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Bacteria have evolved various mechanisms to protect against oxidative stress.  Previous 
studies have demonstrated a bimodal mechanism of the DNA-binding protein (Dps), which 
confers DNA protection in unique manners.  In this study, we investigated the involvement 
of Dps against hydrogen peroxide-induced stress in E. coli ZK126 and the dps mutant E. 
coli ZK1146 in exponential and stationary phases.  Survival and mutagenesis of these 
strains were assessed following hydrogen peroxide treatments.  We found that wild-type 
cells survived better than the mutant, yet exhibited considerable mutation rates in the 
stationary phase, which suggests DNA damage.  Restriction endonuclease digestion of 
genomic DNA corroborates the existence of different DNA conformations in the two phases 
and strains. 

     ________________________________________________________________ 
 

Microorganisms are constantly exposed to 
environments that are perpetually changing due to 
nutritional limitations, temperature shifts and oxidative 
stresses.  Therefore, bacteria have developed multiple 
regulatory pathways that allow them to respond 
effectively to ensure survival by moving from the 
exponential phase into the stationary phase (2, 18).  
This transition into stationary phase results in 
significant expression of the non-specific DNA-binding 
protein (Dps) in an RpoS-dependent manner (1, 4, 9, 14, 
20) of up to 200,000 molecules per cell (18).  Likewise, 
Dps is expressed in the exponential phase in response 
to nutritional and oxidative stresses via the OxyR 
pathway (1, 24).  Dps is known to confer resistance to 
several types of stresses including UV irradiation, heat 
shock, copper/iron toxicity, acid/base shock, and more 
interestingly, oxidative damage (8, 11, 15, 16, 18). 

Since endogenous hydrogen peroxide is a metabolic 
byproduct of aerobically growing E. coli, mechanisms 
are needed to protect critical biomolecules from highly 
reactive oxygen species produced through Fenton-type 
reactions, which involves the oxidation of ferrous iron 
by hydrogen peroxide to generate hydroxyl radicals (3, 
5, 10, 11, 16, 22). Furthermore, exogenous hydrogen 
peroxide-induced oxidative stress can damage bacterial 
phospholipid membranes containing polyunsaturated 
fatty acids via a process known as lipid peroxidation (6, 
10).  Some effects of this process include increased 
membrane rigidity, distorted permeability, and altered 
activity of membrane-bound enzymes and receptors, all 
of which could contribute to cell lysis and death (6, 10).  
However, exposures to low concentrations of 
exogenous hydrogen peroxide that are insufficient to 
cause cell death are known to be able to induce DNA 
single and double strand breaks (6, 10, 11). 

Along with other cellular molecules such as 
superoxide dismutase and catalase (22), Dps provides 
additional DNA protection from hydrogen peroxide 
through various mechanisms such as physical binding, 
acting as an alternate substrate in potentially damaging 
reactions, sequestering metal ions such as iron and 
magnesium, regulating gene expression, and defusing 
toxic peroxides by its ferroxidase activity (7, 18).  
These functions are achieved through two different 
conformations: a trimeric form that does not bind to 
DNA, and a dodecameric form that binds indirectly to 
DNA via magnesium ions (7).  Predominant in the 
exponential phase, the trimeric form protects DNA by 
its ferroxidase activity, which prevents Fenton’s 
reaction and thereby inhibits the production of 
hydroxyl radicals (7, 11, 15).  In the stationary phase, 
Dps is in its dodecameric form that is able to form 
highly stable nucleoprotein arrays known as biocrystals 
with the bacterial chromosome, thereby shielding and 
condensing DNA (7, 15, 18). 

For the present study, we hypothesized that E. coli 
dps mutants in the exponential phase would be more 
vulnerable to hydrogen peroxide-induced DNA damage 
than wild-type cultures in the stationary phase.  This 
should be due to the intrinsic mechanisms of resistance 
by Dps in its dodecameric form and its higher level of 
expression in the stationary phase.  Hydrogen peroxide-
directed survival assays were conducted on both wild-
type and dps mutant strains, grown either to 
exponential or stationary phase.  To assess the nature of 
DNA damage, a comparison of the number of nalidixic 
acid mutants generated following hydrogen peroxide 
exposure between the two strains and phases was done.  
Furthermore, chromosomal DNA was isolated via 
agarose embedded DNA extraction and was analyzed 
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using pulsed-field gel electrophoresis following a 
restriction digest. 
 

