometer (M/s. Eppendorf) at wavelength of 
540 nm against distilled water as blank [7]. Removal 
efficiency of the mutants was calculated with 
reference to the amount of chromium taken up by the 
microbesevery hour. 
 
Effect of Cr VI on bacterial growth 
For bacterial growth curve, six Erlynmeyer flasks 
containing 48 ml of LB broth each was prepared and 
autoclaved. 500 µl of 1000ppm Cr VIstock solution 
was added to each broth to give Cr VI concentration 

of 100µg/ml and 1 ml each of fresh bacterial culture 
of Bacillus subtilis, Bacillus amyloliquifaciens and 
Micrococcus luteuswild type and mutants were 
inoculated separately into each broth. The freshly 
inoculated culture flasks were incubated at 37°C in 
orbital shaker at 150rpm. The optical density of 
eachculture was monitored in spectrophotometer at 
600nm for every 1 h for 12 h and comparative study 
of effect of chromium on rate of growth of wild type 
and mutants of each strain was studied[8]. 
 
III. RESULTS AND DISCUSSION 
 
UV survival curve 
In case of Bacillus subtilis, the cultures exposed to 
UV radiations from 70 min to 120 min were chosen. 
In Bacillus amyloliquifaciensand Micrococcus luteus 
plates, 80 min to 120 min UV exposed plates were 
chosen to screen for improved strains for chromium 
remediation. 
 
Preparation of UV survival curves for Bacillus 
subtilis,Bacillus amyloliquifaciens and Micrococcus 
luteus 
UV survival curves for Bacillus subtilis, Bacillus 
amyloliquifaciens and Micrococcus luteus are 
depicted in Fig.  1, 2 and 3 respectively. The survival 
rate of Bacillus subtilis is the highest at the end of 
120 min of UV exposure.  Based on the UV survival 
curve, the mutants that had more than 50 % survival 
rate (which was exhibited from 80 to 120 min in all 
three strains) was chosen for chromium remediation. 

 
 

Figure 1:  UV survival curve of Bacillus subtilis 
 

 
 

Figure 2:  UV survival curve of Bacillus amyloliquifaciens 
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Figure 3:  UV survival curve of Micrococcus luteus 

 
Chromium remediation studies of the wild type 
and UV irradiated mutants of Bacillus subtilis, 
Bacillus amyloliquifaciens and Micrococcus luteus 
Of all the mutants chosen for remediation of Bacillus 
subtilis strain, the mutants that were exposed to UV 
radiations for 100 min showed good chromium 
removal efficiency with respect to the wild type and 
in Bacillus amyloliquifaciensstrain, the mutants that 
were exposed to UV radiations for 80 min showed the 
best chromium removal while in Micrococcus luteus, 
there was no difference between the chromium 
removal efficiency of wild type and mutants. This 
indicates the successful strain improvement for 
chromium remediation in strains Bacillus subtilis and 
Bacillus amyloliquifaciens while no strain 
improvement was achieved in case of Micrococcus 
luteus. 

 
Figure 4:  Comparison of chromium removal efficiency of 

Bacillus subtilis, wild type and mutant at 120 min 

 
Figure 5:  Comparison of chromium removal efficiency of 
Bacillus amyloliquifaciens,Wild type and mutant at 80min 

 
Figure 6.  Comparison of chromium removal efficiency of 

M.luteuswild type andmutant at 90 min 
Bacillus amyloliquifaciensexposed to UV radiation 
for 80 min showed 100 % chromium removal 
efficiency in 8 h, while the wild type remediated in 
10 h (Fig. 4).Bacillus subtilis that was exposed for 
120 min showed 100 % removal efficiency in 17h 
while the wild type remediated 96 % of chromium in 
19 h(Fig. 5). Both wild type and mutants 
ofMicrococcusluteusremoved 96 % chromium in 18 h 
(Fig. 6). According to a study, one of the strains of 
Bacillus amyloliquifaciens showed the maximum 
chromium removal efficiency compared to other 
microbes under optimal conditions of temperature 
and pH [9].Bestawayet al., (1998) have used Bacillus 
species to remove heavy metals like chromium and 
nickel from polluted water and have enhanced the 
removal efficiency using UV radiations.According to 
Lavin et al., (1976), Micrococcus spp. are highly 
resistant to UV radiations because of presence of 
efficient excision repair system. 
 
Effect of Cr VI on bacterial growth 
All the three strainsBacillus subtilis, Bacillus 
amyloliquifaciens and Micrococcus luteus, wild type 
as well as mutants show better growth rate in absence 
of chromium while retarded growth in presence of 
chromium as represented in Figures 7, 8, 9 and 10. Of 
all the three strains, Bacillus amyloliquifaciensshows 
a higher growth rate in comparison with Bacillus 
subtilisandMicrococcus luteus. 
 

 
Figure 7:  Growth of wild types of Bacillus subtilis, Bacillus 

amyloliquifaciens and Micrococcus luteusin absence of 
chromium 
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Figure 8: Growth of wild types ofBacillus subtilis, Bacillus 
amyloliquifaciens and Micrococcus luteusin presence of 

chromium 
 

 
 

Figure9:  Growth of mutants ofBacillus subtilis, Bacillus 
amyloliquifaciens and Micrococcus luteusin absence   of 

chromium 
 

 
 

Figure 10:  Growth of wild types of Bacillus subtilis, Bacillus 
amyloliquifaciens and Micrococcus luteusin presence of 

chromium 
 
According to Upadhyay et al., (2017), Bacillus sps is 
resistant to chromium and may be a potential agent 
for bioremediation. When Bacillus is grown in media 
containing chromium, There is a reduction in its CFU 
count which was more in absence of chromium and 
reduced when chromium was present in the media. 
According to Congeevaramet al.,(2007), Micrococcus 
species can tolerate chromium toxicity and can be 
used to remove chromium from industrial waste 
water. Mishra et al., (2010)have reported 
thatMicrococcus can tolerate chromium beyond 500 
ppm. 
 
 
 

CONCLUSION 
 
The comparative study of the chromium removal 
efficiency of themutant and the wild type  strains 
reveal that strainimprovement of Bacillus 
amyloliquifaciens was successful in generating 
mutantwith  a better ability for chromium removal 
with Bacillus subtilis ranking second and both wild 
type and mutants of Micrococcus luteus are resistant 
to UV irradiation and failed to show any 
improvement in removal efficiency of chromium.By 
the comparative study of effect of growth on wild 
type  and mutants of the strains of Bacillus subtilis, 
Bacillus amyloliquifaciens and Micrococcus luteus,  
it can be concluded that chromium does not affect the 
growth of Bacillus subtilis and Bacillus 
amyloliquifaciens wildtype and the mutant and the 
strains are resistant to chromium. But since the 
growth of Micrococcus luteus is retarded in presence 
of chromium, Micrococcus luteus is not a very good 
remediator of chromium compared to Bacillus subtilis 
and Bacillus amyloliquifaciens. 
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