MATERIALS AND METHODS 
 

Bacterial strains. The strains used in this study 
were E. coli ZK126 [W3110ΔlacU16tna2] (isogenic 
wild-type control) and E. coli ZK1146 
[ZK126dps::cam] (dps mutant), supplied from the 
MICB 421 culture collection, Department of 
Microbiology and Immunology, University of British 
Columbia. 

Preparation of growth media. Bacteria were 
grown in M9 minimal liquid media (21)  supplemented 
with 0.2% glycerol, 500 μg/ml thiamine (Sigma, T-
4625), 2 mg/ml uracil (Sigma, U-1128), or in Luria 
broth media (LB) (10 g/L tryptone, 5 g/L NaCl, 5 g/L 
yeast extract). LB agar plates (10 g/L tryptone, 5 g/L 
NaCl, 5 g/L yeast extract, 15g/L agar) with or without 
50 μg/ml nalidixic acid (Sigma, N-8878) were prepared 
for survival and mutagenesis assays.  

Culturing methods. The purity of the supplied 
samples of E. coli ZK126 and E. coli ZK1146 was 
assessed by streaking on an LB agar plate. The plates 
were incubated overnight at 37°C and isolated colonies 
were used to inoculate overnight cultures in M9 
minimal medium or LB medium for further 
experimentation. 

Determination of Growth Characteristics. 
Overnight bacterial cultures grown at 37°C were 
diluted 1-in-10 to OD460 of 0.2 to 0.4 in M9 minimal 
media or to OD660 of the same range in LB media and 
grown to exponential phase. Turbidity readings at 
OD660 were taken at various time points over a period 
of 6 hours, and appropriate dilutions were carried out 
for OD660 readings above 0.6.  All samples were 
measured using a spectrophotometer (Spectronic 20). 

Survival and mutagenesis assays.  Stationary or 
exponential phase cells were subjected to treatment of 
hydrogen peroxide at final concentrations of 0.1 mM, 1 
mM, and 2 mM for 15 minutes at 37 °C.  The negative 
controls were set up using cells prepared in the same 
manner and parallel to the assay, except without 
hydrogen peroxide treatment. Hydrogen peroxide 
reactions were stopped by diluting the reaction 
mixtures with 30 mL LB media.  All samples were 
spun in a centrifuge (Beckman J-21) for 15 minutes at 
7,500 x g.  Cells were resuspended in volumes based on 
the initial turbidity measured at time of treatment.  
Samples were subsequently diluted and plated at final 
plated dilutions ranging from 10-3 to 10-7. Cells were 
spread-plated onto LB nutrient agar with or without 
nalidixic acid. The plates were incubated for growth at 
37°C, and observed for new colonies. The number of 
viable colonies on LB agar alone and with nalidixic 
acid was used for determination of the percentage 

survival and mutation rates, respectively. Due to high 
plate counts observed on several plates, estimations 
were made to the number of colonies to provide data 
for survival and mutation rates. The percent survival 
was determined by taking the quotient of the number of 
viable cells counted from each LB plate by the number 
of viable cells on the 0 mM hydrogen peroxide control 
plate. Mutation rate was the number of observed 
mutants grown on LB with nalidixic acid plates divided 
by the number of cells observed on the corresponding 
LB plates. 

Agarose-embedded DNA extraction. Samples of 
overnight cultures and exponential phase cultures for 
both bacterial strains were obtained and adjusted to an 
OD660 of 1.2.  One millilitre of each diluted culture was 
centrifuged for 5 minutes at 6,500 x g. The pellet was 
washed with 1 ml Resuspension Buffer (75 mM NaCl, 
25 mM EDTA (pH 7.4)), and resuspended in 1 ml 
Resuspension Buffer. A volume of 500 μl 1% 
Chromosomal grade agarose (Bio-Rad, 162-0135) was 
melted in Resuspension Buffer and gently mixed with 
500 μl of cell suspension. The mixture was transferred 
into rectangular plug molds and incubated at 4 °C for 
10 min. or until solidification occurred. The plugs were 
then incubated in 1 ml ESP solution (0.5 M EDTA (pH 
8), 1 % lauryl sarcosine, 1 mg/ml Proteinase K) in a 
50°C water bath overnight. A day later, all plugs were 
washed twice in 5 ml wash buffer (10 mM Tris-HCl, 1 
mM EDTA (pH 8)) containing 500 μl 15 mM PMSF 
(Sigma, P-7626). The plugs were washed twice again in 
5 ml wash buffer only. 

Restriction endonuclease digestion of agarose-
embedded DNA. Restriction enzyme digestions of the 
agarose plugs were performed using 10 units of PstI 
endonuclease in 30 μl of 10x restriction enzyme buffer 
and 270 μl of sterile distilled water. Following the 
restriction endonuclease digestion at 37°C for 4 hours, 
the agarose plugs were washed with 0.5x TBE for 30 
min.  

Pulsed-field gel electrophoresis (PFGE). The 
washed agarose plugs were loaded into a 1% PFGE-
certified agarose (Biorad, #162-0137) gel. The wells 
were sealed with 1% PFGE-certified agarose. Yeast 
chromosome PFG marker (Biolabs, #N0345S) and low 
range PFG marker (Biolabs, #N0350S) were also run 
for indication of bands. The gel was run for 22 hours at 
14°C and at 6 volts per centimeter with an initial switch 
time of 5 sec and a final switch time of 50 sec.  

RESULTS 

Growth characteristics of E. coli ZK126 and E. 
coli ZK1146. The growth curves were generated by 
monitoring the growth of cells in LB media over 6 
hours (Fig. 1).  For both strains, there did not seem to 
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be any apparent lag phase following re-inoculation 
from an overnight culture.  In previous experiments 
(12), wild-type and dps mutants were originally grown 
in M9 media.  However, both strains required at least 
350 minutes to enter stationary phase when grown in 
M9 media (data not shown), whereas it took only 150 
minutes when grown in LB media, presumably due to 
insufficient nutrients to support growth of both strains.  
After several attempts in optimizing growth for both 
strains in M9 minimal media by supplementing with 
uracil, thiamine, and higher concentrations of glycerol, 
the duration required for cells to enter stationary phase 
was still approximately 350 minutes. 

 

 
FIG. 1.  Growth characteristics of E. coli ZK126 and E. coli 
ZK1146 in exponential and stationary phases.  Wild-type (ZK126) 
and dps mutant (ZK1146) E. coli were grown aerobically in LB 
media at 37°C in a shaking water bath at 200 rpm following a 1-in-20 
dilution from overnight cultures. 
 
 
Table 1.  Effect of hydrogen peroxide concentration on the 
survival and mutation of E. coli ZK126 and E. coli ZK1146 
cultures grown to stationary phase.  Cultures grown in LB media 
were subjected to various concentrations of hydrogen peroxide, and 
then plated on LB with or without nalidixic acid.  Survival 
percentages were determined by taking the quotient of cell 
concentrations yielded after hydrogen peroxide exposure by the 
control sample (at 0.0 mM hydrogen peroxide). Mutation rate was the 
average number of observed mutants grown on LB with nalidixic 
acid plates divided by the average number of cells observed on the 
corresponding LB plates.  

 

Table 2.  Effect of hydrogen peroxide concentration on the 
survival and mutation of E. coli ZK126 and E. coli ZK1146 
cultures grown to exponential phase.  Cultures were grown in LB 
media then subjected to varying concentrations of hydrogen peroxide 
and plated on LB with or without nalidixic acid.  Survival and 
mutation rates were determined as in Table 1.   

 
 
 
Dps conferred protection to hydrogen peroxide 

during stationary phase. Wild-type cells exhibited 
100% survival to hydrogen peroxide concentrations 
reaching up to 1.0 mM, indicating greater resistance to 
hydrogen peroxide-induced damage (Table 1).  Dps 
mutants, however, exhibited 100% survival only up to 
0.1 mM of hydrogen peroxide, showing a ten-fold 
lower resistance capacity compared to the wild-type 
strain.  At each hydrogen peroxide concentration, wild-
type cells demonstrated greater resistance than dps 
mutants.  Specifically, treatment of dps mutants with 
1.0 mM hydrogen peroxide yielded 64% survival, 
which was one-third lower compared to the wild-type 
strain.  For comparison purposes, all survival was 
determined using the calculated concentration of viable 
cells on test plates relative to that on the treatment 
control plate.   

Exponential phase cultures demonstrated lower 
resistance and higher sensitivity to hydrogen 
peroxide. Both wild-type and dps mutant strains were 
susceptible to hydrogen peroxide damage even at low 
concentrations such as 0.1 mM.  After exposure to 0.1 
mM hydrogen peroxide, wild-type cells retained full 
capacity to resist the damage during the stationary 
phase, but only 53% of the exponential phase cells 
survived, which suggested a nearly 50% decrease in 
survival rate (Tables I and II).  The sensitivity of wild-
type and mutants to hydrogen peroxide-induced 
damage was evidently higher during exponential phase 
compared to stationary phase.  A ten-fold increase in 
hydrogen peroxide concentration, specifically from 0.1 
mM to 1.0 mM, demonstrated a more pronounced 
effect on exponential than stationary phase cells.  In the 
stationary phase, all wild-type cells survived from the 
hydrogen peroxide-induced damage, while those in the 
exponential phase appeared to be highly sensitive as the 
survival was reduced by one half.  In addition, Dps 
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mutants exhibited a significant difference in survival at 
different phases, with a remarkable 9.5 times lower 
survival in exponential phase but only a 1.6-fold lower 
survival in the stationary phase, suggesting that in the 
absence of Dps the sensitivity to the oxidative damage 
was prominently higher.  

Wild-type cultures in stationary phase 
consistently exhibited significantly higher mutation 
rates following hydrogen peroxide treatment.  As 
seen in Table I, the mutation rates of the wild-type cells 
increased correspondingly with the concentration of 
hydrogen peroxide, and were approximately one-third 
higher than those of the dps mutants.   The mutation 
rates of cultures grown to exponential phase were 
determined to be significantly lower at 0.0 mM (Table 
I).  Unexpectedly, the control wild-type culture in 
exponential phase yielded a higher mutation rate of 
5.67 x 10-7 mutant/cfu, considering this sample lacked 
hydrogen peroxide treatment.  This result is unexpected 
and not consistently achieved in the other control 
samples. 

Dps provided DNA protection from hydrogen 
peroxide-induced damage via different 
conformations.  To demonstrate the existence of 
tetrameric and dodecameric forms of Dps in the 
exponential and stationary phase, respectively, genomic 
DNA from exponential and stationary phase wild-type 
and mutant cells were extracted, subjected to restriction 
endonuclease digestions, and the resulted fragments 
were analyzed through pulsed-field gel electrophoresis 
(PFGE).  Three different restriction digestions were 
prepared, but only the restriction digests using PstI 
yielded relevant bands for this study (Fig. 2). The 
PFGE for wild-type and dps mutants from both 
exponential and stationary phase revealed different 
banding patterns, which was consistent with the 
expectation as the mutants lacking Dps would have a 
different genomic DNA conformation.  Moreover, a 
slight variation in banding patterns was observed when 
comparing stationary and exponential phase cells.  
Wild-type cells in the stationary phase yielded slightly 
lower molecular weight bands compared to those in the 
exponential phase.  Dps mutants in stationary phase, 
however, revealed slightly higher molecular weight 
bands, with an additional band at 2.03 kBp.   
 

DISCUSSION 
 
 As seen in Tables I and II, the results clearly 
demonstrated the superiority of the wild-type strain in 
surviving hydrogen peroxide stress as opposed to the 
dps mutant strain, regardless of which phase it was in, 
validating the hypothesis that Dps plays a crucial role 
in the protection against such stress.  
 The modes of protection provided by Dps differ 
between the exponential and stationary phase.  In the 

stationary phase, Dps is in its dodecameric form, which 
can induce the formation of biocrystals by constructing 
compact hexagonal structures with DNA (7, 15). This 
binding of Dps allows protection of the phosphodiester 
bonds in the DNA backbone as well as prevention of 
base substitution and modification by physically 
shielding the DNA from harmful reactive oxygen 
particles (15).  It is likely that Dps can recruit DNA 
repair enzymes, thereby increasing efficiency of 
reparation of possibly fatal DNA damage (15).  In the 
exponential phase, the Dps is in the trimeric 
conformation and protects DNA in a different, non-
binding fashion by providing its ferroxidase activity, 
thereby preventing Fenton’s reaction and the 
subsequent reactive oxygen radical formation (3, 6, 10, 
11, 16, 22).  Similarly, Dps sequesters Fe(II), which 
also inhibits the generation of highly reactive hydroxyl 
radicals (16). 
 

 
 
FIG. 2. Pulsed-field gel electrophoresis of agarose embedded 
extraction of chromosomal DNA following restriction digest with 
PstI.  Wild-type E. coli ZK126 cultures were grown to exponential 
phase (lane 1) or to stationary phase (lane 2), and dps mutant ZK1146 
cultures to exponential phase (lane 3) or to stationary phase (lane 4), 
and low range PFG marker (lane 5). 
 
 

Without these benefits afforded by Dps, dps 
mutants would become more sensitive to hydrogen 
peroxide-induced killing, which was denoted by the 
lower survival percentages with correspondingly higher 
hydrogen peroxide concentrations in our experiment.  
Despite the decrease in survival, it was evident that dps 
mutants have other mechanisms for survival against 
hydrogen peroxide stress, since cell viability was not 
reduced entirely to zero.  Such mechanisms include the 
presence of catalases, alkyl hydroperoxide reductase 
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and glutathione reductase, which are upregulated by 
OxyR in the exponential phase and RpoS in the 
stationary phase (3, 14, 24).  However, the difference in 
survival between wild-type and dps mutant strains was 
noticeable, which implied the greater role of Dps 
specifically in the cell’s strategy against oxidative 
stress. 

Furthermore, it was observed that the stationary 
phase cells survived better overall than the exponential 
phase cells, regardless of the presence or absence of 
Dps.  This additional protection can be attributed to 
other protective mechanisms found in stationary phase 
cells, as they are more physiologically adapted for 
survival against external stresses and nutritional 
limitation than exponentially growing cells (12, 14, 18).  
Upon entry into the stationary phase, the σS 
transcription factor is responsible for the upregulation 
of periplasmic and outer membrane proteins, catalase 
(katE, katG), and proteins involved in methylation 
damage repair of DNA (aidB) (14).  Changes in 
membrane composition, metabolism as well as a 
substantial increase in the number of Dps collectively 
provide effective resistance to hydrogen peroxide stress 
in stationary phase (18). 
 Mutagenesis assays using nalidixic acid were 
performed to assess hydrogen peroxide damage to 
DNA specifically and differentiate between the effects 
of hydrogen peroxide on DNA and other cell 
components such as the cell membrane.  Nalidixic acid 
is a bacteriostatic antibiotic that acts by inhibiting DNA 
gyrase, an enzyme critical to DNA synthesis as it 
establishes negative supercoiling in E. coli DNA (23, 
25).  A mutation which develops as a result of the 
resistance to this antibiotic allows for its growth on the 
selective plates.  Tables I and II revealed that the 
majority of the plates failed to yield any mutant growth 
and this lack of mutations could be due to a few factors.  
Firstly, mutations due to hydrogen peroxide-induced 
damage are non-specific and the mutagenesis detection 
scheme used in this experiment required a mutation in a 
specific gene, which significantly lowered the 
discovered mutation rate in addition to the already low 
frequency of spontaneous mutations.  Therefore, it is 
highly possible that the actual mutation rate was higher 
in both strains, as mutations could have occurred at 
other locations on the chromosome that we failed to 
detect.  Another reason for the lack of mutant colonies 
is that as the concentration of hydrogen peroxide 
treatment increased, there was a drop in the colony 
forming units that were able to grow, thereby 
decreasing survival.  If fewer cells were able to survive 
the hydrogen peroxide treatment, the chances of 
mutants forming would be significantly lowered in 
proportion as well. This hindered the ability to compare 
and normalize mutation rates in the different treatments 
as some of the values obtained were zeroes.  

 Although we hypothesized that the dps mutant 
strain in the exponential phase would yield the highest 
number of mutants due to the absence of protection 
afforded by Dps, our data demonstrated that the wild-
type strain in the stationary phase yielded the most 
mutants.  This unexpected result could be explained by 
the fact that stationary wild-type cells exhibited the 
highest concentration of growth, which amplified the 
rather low mutation frequency (Table II).   Furthermore, 
stationary phase cells are known to have higher 
mutation rates than exponential phase cells due to a 
process called stationary-phase mutation (26).  When 
cells are under environmental stress (e.g. during 
starvation), a family of error-prone polymerases is up-
regulated (26).  Stationary-phase mutagenesis in E. coli 
is an adaptive mechanism in which the cells that 
acquire a novel and useful mutation may have a better 
chance of survival (26).  The fact that there was an 
increased mutagenesis in the wild-type stationary phase 
cells could be correlated to the natural process of 
stationary-phase mutation, which also accounted for the 
higher mutation rates observed in the control stationary 
cells.  The mutation rates of the stationary phase cells 
were positively correlated with the hydrogen peroxide 
treatments; perhaps, increased stressors in the form of 
hydrogen peroxide would directly or indirectly increase 
the activity of the error-prone polymerases, accounting 
for elevating rates of mutagenesis observed in the wild-
type strain. This would be evolutionary beneficial, 
because through mutations cells could increase their 
survival fitness and competitiveness in a continually 
changing and stressed environment.   
 An increase in mutation rates were also observed in 
the dps mutant strain in the stationary phase; however, 
in comparison with the wild-type strain, the lack of and 
low concentration of exogenous hydrogen peroxide 
failed to develop mutants that were resistant to 
nalidixic acid.  It is possible that Dps also functions to 
enhance the processivity of the error-prone 
polymerases since in wild-type stationary-phase Dps 
alters the conformation of DNA into a tightly packed 
structure via its dodecameric form.  The absence of this 
particular DNA conformation in dps mutants perhaps 
affected the ability of the stationary phase-specific 
error-prone polymerases to function at its optimum 
level, yielding a reduced number of nalidixic acid-
resistant mutants in the dps mutant strain.  Although we 
had hypothesized that Dps plays a role in the protection 
of stationary phase cells from mutation and DNA 
damage, the results implied that the upregulated error-
prone polymerases found in stationary phase seem to 
enhance mutation as a potential mode of survival.  

Previous studies have shown that different 
conformational states of Dps are functionally relevant 
with respect to the protection of DNA against oxidative 
stress (7, 15).  For evidence that binding of Dps has a 
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different protective function against hydrogen peroxide 
via its different conformational states, DNA from both 
strains of E. coli in stationary and exponential phase 
was isolated and digested using restriction enzyme PstI 
(Fig. 2).  Non-specific binding proteins such as Dps 
may impede the binding, and thus action, of sequence 
specific restriction endonucleases (5).  This obstruction 
and the particular conformations conferred by the 
binding of Dps in the stationary phase may result in the 
blockage of PstI recognition sites, thereby explaining 
the different banding patterns exhibited by stationary 
versus exponential phase cells.  Since the binding 
mechanism of Dps to DNA has not yet been elucidated 
(19), it is not known for certain the number of PstI cut 
sites that are blocked by Dps.  Yet, as the only 
difference between both strains is the presence or 
absence of Dps, the number of available PstI cut sites 
should be identical.    

Non-uniform banding patterns were observed in all 
four lanes of the PFGE gel.  The mutant strain banding 
patterns exhibited by stationary and exponential phase 
cells contained some similar-sized bands.  The results 
were somewhat expected as due to the lack of Dps, the 
DNA of stationary mutant cells would not be in the 
condensed biocrystal structure form.  The DNA 
conformations of the stationary-phase mutant cells 
were likely to be similar to those found in exponential 
phase, which may have included both the supercoiled 
conformation as well as concatamers.  However, it is 
probable that the differences observed were due to the 
reduction in DNA replication when cells were in the 
stationary phase; therefore, it is expected that more 
concatamers and open circles existed in the exponential 
phase than in the stationary phase.   The various DNA 
conformations exposed different available cutting sites 
and therefore resulted in banding patterns with both 
similar and different-sized linear bands.  

In the stationary wild-type cells, the formation of 
biocrystals would have greatly altered the conformation 
of DNA and therefore the available PstI cut sites as 
compared to the exponential phase cells, which is a 
plausible explanation for the unique band (9.42 kb) 
found only in lane 2 (Fig. 2).  Or, a cut site could have 
been blocked by the binding of Dps and resulted in a 
unique-sized band.  The similar bands found on the 
other lanes could be due to other factors.  For example, 
DNA-bound Dps may have been lost during the 
extraction through the use of agarose and Proteinase K, 
which in turn modified the DNA conformation and 
affected the restriction banding pattern.  Although 
slight differences in the banding patterns were observed, 
the bands were nonetheless not very distinct and 
conclusive.  However, for our purposes, the results are 
sufficient indications that differences in the DNA 
conformations between exponential and stationary 

phase can be attributed to the presence or absence of 
Dps. 

Altogether, the data was not in agreement with our 
hypothesis in which the exponential phase dps mutants 
failed to express higher mutation rates than the wild-
type cells in the stationary phase.  These observed 
disparities can be explained by various factors such as 
stationary-phase mutagenesis, which increases the 
chance for survival against stress.  The pulsed-field gel 
electrophoresis provided evidence that the presence or 
absence of Dps does affect DNA conformation.  The 
mode of DNA protection conferred by Dps was 
unresolved from our mutagenesis assay; nonetheless, 
results from our survival assays clearly indicate that the 
presence of Dps provides added protection against 
exogenous hydrogen peroxide onslaught.  With the 
results of our study, we are able to establish that Dps 
proteins are important in the survival of E.coli under 
oxidative stress. 
 

FUTURE EXPERIMENTS 
 

Based on the obtained data and the previous work 
as performed by Tegova et al. (26), it is proposed that 
the observed mutagenesis is caused by DNA 
polymerase IV (Pol IV)-dependent stationary-phase 
mutations.  Further experimentation would be required 
to increase the understanding of this phenomenon.  
First, it would be plausible to study whether the over-
expression of Pol IV via F’ plasmid would elevate the 
frequency of spontaneous mutations.  However, owing 
to the fact that nalidixic acid resistance generated by 
hydrogen peroxide-induced mutation is a rare event, a 
novel assay system utilized by Tegova et al. (26) 
allows for detection of a variety of mutations should be 
used for this purpose. In the same study, it was 
established that the frequency of mutations increased as 
a result of prolonged starvation of bacterial cultures 
(26).  According to the generated growth curves from 
our study, wild-type and mutant cultures entered 
stationary phase at approximately 150 minutes.  Thus, 
to obtain these starved cultures, it is recommended that 
wild-type and mutant cells be starved for a carbon 
source for at least a week.  Cells from this culture 
would subsequently be utilized to test for frequency of 
mutations. 

Furthermore, for more concrete evidence of the 
protective properties of Dps from oxidative damage, it 
would be interesting to perform a gain-of-function 
experiment.  In brief, primers could be designed based 
on the sequence of the dps gene, which could be easily 
retrieved via the available sequence databases such as 
BLAST (http://130.14.29.110/BLAST/).  The designed 
primers would be used to perform a polymerase chain 
reaction (PCR) for amplification of Dps in genomic 
DNA isolated from the stationary and exponential 
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phase cultures.  Following cloning of the dps gene into 
a suitable vector, the recombinant DNA molecule could 
be transformed into an E. coli strain whose dps gene 
has been knocked out.  The cells could then be utilized 
to repeat the present study. 
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